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Global, regional, and national burden of disorders affecting
the nervous system, 1990-2021: a systematic analysis for
the Global Burden of Disease Study 2021

GBD 2021 Nervous System Disorders Collaborators*

Summary

Background Disorders affecting the nervous system are diverse and include neurodevelopmental disorders, late-life
neurodegeneration, and newly emergent conditions, such as cognitive impairment following COVID-19. Previous
publications from the Global Burden of Disease, Injuries, and Risk Factor Study estimated the burden of
15 neurological conditions in 2015 and 2016, but these analyses did not include neurodevelopmental disorders, as
defined by the International Classification of Diseases (ICD)-11, or a subset of cases of congenital, neonatal, and
infectious conditions that cause neurological damage. Here, we estimate nervous system health loss caused by
37 unique conditions and their associated risk factors globally, regionally, and nationally from 1990 to 2021.

Methods We estimated mortality, prevalence, years lived with disability (YLDs), years of life lost (YLLs), and disability-
adjusted life-years (DALYs), with corresponding 95% uncertainty intervals (Uls), by age and sex in 204 countries and
territories, from 1990 to 2021. We included morbidity and deaths due to neurological conditions, for which health loss
is directly due to damage to the CNS or peripheral nervous system. We also isolated neurological health loss from
conditions for which nervous system morbidity is a consequence, but not the primary feature, including a subset of
congenital conditions (ie, chromosomal anomalies and congenital birth defects), neonatal conditions (ie, jaundice,
preterm birth, and sepsis), infectious diseases (ie, COVID-19, cystic echinococcosis, malaria, syphilis, and Zika virus
disease), and diabetic neuropathy. By conducting a sequela-level analysis of the health outcomes for these conditions,
only cases where nervous system damage occurred were included, and YLDs were recalculated to isolate the non-fatal
burden directly attributable to nervous system health loss. A comorbidity correction was used to calculate total
prevalence of all conditions that affect the nervous system combined.

Findings Globally, the 37 conditions affecting the nervous system were collectively ranked as the leading group cause
of DALYs in 2021 (443 million, 95% UI 378-521), affecting 3 - 40 billion (3-20-3-62) individuals (43-1%, 40-5-45-9 of
the global population); global DALY counts attributed to these conditions increased by 18-2% (8-7-26-7) between
1990 and 2021. Age-standardised rates of deaths per 100 000 people attributed to these conditions decreased from 1990
to 2021 by 33-6% (27-6-38-8), and age-standardised rates of DALYs attributed to these conditions decreased by
27-0% (21-5-32-4). Age-standardised prevalence was almost stable, with a change of 1-5% (0-7-2-4). The ten con-
ditions with the highest age-standardised DALYs in 2021 were stroke, neonatal encephalopathy, migraine, Alzheimer’s
disease and other dementias, diabetic neuropathy, meningitis, epilepsy, neurological complications due to preterm
birth, autism spectrum disorder, and nervous system cancer.

Interpretation As the leading cause of overall disease burden in the world, with increasing global DALY counts,
effective prevention, treatment, and rehabilitation strategies for disorders affecting the nervous system are needed.

Funding Bill & Melinda Gates Foundation.

Copyright © 2024 World Health Organization. Published by Elsevier Ltd. All rights reserved. This is an Open Access
article published under the CC BY 3.0 IGO license which permits unrestricted use, distribution, and reproduction in
any medium, provided the original work is properly cited. In any use of this article, there should be no suggestion that
WHO endorses any specific organisation, products or services. The use of the WHO logo is not permitted. This notice
should be preserved along with the article’s original URL.

Introduction
Conditions can affect the nervous system throughout

cerebrovascular and neurodegenerative  diseases,
neurological infections, neurological-immunological

life, for example by disrupting brain growth; damaging
the brain, spinal cord, or peripheral nerves; and
impairing cognitive, sensory, socioemotional, and motor
function and behaviour. This diverse group of conditions
includes congenital and neurodevelopmental disorders,

disorders, neuromuscular or peripheral nervous system
disorders, traumatic injuries, and cancers of the nervous
system, for brevity summarised as neurological disorders
or nervous system conditions. These disorders vary in
cause, symptoms, and course. Some nervous system
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Research in context

Evidence before this study

We searched PubMed between Jan 1, 1980, and Oct 22, 2023,
to identify studies that assessed trends in nervous system
health loss globally, with the search string (“nervous
system”[Title] OR “neurological"[Title]) AND
(“prevalen*”[Title/Abstract] OR “inciden*"[Title/Abstract] OR
“death*"[Title/Abstract] OR “burden”[Title/Abstract]) AND
(“global"[Title] OR “international”[Title]). Results yielded
studies that either looked at a small subset of conditions, such
as only cancers or COVID-19, looked at single geographies, or
used Global Burden of Disease, Injuries, and Risk Factors Study
(GBD) results. Previous GBD reports on the global, regional, and
national burden of neurological disorders covered a period from
1990 to 2016 and were limited to 15 conditions. In 2016,
neurological disorders ranked as the leading cause of DALYs and
the second-leading cause of death. The largest contributors to
DALYs were stroke, migraine, and Alzheimer’s disease and other
dementias. Other research groups used GBD 2019 results to
quantify 18 neurological disorders or smaller geographies.
Previous analyses excluded neurodevelopmental conditions
that frequently cause lifelong disability, and neurological
complications from conditions that affect multiple body
systems, such as diabetes, syphilis, malaria, or more recently
COVID-19 and Zika virus disease.

Added value of this study
This study extends previous evidence by including important
neurological and neurodevelopmental disorders that were

conditions cause lifelong disability, whereas others are
associated with high fatality rates; some are treatable or
preventable, whereas for others there is no cure.

Increased life expectancy is arguably one of the greatest
achievements of health systems around the world.
However, this increase has also led to increases in
age-related neurological disorders, such as Alzheimer’s
disease and other dementias, stroke, and Parkinson’s
disease, necessitating global health policies not only to
focus on survival but also to minimise health loss due to
disability by promoting function and independence. Not
all neurological burden is associated with population
ageing,' rendering it important to quantify the overall
health loss associated with nervous system conditions
throughout the lifespan.?

In response to the growing burden of nervous system
disorders and conditions worldwide, the World Health
Assembly adopted the Intersectoral Global Action Plan on
Epilepsy and Other Neurological Disorders 2022—2031
(IGAP) in May, 2022.° The action plan aims to “reduce
the stigma, impact and burden of neurological disorders,
including their associated mortality, morbidity and
disability, and to improve the quality of life of people with
neurological disorders, their carers and families”.?

In the Global Burden of Disease, Injuries, and Risk
Factors Study (GBD), nervous system disorders and
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previously not considered and by adding consequences of
non-neurological conditions that affect the nervous system,
bringing the total number of included conditions to 37. This
study estimated the proportion of nervous system burden that
was potentially avertible by eliminating known risk factors for
stroke, Alzheimer’s disease and other dementias, multiple
sclerosis, Parkinson’s disease, encephalitis, meningitis, and
idiopathic intellectual disability but also emphasises the
scarcity of knowledge about risk factors for nervous system
conditions.

Implications of all the available evidence

Until recently, the nervous system has not been a focus of
global public health discourse. Quantifying the global burden
associated with nervous system health loss aids policy making
and helps to lift brain health onto the public health agenda.
With the adoption of the Intersectoral Global Action Plan on
Epilepsy and Other Neurological Disorders 2022-2031 by the
World Health Assembly, the prevention, early identification,
diagnosis, treatment, and rehabilitation of disorders that affect
the nervous system have been brought into focus. This study
provides the latest evidence to guide ongoing advocacy and
awareness efforts. Additional research on modifiable risks, and
support for adequate facilities and workforces in managing
nervous system conditions, is necessary for equity and access to
quality care. As the leading cause of DALYs, affecting

more than 40% of the global population, nervous system
health loss should be a public health priority.

conditions are spread across many disease groupings.
The basic GBD grouping of neurological disorders
includes Alzheimer’s disease and other dementias,
headaches, idiopathic epilepsy, motor neuron disease,
multiple sclerosis, Parkinson’s disease, and a residual
group of other neurological disorders that includes, for
instance, muscular dystrophy and Huntington’s disease.
Using GBD 2015 and 2016 estimates, Feigin and
colleagues previously provided more comprehensive
estimates of neurological health loss than the basic
GBD grouping by also including stroke, meningitis,
encephalitis, tetanus, traumatic brain injury, spinal cord
injury, and brain and CNS cancers."* Other researchers
used GBD 2019 estimates to look at 18 neurological
disorders or specific geographies.’* However, a
proportion of global neurological burden stems from
neurodevelopmental disorders, which traditionally have
been classified in GBD under mental health or neonatal
conditions, and from childhood infections. Both
infections and neurodevelopmental disorders are often
associated with lifelong disability.” Furthermore, some
peripheral neuropathies were not previously captured
within the neurological burden.

Additionally, as shown by the COVID-19 pandemic,*’
emerging and re-emerging infectious diseases are
becoming an increasing global concern. For example,
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See Online for appendix

vector-borne viruses such as Zika virus,” Japanese
encephalitis virus," and West Nile virus® are increasing
their geographical spread owing to climate change and
constitute a notable global public health threat. These
infections, often targeting the nervous system directly,
cause both mortality and neurological morbidity, with
an especially high burden in low-income and middle-
income countries (LMICs).”

This Article aims to create an estimate of the burden
of disorders and conditions that affect the nervous
system using an expanded group of GBD conditions,
cause categories, and disease consequences compared
with previous analyses. This manuscript was produced
as part of the GBD Collaborator Network and in
accordance with the GBD Protocol.

Methods

Overview

GBD 2021 quantifies health loss for 371 diseases in
204 countries and territories, including measures of
prevalence, disease severity, and death that together
constitute a comprehensive assessment of disease
burden. The analysis presented here groups conditions
that affect the CNS and peripheral nervous system for
which neurological consequences can be isolated in
GBD (table 1). The conditions included here are not an
exhaustive list; we were unable to include neurological
consequences from some conditions, for example HIV
or adrenoleukodystrophy, because they could not be
explicitly estimated in GBD at this stage. However, this
analysis is the most comprehensive attempt to capture
neurological health loss to date. Broadly, and as outlined
in the IGAP, these conditions include: neurodevelop-
mental disorders;* neurological disorders (eg, stroke or
Alzheimer’s disease and other dementias); and neuro-
logical consequences of other congenital, neonatal,
metabolic, or infectious diseases. Neurological
consequences captured in this analysis include
intellectual disability, cognitive impairment, motor
impairment, epilepsy, microcephaly, neuropathy, and
sensory deficits resulting from neonatal insults
(described by condition in appendix p 5). For example,
persistent cognitive symptoms and Guillain-Barré
syndrome after COVID-19 were included in the analysis,
but ongoing fatigue or respiratory symptoms due to
COVID-19 were not included. Methods that were used to
isolate nervous system health loss for conditions with
neurological and non-neurological outcomes are
described later in this section. Other neurological
disorders is a residual category (appendix pp 5-6) that
encompasses conditions that affect the CNS and
peripheral nervous system but are not explicitly
modelled as isolated diseases in GBD because of
resource constraints. The category broadly includes
unspecified disorders of the nervous system, some
degenerative or demyelinating diseases, disorders of the
autonomic nervous system, some movement disorders,

spinocerebellar diseases, nerve root and plexus
disorders, peripheral nerve disorders, some neuro-
muscular disorders, and muscle diseases, such as
myopathies (appendix pp 5-6, 63—64). Epilepsy estimates
exclude epilepsy cases that are captured under other
conditions to avoid double counting. A Guidelines for
Accurate and Transparent Health Estimates Reporting
checklist is included in the appendix (pp 2-5).

Prevalence estimates

GBD attempts to acquire all available population-
representative studies, large-scale surveys, censuses,
insurance claims, and hospital records that catalogue
incidence and prevalence for each condition. The
number of data sources that inform non-fatal estimates
for each condition are summarised in the appendix
(pp 6-7). For each condition, a reference case definition
and data collection method was set. Data collected with
non-reference methods were adjusted to the reference
case definition using regression analyses assessing
systematic bias. Case definitions and International
Classification of Disease (ICD) codes used in non-fatal
analyses are described in the appendix (pp 8-16).

For most conditions, Bayesian models were used to
estimate incidence and prevalence across time,
geography, age, and sex, on the basis of data and relevant
predictive covariates. Modelling details vary by condition
but generally use a Bayesian meta-regression tool called
Disease Modelling Meta-Regression (DisMod-MR) 2.1.%
Details of Dismod-MR 2.1 are in the GBD 2019 capstone
appendix 1, section 4.5 of reference 9," and described in
the appendix (p 16). Predictive covariates included in
models for individual conditions and details on
geographical categories are also described in the
appendix (pp 16-18). By including remission rates in the
GBD modelling approach, we counted cases as being
prevalent only if they were still a case, and we further
accounted for transient versus progressive conditions in
the case definition (appendix pp 8-14) and assessment of
burden. Details of the modelling approach of three
conditions with episodic occurrence (ie, migraine,
tension-type headaches, and epilepsy) are in the
appendix (p 20).

This Article describes prevalence, which reflects
incidence and duration. Duration in turn is determined
by mortality and remission rates and reflects disease
severity and access to care. Total prevalence for each
condition was split into more granular categories,
termed sequelae, to capture different levels of severities
and different possible health outcomes (appendix
pp 21-48). For example, Parkinson’s disease prevalence
was proportionally split between three sequelae (ie,
mild, moderate, and severe).” For conditions that are not
purely neurological, such as COVID-19, only relevant
neurological sequelae were included. Further details on
non-fatal methods for these conditions and diseases are
shown in the appendix (pp 5-62).
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Case aggregation and comorbidity corrections

The total number of prevalent cases for each individual
condition was calculated by aggregating cases for all
underlying sequelae. For wholly neurological conditions,
the aggregate of sequela-level cases equalled the total
number of cases for the overall condition. For conditions
with both non-neurological and neurological health loss,
the aggregate number of cases for sequelae with nervous
system health loss was a subset of the total number of
cases. For example, only a subset of all individuals with
long-term consequences of COVID-19 in 2021 had
neurological sequelae captured in GBD, such as cognitive
impairment or Guillain—Barré syndrome (details of
analysis linking Guillain-Barré syndrome as an outcome
from COVID-19 infection are shown in appendix p 62).
The total cases of cognitive impairment due to
COVID-19 included in this analysis equals the total
number of people who had cognitive impairment or
Guillain—Barré syndrome attributed to COVID-19, but
calculation of years lived with disability (YLDs) excludes
any additional health loss in these individuals due to
acute COVID-19 symptoms, fatigue, or ongoing
respiratory problems.

A comorbidity correction was used to calculate total
prevalence of all nervous system conditions and disorders
combined, assuming independent comorbidity. Without a
comorbidity correction, prevalence would be overestimated
because individual conditions or disorders would be
assumed to be non-overlapping (ie, one condition or
disorder per individual). The total number of people with
any nervous system health loss was then calculated by
multiplying by the number of people in the population:
prevalence, = 1-[(1-prevalence )* (1-prevalence,,, ;o)
*...(1-prevalence,,,ions) -

condition1

YLDs due to nervous system health loss

The YLDs measure of non-fatal burden allows for
comparison of relative health effects between disparate
diseases. Disability refers to the relative health loss
from a condition, as reflected in disability weights that
grade severity of health loss from none (ie, disability
weight of 0) to severe (ie, disability weight of 1, which is
equivalent to death).” YLDs account for both prevalence
and severity of health loss by multiplying sequela
prevalence by a sequela-specific disability weight. For
example, although tension-type headaches are highly
prevalent, the associated disability weight is relatively
low compared with those of many other neurological
conditions, which is reflected in the final YLD values.
As another example, the disability weight for mild
multiple sclerosis is 0-183, and that for severe multiple
sclerosis is 0-719 (a description of multiple sclerosis
disability weights is shown in appendix pp 55-56).
These weights are derived from population and internet
surveys where respondents were asked to indicate the
person that they believed to be healthier between
random pairs of hypothetical people, each with a brief

www.thelancet.com/neurology Vol 23 April 2024

IncludedinGBD 2016 ~ Mortality
analysis by Feiginand  included in this
colleagues* analysis
Alzheimer’s disease and other dementias Yes Yes
Attention deficit hyperactivity disorder No No
Autism spectrum disorder No No
Cerebral malaria No No
Cognitive impairment or Guillain-Barré syndrome due to No No
COVID-19
Congenital and adult neurosyphilis No No
Diabetic neuropathy No No
Encephalitis Yes Yes
Epilepsy Yes (idiopathic) Yes
Epilepsy due to cystic echinococcosis No No
Fetal alcohol syndrome No No
Guillain-Barré syndrome No Yes*
Idiopathic intellectual disability No No
Meningitis Yes Yes
Migraine Yes No
Motor neuron disease Yes Yes
Multiple sclerosis Yes Yes
Neonatal encephalopathy No Yes
Nervous system cancer (ie, CNS cancers, neuroblastoma, and ~ Yes (CNS) Yes
other peripheral nervous cell tumours; includes paediatric
and adult primary cases, and excludes metastases)
Neural tube defects No Yes
Neurocysticercosis No Yes
Neurological complications due to congenital birth defects No No
Neurological complications due to congenital Zika syndrome  No No
Neurological complications due to Down syndrome No No
Neurological complications due to Klinefelter syndrome No No
Neurological complications due to neonatal jaundice No No
Neurological complications due to neonatal sepsis No No
Neurological complications due to other chromosomal No No
anomalies (excluding Down syndrome, Klinefelter syndrome,
and Turner syndrome)
Neurological complications due to preterm birth No No
Other neurological disorders (including degenerative Yes Yes
diseases, disorders of the autonomic nervous system, some
movement disorders, spinocerebellar diseases, nerve root and
plexus disorders, peripheral nerve disorders, neuromuscular
disorders, and some muscle diseases such as myopathies;
appendix pp 5-6)
Parkinson’s disease Yes Yes
Rabies No Yes
Spinal cord injury Yes No
Stroke (ie, ischaemic stroke, subarachnoid haemorrhage, and ~ Yes Yes
intracerebral haemorrhage)
Tension-type headache Yes No
Tetanus Yes Yes
Traumatic brain injury Yes No

*Guillain-Barré syndrome deaths not ascribed to an underlying cause are captured in the category of other

neurological disorders.

Table 1: Conditions included in our analysis of nervous system health loss
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lay description of health states included in GBD. Disability
weights and lay descriptions for all health states included
in this analysis are described in the appendix (pp 49-61).
To account for the fact that individuals can have more than
one condition, we did a simulation to produce adjusted
disability weights on the basis of the observed combi-
nations of comorbidities generated by the simulation.

For sequelae that include both neurological and non-
neurological health loss, YLDs were recalculated to isolate
the non-fatal burden attributable to nervous system health
loss. For example, sequelae of Down syndrome include
severe intellectual disability with congenital heart disease
due to Down syndrome (sequela 1) and severe intellectual
disability due to Down syndrome (sequela 2). To isolate the
neurological component of sequela 1, the adjusted
disability weight generated from the comorbidity
simulation for sequela 2 was used to recalculate YLDs by
multiplying the prevalence of sequela 1 by the adjusted
disability weight for sequela 2. This method was used to
calculate YLDs for all sequelae with combined neurological
and non-neurological health loss to isolate the burden due
to nervous system health loss.

Calculating deaths and years of life lost

Deaths were estimated for 15 neurological conditions
(table 1). An overview of data and modelling methods is
shown in the appendix (pp 62-66). Total sources included
for each individual condition are in the appendix
(pp 62-63); ICD-9 and ICD-10 mapping for each condition
and predictive covariates included in models are in the
appendix (pp 63-66).

Causes of death in GBD are mutually exclusive and
collectively exhaustive, meaning a given individual is
assigned only one underlying cause of death and the sum
of all disease-specific deaths adds up to total deaths for a
given year. Years of life lost (YLLs) were calculated for each
condition by multiplying deaths and remaining standard
life expectancy.” This measure captures premature death,
meaning that a death at a young age, for example from
neonatal encephalopathy, leads to more YLLs than a death
at older ages, such as from Alzheimer’s disease and other
dementias. Disability-adjusted life-years (DALYs) were
calculated as the sum of YLDs and YLLs by year, age, sex,
and location, and represent the combined non-fatal and
fatal burden of each condition. For conditions where we
did not ascribe deaths (eg, headaches or conditions such
as preterm birth where we included only long-term
neurological outcomes), DALYs are equal to YLDs.
Percentage of deaths and DALYs that occurred in LMICs
were calculated using World Bank income levels, which
are based on gross national income per capita.

Risk factors

GBD assesses the degree to which risk factors contribute
to disease burden by identifying how disease DALYs
would change given a theoretical minimum risk exposure
level.” The contribution of preventable risk factors to

DALYs was quantified for eight conditions: stroke,
Alzheimer’s disease and other dementias, multiple
sclerosis, Parkinson’s disease, idiopathic epilepsy,
meningitis, encephalitis, and idiopathic intellectual
disability. We did not include conditions that are not
wholly neurological, for examples diabetes, as we could
not ascribe risk contribution specific to neurological
health states. The number of risk factors assessed in GBD
2021 varies by condition on the basis of evidence of
association and available data. Exposure to a given risk
was estimated for each location, age, sex, and year using
regression modelling, and relative risk curves were
computed by pooling data from studies assessing a given
risk—outcome pair, such as intervention, cohort, and
case—control studies. For each risk—outcome pair, risk
exposure and relative risk analyses were used to calculate
population attributable fraction. Attributable DALYs were
then calculated, defined as the expected decrease in
disease burden if risk exposure had equalled the
theoretical minimum risk exposure level. Total
attributable burden across all risks for a given outcome
accounted for mediation effects but not potential
synergistic effects.

Mean estimate, uncertainty, and percentage change
calculation

Estimates were calculated 500 times by sampling the
posterior distribution of the estimate (termed draws) at
each step in the modelling process, and all calculations
were performed by draw. Mean estimates for each year,
age, sex, and location were taken from the distribution of
100 estimates, and 95% uncertainty intervals (UI) were
taken as the 12-5th and 487-5th ordered draws. Age-
standardised estimates were calculated using standard
GBD population age weights.” Percentage change
between 1990 and 2021 was calculated by subtracting
1990 estimates from 2021 estimates and dividing the
difference by 1990 estimates.

Role of the funding source

The funder of the study had no role in the study design,
data collection, data analysis, data interpretation, or
writing of the report.

Results

Overview

An estimated 3-40 billion (95% UI 3-20-3-62)
individuals had a condition affecting the nervous system
in 2021, corresponding to 43 -1% (40-5-45-9) of the world
population (table 2). These conditions caused
11-1 million (9-75-13-8) deaths and contributed to
168 million (114-243) YLDs and 275 million (247-316)
YLLs. With a total of 443 million (378-521) DALY, this
expanded nervous system category was the top-ranked
contributor to global DALYs and YLLs in GBD 2021,
followed by cardiovascular diseases (excluding stroke;
unpublished estimates, GBD 2021 Diseases and Injuries
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Collaborators). The grouping of 15 conditions or
disorders published in previous analyses' contributed
313 million (260-379) DALYs, or 70-5% (66-9-74-6) of
the total neurological DALYs reported here for 2021.
Newly added neurological conditions contributed
2-14 million (1-53-2-82) DALYs, or 0-5% (0-4-0-6) of
total neurological DALYs; neurodevelopmental and
paediatric  conditions  contributed 80-3 million
(69-6-92-5) DALYs, or 18-2% (15-3-21-2); and other
conditions that include neurological health loss
contributed 48-1 million (34-1-64-8) DALYs, or 10-8%
(8-1-13-6) of total neurological DALYs. The percentage
contribution of original and newly added groups of
conditions to total DALYs is shown in the appendix (p 67).
The original category of 15 conditions would have still
been the top-ranked contributor to global DALYs in GBD
2021 even without the addition of new conditions. The
expanded category was also the first-ranked contributor
to global YLDs, followed by musculoskeletal disorders
(unpublished estimates, GBD 2021 Diseases and Injuries
Collaborators).

For total nervous system health loss, global DALY
counts increased by 18-2% (95% UI 8.7 to 26-7), from
375 million (339-419) DALYs in 1990 to 443 million
(378-521) DALYs in 2021 (table 2). By contrast, age-
standardised DALY rates decreased by 27-0%
(21-5 to 32-4), from 7712:5 (6965-3 to 8626-0)
per 100000 people in 1990 to 5637-6 (4829-7 to 6587-9)
per 100000 people in 2021. Global YLLs remained almost
constant, with a change of -3-1% (-11-8 to 7-7)
from 284 million (268 to 302) YLLs in 1990 to 275 million
(247 to 316) in 2021. By contrast, age-standardised
YLL rates decreased 39-0% (33-2 to 44-3), from 5853-3
(5525-9 to 6272-7) per 100000 people in 1990 to 3573-3
(3190-9 to 4134- 3) per 100 000 people in 2021. Global YLDs
increased 85-6% (75-8 to 98-0), from 91-0 million
(58-6 to 134) YLDs in 1990 to 168 million (114 to 243)
in 2021. Age-standardised YLDs rates increased by 11-2%
(72 to 16-3), from 1859-4 (1217-7 to 2701-4)
per 100000 people in 1990 to 2064-1 (1390-0 to 2983-1)
per 100000 people in 2021 (table 2; appendix pp 68-69).

Regionally, age-standardised DALY rates were highest
in western sub-Saharan Africa (8190-6 [95% UI
6986-0-9548-9] per 100000 people) and central sub-
Saharan Africa (7967 - 5[6665 - 8-9546 - 6] per 100 000 people)
and lowest in Australasia (2882-6 [2253-6-3717-3]
per 100000 people) and high-income Asia Pacific (2984-6
[2359-4-3768-2] per 100000 people; appendix pp 70-78),
with large differences observed for children younger than
S years. For example, DALY rates for children younger
than 5 years were approximately 18-fold higher in western
sub-Saharan Africa (29334-5 [23721-8-35170-5]) than in
Australasia (1604-1 [1405 - 5-1846-4]), driven by conditions
including neonatal encephalopathy, meningitis, and
encephalitis. Age-standardised YLDs were similar between
regions, ranging from a minimum in east Asia of 1698-6
(1133-9-2446-0) per 100000 people to a maximum in the

www.thelancet.com/neurology Vol 23 April 2024

Caribbean of 2327-5 (1571-2-3295-6) per 100000 people.
Age-standardised YLLs had greater regional variation,
ranging from a minimum in Australasia of 1098-9
(910-3-1456-4) to a maximum in western sub-Saharan
Africa of 6163-8 (5131-0-7314-6; appendix pp 70-79).
Using World Bank income levels, 81-9%
(77-5-84-9; 9-10 million of 11-1 million) of deaths and
84.7% (83-1-86-3; 375 million of 443 million) of DALYs
attributable to neurological conditions were in LMICs.

The ten conditions that accounted for the greatest
nervous system DALYs in 2021 were stroke, neonatal
encephalopathy, migraine, Alzheimer’s disease and other
dementias, diabetic neuropathy, meningitis, epilepsy,
neurological complications due to preterm birth, autism
spectrum disorder, and nervous system cancer, with
stroke being the greatest contributor globally and
in 19 of 21 GBD regions (table 2; figure 1). Notably, four
of the top ten conditions were not included in our
previous analyses of neurological burden: neonatal
encephalopathy, diabetic neuropathy, neurological comp-
lications due to preterm birth, and autism spectrum
disorder, which emphasises the effects of early life and
childhood conditions on total nervous system health
loss and the under-recognised effects on the peripheral
nervous system.

Regional rankings across conditions were mostly
consistent (figure 1). Exceptions included regional
variation for meningitis (regional ranking range:
third to 22nd), tetanus (range: 11th to 35th), multiple
sclerosis (range: 15th to 31st), and motor neuron disease
(range: 15th to 34th). Some infectious disease rankings
reflected their regional pathogen endemicity (eg, cerebral
malaria, neurocysticercosis, and neurological compli-
cations due to congenital Zika syndrome).

For children younger than 5 years, the three leading
causes of DALYs globally were neonatal encephalopathy
(8316-7 [95% UI 7072-6-9991-8] per 100000 people),
meningitis (1234-9 [869-5-1741-7] per 100000 people),
and neural tube defects (722-6 [580-8-899-4]
per 100000 people). For older children and adolescents
aged 5-19 years, the three leading causes of DALYs were
migraine (380-0 [24-7-946-6] per 100000 people),
neurological complications due to preterm birth (234-3
[168-4-305-2] per 100000 people), and epilepsy (185-1
[137-0-261-7] per 100000 people). For adults aged
20-59 years, the leading causes were stroke (1126-1
[1035-5-1218-4] per 100000 people), migraine (750-8
[117-3-1617- 8] per 100000 people), and diabetic neuro-
pathy (260-5 [171-9-387-6] per 100000 people), and for
adults aged 60-79 years, the leading causes were
stroke (8490-9 [7827-5-9108-6] per 100000 people),
Alzheimer’s disease and other dementias (1504-2
[746-6-3345-6] per 100000 people), and diabetic
neuropathy (1397-3 [911-8-1930-8] per 100000 people).
For adults aged 80 years and older, the leading
causes were stroke (20336-1 [17762-6-22137-4
per 100000 people), Alzheimer’s disease and other
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Counts (thousands) Age-standardised rate (per 100 000 people)
2021 Percentage change, 2021 Percentage change, Females Males Female-to-male
1990-2021 1990-2021 ratio*

All neurological conditions
DALYs 443000 182% 5637-6 -27-0% 5185-8 61010 0-85

(378000 to 521000) (8-7t0267) (48297 to 6587-9) (-32:4t0-21.5) (4281-2t0 6262-9) (53202 t0 6982.7) (0780 0:93)
YLDs 168000 85-6% 20641 11-2% 2078-2 2043-6 1.01

(114000 to 243 000) (75-8t0 98-0) (1390-0t0 2983-1) (72t016-3) (1301:3t03133-1) (1439-2t0 2832-7) (0-88t01-14)
YLLs 275000 -3-1% 35733 -39-0% 3107-4 4057-2 077

(247000t0316000)  (-11-8t077) (3190-9 to 4134-3) (-443t0-33-2) (27551 t0 3604-8) (3574-4to 4576-6) (071t0 0-84)
Prevalence 3400000 58-8% 412041 1.5% 434585 389490 112

(3200000 t0 3620000) (56-3to 61-5) (38654-3t043869-9) (0-7t02-4) (40796-2t0 46078-7) (36503-4t041604-7) (110to1-14)
Deaths 11100 41-2% 139-0 -33:-6% 125.0 154-6 0-81

(9750 to 13 800) (28-1t058-8) (1213t0173-3) (-38-8t0-27-6) (1051t0 161-2) (136:0t0 1867) (07310 0-90)
Alzheimer’s disease and other dementias
DALYs 36300 168.7% 450-9 1.7% 504-8 372:4 1.37

(17200 to 77 400) (156-3t0 179-9) (212:910 956-8) (-2:8t05-1) (241-5t01062-7) (170-8 to 806-4) (126 t0 1-46)
YLDs 11600 162:7% 141-9 2:6% 1619 114-4 1-42

(7960 to 15300) (157-0t0 168-0) (97-7t0187-2) (11t03-6) (1107 to 214-8) (78-5t0151-2) (1-33t01-49)
YLLs 24700 173-4% 3089 1-4% 3429 258-0 136

(6370 to 65700) (153-2t0192-5) (78-9t0 789-0) (-4-1to 7-4) (89-2to 872:0) (62-8t0 674-5) (1-22t01-47)
Prevalence 56900 160-8% 694-0 32% 769:9 5895 131

(49400 to 65000) (156-1t0165-9) (602:9t0794-1) (1710 42) (670710 877-6) (5075 to 678-8) (1-28t0135)
Deaths 1950 198-3% 252 1.5% 27.9 207 138

(503 to 5080) (175-2t0 221-8) (6-7to 64-4) (-4-0to7-1) (7-5t070-1) (5-2t0 55-1) (124 t01-49)
Attention deficit hyperactivity disorder
YLDs 1030 18:7% 135 -9:6% 77 19-0 0-40

(5720 1670) (14-8t0 22-8) (7-4t021:9) (-11-9t0-73) (4-21012:7) (10-4t0307) (0380 0-43)
Prevalence 84800 18-8% 11089 -9:7% 636-0 15617 0-41

(63400 to 117 000) (14-9t023-2) (828-7t01536-2) (-11-8 to -7-4) (467-9t0 879-0) (1172:5t0 2151.7) (0390 0-43)
Autism spectrum disorder
YLDs 11500 467% 147-6 21% 945 199-8 0-47

(7840 t0 16 300) (44510 48-5) (100-2t0 208-1) (0-6t03-4) (64-6t0133-1) (136-3t02817) (0-46 t0 0-49)
Prevalence 61800 47-5% 7883 2:0% 508-1 1064-7 0-48

(52100 to 72700) (45-1t0 49-4) (663-8t0 927-2) (0-4t031) (4246 t0 604-3) (89850 12457) (0-46 to 0-50)
Cerebral malaria
YLDs 407 109-1% 53 53:6% 56 50 112

(296 to 514) (98-6t0120-1) (3-9t0 67) (45-6 10 61.5) (41t07-1) (3-6t06:3) (1:08 t0 1-16)
Prevalence 996 122:2% 129 63-0% 13-8 12:1 114

(923t01070) (116-4t0128-1) (12:0t013-9) (58710 67-4) (127t014-9) (11-2t013-1) (113t0 1-15)
Congenital birth defectst
YLDs 1450 53-4% 187 8.9% 15.9 214 074

(67610 2750) (48310 58-4) (8-8t035-4) (55t012-4) (7-4t030-4) (102t039-9) (0-69 to 0-80)
Prevalence 13900 56-0% 180-2 11-4% 157-0 203-0 0-77

(7980 to 21600) (51-6 to 60-4) (1045 t0 2787) (8-6 t0 14-5) (90-4 0 243-6) (118-0t0 315-0) (07310 0-81)
Congenital Zika syndromet
YLDs 0-100 100-0% 0-0 100-0% 0-0 0-0 0-97

(0-100 to 0-100) (100-0 t0 100-0) (0-0t0 0-0) (100.0t0100-0)  (0-0to 0-0) (0-0t0 0:0) (0-93t01:02)
Prevalence 0-100 100:0% 0-0 100-0% 0-0 0-0 0-97

(0-100 to 0-200) (100-0 to 100-0) (0-0t0 0-0) (100-0t0100-0)  (0-0t0 0-0) (0-0t0 0-0) (0-97t0 0:97)
COVID-19t
YLDs 2480 100% 29-4 100-0% 369 197 1.84

(87-2t07990) (100to 100) (11t0101-1) (1000t0100-0)  (1-0t0122-8) (0-9t0 75-0) (0-97t0 3-35)
Prevalence 23400 100% 2885 100-0% 3709 2057 1.87

(4140 t0 72 800) (100 to 100) (50-5t0 899-2) (100-0t0100-0)  (64-3t0 1175:0) (35-8 t0 608-9) (132t02:61)
Cystic echinococcosist
YLDs 4-60 211% 01 -24-7% 01 01 1-21

(2:90t0 7-:00) (-0-3t0 48:3) (0-0t0 0-1) (-37-7t0-9-2) (0-0t0 0-1) (0-0t0 0-1) (114t01-27)
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Prevalence 151 45-2% 0-2 -10-7% 0-2 0-2 121

(11-5t019-3) (27-9t0 60-2) (01t00-2) (-19t0-2-0) (02t003) (01t00-2) (114 t0 1-27)
Diabetic neuropathy
YLDs 26300 309-1% 694-0 91-9% 769-9 5895 0-92

(18000 to 37400) (296-2 0 320-4) (602:9t0794-1) (86-3t0 97-3) (6707 to 877-6) (5075 to 678-8) (0-89t0 0-94)
Prevalence 206000 310-5% 3019 92:2% 289.7 3159 0-95

(171000 to 249 000) (297-4t0322:3) (207-0t0 429-4) (86-4t0977) (198-4 to 410-9) (216-4 10 449.9) (09210 0-97)
Down syndromet
YLDs 135 -4-5% 1.8 -24-2% 17 19 0-93

(89-8t0194) (-11-8 0 3-0) (1210 2:6) (-29:7t0-18-3) (1-2t0 2:5) (12t027) (0920 0-95)
Prevalence 1490 -5-4% 20-0 -24-6% 193 20-7 0-93

(1240t0 1780) (-12:6 t02:3) (16710 24-0) (-30-2t0-18-6) (16-1t022.9) (17-2t0 25.0) (0-91t0 0-94)
Encephalitis
DALYs 4950 -17-8% 67-4 -357% 67-2 67-7 1.01

(4150 to 5700) (-33-4t0 4-0) (55-7t078-3) (-47-8t0-19.0) (58-4t078-2) (50-6 to 83-5) (076 t01-26)
YLDs 497 5-0% 62 -29-9% 6-1 63 0-96

(354 to 658) (0-0t010-5) (4410 8-2) (-33-2t0-26-6) (43t0 8-1) (4510 8-4) (0-93 t0 1-00)
YLLs 4460 -19-7% 61-2 -36-2% 612 61-4 1.01

(3690 to 5280) (36410 4-6) (49-9t072:9) (-49-1t0-17-9) (51-9to 71:1) (4421076-2) (0740 1-31)
Prevalence 4640 07% 573 -35-6% 54.7 59.9 091

(3250 to 6000) (-3:0t05-3) (40-2t073-9) (-382t0-3-02) (38-7t070-3) (417t0777) (0-90t0 0-93)
Deaths 920 9-9% 12 -26-1% 1.2 12 098

(79-0t0 108) (-8:9t036-4) (1-0to1-4) (-38-0t0-8-3) (1-0to1-4) (0-9t01.5) (0-69t01-27)
Epilepsy
DALYs 14400 22-5% 1839 -14-6% 160-4 2072 0-77

(11000 to 18 500) (7:7t0387) (141-0t0 237-2) (-24-6t0-3-9) (118-3t0212-2) (161.9t0262-2) (0-67t0 0-86)
YLDs 7760 35-6% 98.9 -71% 94-4 1036 091

(4660 to 11 800) (7-1t0 67-6) (59-8t0149-8) (-25-8t013-7) (57-0t0142-9) (62:410157°5) (0-89t0 0-94)
YLLs 6610 10-7% 85-0 -21-6% 66-0 103-6 0-64

(5450 to 7340) (-0-6 t0 24-4) (707 t0 95.0) (-29-6 to-125) (47-6t0 76-6) (842t0117-2) (0-45t0 0-78)
Prevalence 24400 57-4% 308-9 6-2% 294-6 3238 0-91

(18600 to 30 800) (30-6t0 85-6) (236-2t0390-1) (-10-5t0 24-1) (224-6t03737) (249-0t0 406-4) (0-89t0 0-93)
Deaths 140 34-2% 17 -15-7% 14 21 0-64

(116 t0 153) (23310 45:8) (15t01.9) (-22:5t0-8-8) (1-0to1.5) (1-8t02:4) (0-46 t0 0-76)
Fetal alcohol syndrome
YLDs 23-6 24-0% 03 -11-1% 03 03 091

(13-8t037-0) (14-8t032-1) (0-2t0 0-5) (-17-4to -5-4) (0-2t00-5) (0-2t0 0-5) (0-84t0 0-99)
Prevalence 517 33-7% 6-7 -4:7% 62 71 0-88

(37410 677) (28-4t037-9) (4910 8-8) (-82t0-1-8) (4710 8-0) (51t09:5) (0-83t00-99)
Guillain-Barré syndrome
YLDs 49-0 71-3% 0-6 57% 0-6 07 0-86

(31-6t072:5) (61-4to 81.9) (0-4t0 0-9) (33t08-2) (0-4t00-8) (0-4t0 1-0) (0-84t0 0-89)
Prevalence 166 713% 2:0 57% 19 22 0-86

(1340 201) (61-4t0 81.9) (1710 2:5) (33t08-2) (15t02:3) (1-8t027) (0-84 10 0-89)
Idiopathic intellectual disability
YLDs 3810 16-3% 499 -13-6% 515 483 1.08

(1760 to 6520) (10-5t0 22:3) (23210 85-4) (-18-0t0-8-4) (255 t0 85-6) (20-8t0 84.7) (1:00 to 1-20)
Prevalence 88300 10-2% 1157-2 -18-0% 1204-4 11105 110

(47100 to 129 000) (57t013-7) (620-9t01688-1) (-21-1t0-157) (6887t01708-4) (554-5t01667-2) (1-02t0 1:24)
Klinefelter syndromet
YLDs 3-:00 30-5% 0-0 2:7% NA 0-0 NA

(1:50 to 5-80) (241t037:3) (0-0t0 0-0) (-17t0 6:7) (0:0t0 0-1)
Prevalence 230 30-2% 31 2:7% NA 61 NA

(158 to 320) (257 t034-6) (21t043) (13t04-2) (42t08-4)
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Meningitis
DALYs 14500 -56-0% 2085 -62:1% 1933 223-0 0-87

(11500 to 18700) (-63-6 to -45-5) (1636 t0 270-8) (-68:9t0-52-8)  (155-1t0 245-0) (167:7t0302-2) (0-69t01:03)
YLDs 603 -31-3% 7-8 -51-7% 7-6 79 0-97

(4250 791) (-34-3t0-28.0) (5:5t010-2) (-53-8t0-49-4)  (54t010:0) (56 t0 10-4) (0-95 0 1:00)
YLLs 13900 -56-7% 200-7 -62:5% 1857 2151 0-87

(11000 to 18 000) (-64-2t0-45-8) (156-5t0 262:5) (-69-3t0-52.9) (1469 t0 236-1) (160-0t0 294-1) (0-68t0103)
Prevalence 7270 -35-5% 923 -56-8% 885 96-1 0-92

(5930 to 9070) (-38-2t0-327) (75-2t0 114-8) (-58-6 to-55-1) (72-5t0109-7) (78-2t0120-0) (0-91to 0-93)
Deaths 214 -49-0% 29 -60-2% 27 32 0-87

(1770 266) (-56-6 t0-38-2) (2:4t037) (-66-3t0-51-7) (2:2t03-4) (2:5t0 41) (0-70t0 0-99)
Migraine
YLDs 43400 58.9% 5327 0-6% 662-8 403-9 1.62

(6740 to 95100) (537 t0 66-0) (80-7t01167-8) (-4-0t02:6) (93-8t01450-9) (67-5t0 872:6) (139t01.79)
Prevalence 1160000 582% 142465 1-6% 17902-6 106242 1.69

(996000t01330000)  (54-4to 62-6) (121941t0163787)  (03t02:6) (15446:0t020487:0) (9039-5t0122973)  (1-65to1.73)
Motor neuron disease
DALYs 1040 105-8% 122 8.5% 101 14-4 0-70

(962 t0 1120) (87-1t0125-9) (11210 13-2) (-0-6 t0 18-6) (9-3t011:1) (13-0t0 15-7) (0-62t0 0-77)
YLDs 579 68-4% 07 -1-4% 0-6 0-8 0-83

(4070 78-0) (61-6 t075-9) (0-5t01:0) (3410 07) (0-4t0 0-9) (0-5t01:0) (0-81t0 0-86)
YLLs 983 108-6% 11.5 9:2% 9-4 137 0-69

(903 t0 1070) (88:7t0130-2) (10-5t0 12-4) (-0-5t0 20-0) (8:7t0105) (1220 15:0) (0-61t0 0-77)
Prevalence 273 68-6% 33 -13% 30 36 0-83

(236t0314) (61-8t076-2) (2:9t03-8) (3310 0-9) (2:61t035) (32t0 4-2) (0-81t0 0-85)
Deaths 391 156-2% 05 19-9% 04 05 0-69

(35-6t0 42-4) (136-0t0 178-6) (0-4t005) (10-9t0 30-1) (0-3t0 0-4) (0-5t0 0-6) (0-62t00:77)
Multiple sclerosis
DALYs 973 69-5% 114 -11-0% 145 81 1.80

(836t01130) (63510 75-6) (97t013-2) (-14t0-8-0) (12410 16.9) (7-0t0 9:5) (17210 1-87)
YLDs 484 86-5% 57 -0-4% 75 39 193

(344 to 631) (78:9t0 94-5) (40to7-4) (-3-9to31) (53t09-7) (27t051) (1-86 t0 2-:00)
YLLs 490 55.7% 5.7 -19-5% 71 42 1.68

(465to0 513) (47310 63-9) (5-4t0 6-0) (-23-5t0-151) (67t07-6) (4-0to 4-5) (1540 1-80)
Prevalence 1890 88:1% 222 -0-3% 293 14-7 1.99

(1690 to 2110) (80-8t0 95'5) (19-8 to0 24-8) (3-6t0323) (262t0327) (13-0t0 16-6) (194 t0 2:05)
Deaths 16-3 79-1% 0-2 -12.7% 0-2 01 1.59

(15:3t0 17-0) (69-2t0 88-6) (0210 0-2) (-17-4t0-8-3) (0-2t00-2) (01t00-2) (146 t0 1.70)
Neonatal encephalopathy
DALYs 58600 -27-5% 9321 -26:5% 795-2 1060-2 0-75

(50100 to 69 000) (395 to-14-5) (797-5t011017) (38-9t0-13:0) (6751t0 942:3) (889:7t01259-1) (0-67t0 0-87)
YLDs 4280 1891% 55-2 107-0% 453 647 0-70

(3100 to 5590) (615 t0 348-9) (39-9t0721) (16-2t0 220-4) (32:5t059:5) (46-710 84-3) (0-68t0 0-72)
YLLs 54300 -315% 876-9 -29:2% 7499 9956 076

(46000 to 64 900) (-43-9t0-17-9) (743-6101056-6) (-42:0t0-15-3) (6277 to 895.0) (824710 1193-6) (0-67t0 0-88)
Prevalence 18600 1752% 2381 91-2% 188-4 286-6 0-66

(16100 to 21100) (94910 246-8) (206-3t0269-7) (37-2t0139-8) (163-5t0213-3) (2487 t0 325-4) (0-65t0 0-67)
Deaths 604 -31:5% 97 -29-2% 83 111 076

(511t0722) (-44-0t0-17-9) (8:3t0117) (-42:0t0-153) (7-0t010-0) (92t0133) (0-67t0 0-88)
Neonatal jaundicet
YLDs 718 80-0% 93 315% 95 92 1.03

(517 to 917) (69-8090-3) (6:7t011.9) (24:3t039-0) (6-8t012-1) (6-6t011-8) (1-01t0 1-05)
Prevalence 1960 102:7% 25.5 48-8% 25-6 254 1.01

(1800 to 2160) (95-8t0 109-0) (23-41028-2) (43-81053-5) (23-5t028-2) (233t028-1) (1:00t0 1:02)
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Neonatal sepsist
YLDs 2490 136:5% 323 70-4% 27-0 373 0-72

(1570 t0 3590) (32:3t0322:0) (20-3t0 46-5) (-4-5t0203-1) (17-1t0387) (23:5t054-0) (0-71t0 0-74)
Prevalence 7100 153-8% 921 833% 752 1083 0-69

(5140 to 9260) (515 t0 332:6) (66-8t0120-1) (95 t0 212:0) (54-710 97-7) (78-3t0141-4) (0-69 to 0-70)
Nervous system cancer
DALYs 9200 50-2% 111.8 -8:9% 96-8 1275 0-77

(7890 t0 10 600) (29-1t0 69-0) (95:5t0129-3) (-20-8t01-5) (86-4t0107-3) (97:7t0162-0) (0-60t0 1-00)
YLDs 132 111-8% 1.6 22:5% 1.5 1.7 0-86

(93-8to 174) (89-2t0133-2) (11to2-1) (9-0t034-4) (1-0t0 2-:0) (12t023) (0-70t0 1-08)
YLLs 9070 49-6% 110-3 -9-2% 953 125-8 0-77

(7750 t0 10500) (28-4t0 67-8) (93-9t0127-4) (-212t01:0) (85-1t0105-7) (96:3t0159-7) (0-60t0 1-00)
Prevalence 1030 117-1% 12.8 37.7% 125 132 0-95

(907 to 1140) (92:0t0140-4) (11210 14-2) (22:5t0513) (11-1t013:9) (10-4t0 15-9) (0-78t01-21)
Deaths 264 90:3% 31 1.3% 27 36 0-75

(226 t0 302) (67-8t0110-7) (27t03:6) (-9-8t011:9) (24t03-:0) (2:8t04-4) (0-59t0 0-96)
Neural tube defects
DALYs 5300 -47-3% 832 -477% 882 785 114

(431010 6510) (-59-0t0-24-7) (67-8t0102-5) (-59-5 to-25-1) (64-3t01181) (61-6 t0 104-5) (072t01-61)
YLDs 333 11-8% 4.5 -11.0% 46 4-4 1.03

(229 to 456) (52t0181) (3110 6-2) (-163t0-6-2) (3110 6-2) (31t0 61) (1:00to 1-06)
YLLs 4970 -49-1% 787 -49-0% 837 741 115

(3980 to 6430) (-61:3t0-26-5) (62:8t0 98-6) (-611t0-26-2) (60-7t0114-3) (56-9t0100-2) (0-71t0 1-65)
Prevalence 1130 11-2% 15-2 -12-2% 15-4 15-0 1.03

(965 to 1310) (4-4t017-7) (13-0t0 17-6) (-17-1t0-7-6) (132t017:8) (12:8t017-3) (1-00 t0 1-06)
Deaths 56-4 -48-6% 09 -48-8% 09 0-8 115

(453t072:8) (-60-9 to -25-7) (07t01-1) (-61-0t0-26-0) (07t01:3) (0-6t01-1) (0-71t01-66)
Neurocysticercosis
DALYs 1240 14-2% 146 -38-4% 156 136 115

(788 t0 1810) (-2:4t034-5) (9:3t021:3) (-46-7t0-28:5) (9:9t022:5) (8-8t020-0) (106 t01-22)
YLDs 1150 18:5% 136 -37:3% 14-6 12:6 117

(71410 1730) (0-6t041:3) (8-4t020-2) (-46-2t0-27-0) (9-1t0 21.5) (7-8t018-9) (109 t0 1-24)
YLLs 813 -22-0% 1.0 -48-4% 1-0 11 0-94

(54-1t0119) (-46-6t0113) (07t01:5) (-651t0-25-3) (0-5t01.5) (0-6t017) (0-44t01-61)
Prevalence 4360 43-7% 513 -251% 55.5 469 119

(3150 to 5720) (31-2t059-2) (37-2t0 67-3) (-29-0t0-19-7) (40-3t0 71-9) (33-7t063-1) (111t0 1-25)
Deaths 1-60 -16:7% 0-0 -50-0% 0-0 0-0 0-93

(1100 2:30) (-43-8t0177) (0-0t0 0-0) (-66-2t0-285)  (0-0t0 0-0) (0-0t0 0:0) (0-48t01:53)
Neurosyphilis
YLDs 64-9 17-3% 0-8 -18:5% 0-8 09 0-89

(42210 93-4) (4-81t031.0) (0-5t01-2) (-27-0t0-9-4) (0-5t01-1) (0-6t01:3) (0-83100-94)
Prevalence 696 38:5% 88 -61% 8.6 9-0 0-95

(563 to 857) (25-0t0 53-3) (7-1t010-8) (-15-5t0 4-0) (6-9t0 10-6) (7-3t0 11-0) (0-93t0 0-97)
Other chromosomal anomaliest
YLDs 295 7-3% 41 -12-8% 33 47 0-71

(196 to 417) (23t012:4) (27t057) (-16-8to-87) (22t047) (3110 6.9) (0-59t0 0-86)
Prevalence 3280 6:2% 452 -13-0% 370 52.8 071

(288010 3760) (0-9t0112) (39:5t0 52:0) (-17-2t0-9-0) (32-4t0 43-0) (44210 62-9) (0-59t0 0-85)
Other neurological disorders
DALYs 4360 131-0% 54.8 50-7% 51.8 57-8 0-90

(3630 to 5270) (107:3t0 155-5) (45:3t0 66:6) (35-4t0 65-5) (42710 63-2) (48-0t0 69-4) (0-84t00-96)
YLDs 2010 153-8% 25.5 70-6% 253 25:6 0-99

(13300 2870) (110-9t0 197-8) (16-8t036-6) (43-81098-8) (16-6t036-2) (16-8t036-9) (0-96 t0 1-02)
YLLs 2330 116-0% 290 37:6% 263 32:0 0-82

(208010 2510) (83-3t0140-8) (25:9t0 31-4) (18:3t052.7) (22710 28:9) (29-0t0 34-8) (07410 0-93)

(Table 2 continues on next page)
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Counts (thousands) Age-standardised rate (per 100 000 people)
2021 Percentage change, 2021 Percentage change, Females Males Female-to-male
1990-2021 1990-2021 ratio

(Continued from previous page)
Deaths 715 189-8% 09 50-1% 0-8 1.0 0-78

(65-0to 76-4) (157-8 t0 214-6) (0-80 0-9) (3510 61-2) (0710 0-8) (09to1-1) (0710 0-85)
Parkinson’s disease
DALYs 7470 161-8% 896 10-0% 68-6 1175 0-58

(6730 to 8140) (145-8t0 177-0) (80710 97-5) (37t016:1) (60710 75-8) (106-2t0128-5) (0-53t0 0-64)
YLDs 1670 2712% 19-6 60-6% 16-1 239 0-67

(1170 to0 2210) (256-9 to 284-4) (13-9t025-9) (54-3t0 65-9) (11-4t021-2) (17-0t0 31-5) (0-65t0 0-69)
YLLs 5800 141-4% 700 1.0% 525 935 0-56

(5250 to 6260) (124-0t0 158-5) (63-0t075-2) (-59t07-5) (45-41058.0) (84-6t01017) (0-50t0 0-63)
Prevalence 11800 273-9% 138:6 60-7% 1145 1682 0-68

(10400 to 13400) (2602 t0 287-3) (123-1t0 157-6) (54-9to 66-2) (102-1t0129-8) (148-4t01917) (0-67t0 0-69)
Deaths 388 162-2% 4.8 41% 36 6-6 0-55

(34510 419) (143-6 t0 179-4) (43t052) (-27t0103) (3-0t0 4-0) (59t 7-1) (0-49 t0 0-61)
Preterm birtht
YLDs 13800 74-0% 1807 29-2% 1693 1914 0-89

(9950 to 17900) (61-9 to 85.0) (130-1t0 233-4) (20:3t037-7) (1226 t0218-2) (137-6 t0 247-7) (0-87t0 0-90)
Prevalence 97500 64-1% 1256-8 16-1% 11463 13639 0-84

(83000 to 112 000) (537t074-3) (107320 1445.9) (87t0237) (97820 1315-6) (1162-4 t0 1572-4) (0-83t0 0-85)
Rabies
DALYs 571 -59.0% 75 -69-9% 5.6 9-4 0-62

(32510 826) (-71-8 t0-44-1) (42t011.0) (-793t0-58-8) (3-0t0 9-9) (5:0t013-6) (0-26 t0 0-93)
YLDs 0-100 -54-3% 0-0 -69-8% 0-0 0-0 0-63

(0-00 to 0-100) (-66-5 t0 -40-4) (0-0t0 0-0) (-77-6 t0-61.0) (0-0t0 0:0) (0-0t0 0-0) (0-28 0 0-91)
YLLs 572 -59-0% 75 -69-9% 56 94 0-62

(32410 832) (-71:9 t0 -44-0) (42t011.0) (-79-2t0-58-8) (3-0t0 9-9) (5:0t013-6) (0-26t0 0-93)
Prevalence 0-400 -543% 0-0 -69-8% 0-0 0-0 0-63

(0-200 to 0-500) (-66-5 t0 -40-4) (0-0t0 0-0) (-77-6 t0-61.0) (0-0t0 0:0) (0-0t0 0-0) (0-28 0 0-91)
Deaths 101 -54-2% 01 -69-7% 01 0-2 0-62

(6-00t0 14-4) (-66-3t0-39-9) (01t00-2) (-77-4t0-60-7) (01t00-2) (01t00-2) (02810 0-91)
Spinal cord injury
YLDs 4570 28-9% 547 -242% 379 716 053

(3200 t0 6020) (24-0t033-9) (383t072-1) (-26:9t0-209) (26710 49.7) (50-5t0 93-6) (0-50t0 0-57)
Prevalence 15400 42-0% 1839 -17-8% 1315 236:6 0-56

(14000 to 17100) (37710 46:5) (167:3t0 204-2) (-20-4 t0-14-9) (118-6 t0 146-8) (2150 t0 262-3) (0-52t0 0-59)
Stroke
DALYs 160000 32:2% 1886-0 -387% 1578-2 22323 071

(148000 to 172 000) (21710 42:6) (1740-1t0 2017-3) (-43-4t0-34-0) (1431-4t0 1710-6) (2028-8 t0 2449.0) (0-641t0 0-78)
YLDs 15200 89:9% 1787 ~7-4% 175-6 1834 0-96

(11000 to 19 400) (85-9t0 94-0) (128-9t0 227-6) (-9-0t0-5-9) (126710 223-1) (13270 234-5) (0-94t0 0-98)
YLLs 145000 282% 1707-4 -40-8% 14026 2048-9 0-69

(134000 to 157 000) (1690 38-9) (15726 t0 1838-0) (-45-8 t0-35-8) (12636 t0 1527-5) (1866-9 to0 2253-8) (0-61t0 0-77)
Prevalence 93800 86-1% 10993 -8:5% 10277 1184-4 0-87

(89000 to 99300) (83-0t0 89-4) (1044210 1162-1) (-9-7t0-7-3) (974-4t01088-1) (112420 1252-1) (0-85t0 0-88)
Deaths 7250 44-1% 87-4 -39-4% 74-5 1031 0-72

(6610 to 7820) (32:6t056-2) (78-6t0 94-2) (-44-0t0-34-7) (66-0to 81-7) (931t0112-8) (0-64t0 0-81)
Tension-type headache
YLDs 4600 63-4% 557 -31% 62.0 493 134

(1350 to 15000) (49-6t0 69-5) (16:1t0185-1) (-4-810 0-9) (18-8 0 189-0) (13-5t0 172-4) (0-94t0 1-43)
Prevalence 2010000 56-4% 24764-8 -0-6% 256344 23880-8 1.07

(178000010 2270000) (527 to 60-2) (21863-6t0279547) (-13t00-2) (22631.5t0289743) (210462t0269351)  (1.06 to 1-09)
Tetanus
DALYs 1340 -91.7% 19-6 -92:6% 184 20-8 0-95

(633t02130) (-94-4t0-86-8) (9-1t031:9) (-949t0-88-0)  (8:6t0316) (8:3t036-8) (0-49t0 1-69)
YLDs 3-:00 -56-1% 0-0 -67-7% 0-0 0-0 0-91

(2:20t0 4-00) (-62:3t0-47-8) (0-0t0 0-1) (-72-1t0-61-9) (0-0t0 0-1) (0-0t0 0-1) (0-83t0 0-98)

(Table 2 continues on next page)
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Counts (thousands)

Age-standardised rate (per 100 000 people)

females. tNeurological complications related to this condition.

2021 Percentage change, 2021 Percentage change, Females Males Female-to-male
1990-2021 1990-2021 ratio

(Continued from previous page)
YLLs 1340 -91-8% 19-6 -92:6% 184 20-7 0-95

(64410 2180) (-94-4t0-86-3) (91t032:2) (-950t0-881)  (85t031:6) (8:3t036-8) (0-49t01-69)
Prevalence 377 -62:2% 05 -72-8% 0-4 05 0-83

(28510 49-2) (-66-3t0-581) (0-4t00-6) (-75-5t0-70-1) (0310 0-6) (0-4t007) (07910 0-87)
Deaths 213 -89-7% 0-3 -91-8% 03 0-3 0-85

(9:90t0 33-2) (-92-8t0-83-8) (0-1t0 0-5) (-94-2t0-87-2) (0-1t0 0-4) (0-1t0 0-6) (0-44t01:52)
Traumatic brain injury
YLDs 5490 52:2% 64-8 -16-4% 401 901 0-45

(38800 7340) (49-5t0 55-2) (45-8t0 86-8) (-17-7 to -15.0) (28-:5t0537) (63-5t0120-8) (0-43t0 0-46)
Prevalence 38000 52:7% 4486 -16-9% 2837 6174 0-46

(36400 to 39 800) (50-4t0 55-4) (429-9t0 470-3) (-18-0to-15-6) (270-2t0299-2) (592-2to 646-0) (0-45 t0 0-47)

Data are mean (95% uncertainty interval). Counts are provided to three significant figures, rates and percentages are provided to one decimal place, and ratios are provided to two decimal places. Due to
rounding, age-standardised rates for some rare conditions (eg, tetanus, rabies, neurocysticercosis, and congenital Zika syndrome) are shown as 0-0, but the actual values are higher than 0-0. To avoid double-
counting cases, epilepsy includes all epilepsy not due to other causes explicitly analysed here (eg, preterm birth), and Guillain-Barré syndrome excludes Guillain-Barré syndrome due to COVID-19, as these
estimates are included under COVID-19 estimates. DALYs=disability-adjusted life-years. NA=not applicable. YLDs=years lived with disability. YLLs=years of life lost. *Values higher than 1 indicate higher levels in

Table 2: Global DALYs, YLDs, YLLs, prevalence, and deaths per 100 000 people and age-standardised rates by neurological disorder category, 1990-2021

dementias (13 047-1[5903-4-27 898 - 8] per 100 000 people),
and Parkinson’s disease (1773-2 [1550-8-1925-0]
per 100000 people; table 3).

Temporal and sex patterns

Temporal trends between 1990 and 2021 in age-
standardised DALYs for individual conditions varied from
a maximum increase of 91-9% (95% UI 86-3-97-3) for
diabetic neuropathy to a maximum decrease for tetanus
of 92-6% (88-0-94-91 figure 2). Six conditions had
a 25-0% or larger increase in age-standardised DALYs
from 1990 to 2021: diabetic neuropathy, neurological
complications due to neonatal sepsis, cerebral malaria,
other neurological disorders, neurological complications
due to neonatal jaundice, and neurological complications
due to preterm birth. Eight conditions had a 25-0% or
larger decrease in DALYs in this time period: tetanus,
rabies, meningitis, neural tube defects, stroke, neuro-
cysticercosis, encephalitis, and neonatal encephalopathy.
Congenital Zika syndrome and COVID-19 did not exist
in 1990. In 2021, neurological complications due to
COVID-19 was the 20th ranked contributor to age-
standardised global neurological DALYs (figure 1). Of the
41-5 million (22-1-89-4) cases of neurological health loss
with infectious causes, 23-4 million (4-14-72-8) were
cases of COVID-19 with long-term cognitive symptoms or
Guillain—Barré syndrome. These COVID-19 cases
contributed 2-48 million (0-0872-7-99) DALYs.

In 2021, rates of age-standardised DALYs for the total
neurological category were lower in females (5185-8
[95% UI 4281-2-6262-9] per 100000 people) than in
males (6101-0 [5320-2-6982-7] per 100000 people;
figure 3; table 2), with a female-to-male ratio of 0-85
(0-78-0-93; figure 2). Age-specific rates show similar or
higher DALY burden in males than in females in most

www.thelancet.com/neurology Vol 23 April 2024

age groups, except for ages 90-94 years and 95 years and
older (figure 3). The three conditions with the largest
female-to-male ratios were cognitive impairment or
Guillain—Barré syndrome due to COVID-19 (1-84,
0-97-3-35), multiple sclerosis (1-80, 1-72-1-87), and
migraine (1-62, 1-39-1-79). Conditions with the smallest
female-to-male ratios were attention deficit hyperactivity
disorder (0-40, 0-38-0-43), traumatic brain injury (0-45,
0-43-0-46), and autism spectrum disorder (0-47,
0-46-0-49).

Risk factor contribution to neurological condition burden
18 risk factors were quantified for stroke, four for
encephalitis and meningitis, three for Alzheimer’s disease
and other dementias, and one each for multiple sclerosis,
Parkinson’s disease, idiopathic epilepsy, and idiopathic
intellectual disability (appendix p 80). Stroke DALYs
had the largest attributable burden globally (84-2%,
95% UI 78-2-88-8). The risk factor with the largest all-
age population attributable fraction for stroke was high
systolic blood pressure (57-3%, 42-7-68-4), and that for
Alzheimer’s disease and other dementias was high
fasting plasma glucose (14-6%, 1-2-29-4). Smoking
was associated with increased DALYs from stroke,
Alzheimer’s disease and other dementias, and multiple
sclerosis. The proportion of DALYs associated with
idiopathic epilepsy that was attributable to high alcohol
use was almost four times higher in males (10-8%,
7-8-13-8) than in females (2-9%, 1-8—4-0). Ambient
particulate matter pollution accounted for 16-7%
(11-6-21-0) stroke risk, and household air pollution
accounted for 11-3% (6-5-19-5) of stroke risk. The
largest attributable fraction was for lead exposure,
which accounted for 63-1% (33-3-81-1) of DALYs
associated with idiopathic intellectual disability burden.

355




Articles

©
=
[P} . -
g g2 <
2092 @ ] 3 <
o 0 € L3 < © S
(SR = S IS
EREE o g 2 < c =
[ ] £ h g s
— T c = o .= O <
= £ < =5 a9 <
S5 T S £ <O w
=R < c =] !
c B o (53] friy o] > BT Ne)
v © C = © C o ®© C 2
U o I -4 ® Vo © 2l
S 3 3 -
=2 S © © = o
9] ) w K L = =
= £ © 2 E = < =z
9 < B I © © = << < c
& = S S el < c
8 = bl > S -2 z c < e &
& T £ g 5 © | = g & =5 £
o] S < o £ £ £ ° k] & S <
o o < z c % < < < = © S S A K
(= Q (%) (9] p= o) = c [= @ [V, wv o A
© 9] 3 £ £ < 5 = = = S < . & 2 e
‘@ 5 S o) S S - 2 © - £~ © 9 © = o 2 @ >
< i i @ 9 9 c - ] 5 = + @ © ] 2 @ c 2
= = Pt © < < 5 < c 3 = = < < @ < I —= c 9} =
= [ [ 5 [ 1 1 < g 5] < [ g = < < c < [ 5 < ]
Q F=1 = L ] = < = 7 = 2 = a £ = oy © = = L = 2
o S G 2 s =2 2 3 ¢ | E 5 & 2°| 5| 3 2 S 3| &8 & 3 £
O o o w < . . %} = < o o = =z %] w o %] o w %] =

Stroke
Neonatal encephalopathy

Migraine

Dementia
Diabetic neuropathy
Meningitis
Epilepsy
Preterm birth*
Autism spectrum disorder
Nervous system cancer
Parkinson's disease -
Neural tube defects 4 12
Encephalitis4 13
Traumatic brain injury4 14
Tension-type headache-{ 15
Other neurological disorders 16
Spinal cord injury4 17

Idiopathic intellectual disability4 18 23 16 20 19 19 23 23 21 25
Neonatal sepsis*4 19 19 18 20 19 17 17 21 17 13 20
COVID-19* 4 20 17 19 17 21 21 13 14 17 16

Tetanusq 21

Congenital birth defects* 4 22
Neurocysticercosis{ 23

Attention deficit hyperactivity disorder+ 24
Motor neuron disease - 25

Multiple sclerosis4 26

Neonatal jaundice* - 27

Rabies- 28

Cerebral malaria -

29 26 22 29 27 20 20 11 26 18
26 22 19 23 24 22 24 24 23 23

Other chromosomal anomalies*
Down syndrome*

Neurosyphilis

Guillain-Barré syndrome

Fetal alcohol syndrome

Cystic echinococcosis*
Klinefelter syndrome*
Congenital Zika syndrome*

26 27 27 23 21 25 26 24 27 28 27 27

28 28 28 | 24 22 27 28 26 |28 29 28 28

28 28 29 29 29 29
29

Figure 1: Ranking of age-standardised DALY rates for all conditions with neurological health loss by GBD region in 2021

Regions are grouped by GBD super-region and alphabetically ordered. Individual conditions are ordered by global ranking from highest age-standardised DALY rates to lowest age-standardised DALY
rates. Dementia represents Alzheimer’s disease and other dementias. DALYs=disability-adjusted life-years. GBD=Global Burden of Diseases, Injuries and Risk Factors Study. *Rankings are isolated to
disease DALYs due to neurological complications, as opposed to DALYs attributed to the entire condition.

Discussion for GBD 2015 and GBD 2016' contributed

356

In 2021, 3-40 billion individuals had nervous system
health loss and 11-1 million individuals died from a
nervous system condition. This nervous system
category was the leading cause of DALYs and YLLs,
emphasising the enormous public health impact of
these conditions.

This study builds on previous efforts** and provides the
most comprehensive estimate of neurological burden
globally. The original grouping of conditions published

313 million DALYs, or 70-5% of the total neurological
DALYs reported here for 2021. We added conditions
affecting the nervous system that were previously not
captured, such as Guillain-Barré syndrome, neuro-
cysticercosis, rabies, and neuroblastoma and other
peripheral nervous cell tumours (captured under the
nervous system cancer category), which together
contributed 2-14 million DALY, or 0-5% of the total. To
improve reflection of the life course in line with the new
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Aged <5 years Rank Aged 5-19 years Rank Aged 20-59years  Rank Aged 60-79years  Rank Aged 280 years Rank

All neurological 11806-6 NA 1705-4 NA 34431 NA 13742-8 NA 383293 NA

conditions (10144-1-13813.9) (1227-4-2372-8) (2639-2-4531-4) (12096:7-15569-1) (31687-1-50519-4)

Alzheimer’s disease 0-0 NA 0-0 NA 442 13 1504-2 2 130471 2

and other dementias  (0-0-0-0) (0:0-0:0) (21:2-101-5) (746-6-3345-6) (5903-4-278988)

Attention deficit 2:4 24 283 14 10-7 23 1.0 29 0-0 33

hyperactivity disorder  (1-2-4-2) (14-5-48) (5-8-17-1) (0-5-1.9) (0-0-0-0)

Autism spectrum 1691 7 1614 4 146-2 6 1129 9 595 14

disorder (114-9-237-3) (109-2-227-2) (99:4-206-3) (77-4-157-1) (40-5-83.6)

Cerebral malaria 28 23 88 22 50 27 0-8 30 0-0 32
(2:0-3-6) (6-4-11-2) (3:6-63) (0-6-1-0) (0-0-0-0)

Congenital birth 272 14 205 15 17-4 19 131 23 10-0 20

defects* (15-4-46-4) (9-4-39-1) (7:9-33-5) (5-8-255) (4:3-19'5)

Congenital Zika 0-0 30 0-0 NA 0-0 NA 0-0 NA 0-0 NA

syndrome* (0-0-0:0) (0-0-0-0) (0-0-0-0) (0-0-0-0) (0-0-0:0)

COVID-19* 8-6 18 15-4 18 40-1 16 32:6 18 30-0 17
(0-5-357) (1-0-653) (1.0-133:9) (0:9-97:5) (0:9-79-2)

Cystic echinococcosis* 0-0 31 0-0 34 01 35 01 35 0-0 31
(0-0-0-0) (0-0-0-1) (0-0-0-1) (0-1-0-1) (0-0-0-1)

Diabetic neuropathy 0-0 32 15 27 2605 3 13973 3 14935 4
(0-0-0:0) (0-8-2:4) (171-9-387-6) (911-8-1930-8) (1026-5-2052-6)

Down syndrome* 32 22 30 25 13 31 01 34 0-0 NA
(21-47) (2:0-4-3) (0-8-1-8) (0-1-0-2) (0-0-0-0)

Encephalitis 270-6 4 49-6 11 34-9 17 63-8 14 89:6 10
(196:3-342-6) (413-59-1) (30-5-41.0) (56-73-9) (74-4-107-0)

Epilepsy 211.5 6 1851 3 174-0 4 176-9 7 2685 5
(163.7-268-9) (137-0-261-7) (134-1-219:5) (125-9-247-7) (186-4-379-7)

Fetal alcohol 0-4 27 0-4 32 03 34 01 33 01 30

syndrome (0-2-0-7) (0-2-0-6) (0-2-0-4) (0-1-0-2) (0-1-0-2)

Guillain-Barré 0-4 28 0-5 31 0-6 33 12 28 14 25

syndrome (0-2-0-7) (0-2-0-8) (03-0-9) (0-7-2:0) (0-8-2-2)

Idiopathic intellectual 683 11 70-4 7 431 14 171 21 9.8 21

disability (32:4-118-0) (33.7-1187) (19-4-74-0) (7-2-304) (4-9-167)

Klinefelter syndrome* 01 29 0-0 33 0-0 36 0-0 36 0-0 34
(0-1-0-2) (0-0-0-1) (0-0-0-0) (0-0-0-0) (0-0-00)

Meningitis 12349 2 130-4 5 72:4 11 69-8 13 841 11
(869-5-17417) (111-0-161-3) (65:0-83-4) (64-2-77-9) (75:1-92-4)

Migraine 0-0 NA 380.0 1 750-8 2 451-6 4 2383 6
(0-0-0-0) (24-7-946-6) (117-3-1617-8) (112-3-953:6) (65-8-499'5)

Motor neuron disease 6-2 19 13 28 87 24 573 15 482 16
(4-9-77) (1-0-1.5) (8-0-9-6) (53-2-61.9) (39-8-54-1)

Multiple sclerosis 0-0 NA 0-5 30 151 22 318 19 244 18
(0-0-0:0) (0-4-07) (12:7-17-8) (281-35-8) (20-7-28-3)

Neonatal 83167 1 64-9 8 55-4 12 25.8 20 21 23

encephalopathy (7072-6-9991-8) (46:3-85:6) (40-1-72-0) (18-8-33-0) (1-3-3-0)

Neonatal jaundice* 132 15 116 21 87 25 39 26 0-4 28
(9-5-16-8) (8-4-14-8) (63-11-2) (2-8-5-0) (0-3-0-6)

Neonatal sepsis* 423 13 395 12 313 18 135 22 0-6 27
(27-1-61-1) (247-57-1) (19-6-45-2) (8:3-193) (0:3-0:9)

Nervous system 94-9 10 60-2 10 106-6 7 280-0 6 208-8 8

cancer (71-4-121.5) (50-3-71-7) (91-2-125-6) (245-7-316-1) (174-3-232:0)

Neural tube defects 722:6 3 17-0 17 4.5 29 1.6 27 13 26
(580-8-899-4) (12:5-23-6) (36-5-9) (12-21) (0-9-1-8)

Neurocysticercosis 0-8 25 16 26 161 21 457 17 65-4 13
(0-1-1-9) (0-8-2:5) (91-23-8) (24-8-76-2) (36-1-105-0)

Neurosyphilis 07 26 11 29 0-8 32 0-6 31 0-4 29
(0-4-1-0) (0-7-1-6) (0-5-1-1) (0-4-0-8) (0:3-0-6)

Chromosomal 122 17 5-8 24 23 30 0-4 32 0-0 36

anomalies® (8:1-17-3) (3-9-8-2) (15-33) (0-2-0-5) (0-0-0-0)

(Table 3 continues on next page)
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Aged <5 years Rank Aged 5-19 years Rank Aged 20-59 years Rank Aged 60-79years  Rank Aged 280 years Rank
(Continued from previous page)
Other neurological 44-6 12 60-2 9 418 15 947 11 157-8 9
disorders (36-2-54-4) (44-2-84-0) (34-6-49-6) (84-0-106-8) (133-9-176-9)
Parkinson’s disease 0-0 NA 0-0 NA 162 20 430-7 5 17732 3
(0:0-0-0) (0-0-0-0) (13-6-19-1) (389-5-472-1) (1550-8-1925-0)
Preterm birth* 264-9 5 2343 2 165.7 5 56-0 16 141 19
(190-4-344-9) (168-4-305-2) (120-5-212:9) (41.9-71-4) (9-6-20-9)
Rabies 128 16 123 19 4-9 28 39 25 16 24
(45-24-6) (6:6-17-9) (31-6-8) (2:5-5-4) 11-22)
Spinal cord injury 32 21 17-6 16 74-7 10 103-2 10 83.0 12
(2:3-42) (11-9-23'5) (52:3-99-2) (74-5-132:7) (57-6-113-0)
Stroke 1475 8 729 6 11261 1 8490-9 1 203361 1
(109-0-196-8) (65-0-80-2) (1035-5-1218-4) (7827-5-9108-6) (17762-6-22137-4)
Tension-type 0-0 NA 297 13 77°5 8 754 12 49-4 15
headache (0-0-0-0) (4-8-148-1) (233-2387) (233-2241) (12:2-165-8)
Tetanus 120-5 9 7-8 23 75 26 82 24 4-2 22
(51-4-218-6) (3-5-13-8) (33-122) (37-12-8) (15-7-2)
Traumatic brain injury 39 20 11-8 20 77°5 9 1765 8 2263 7
(26-5:3) (8:3-160) (54-2-103-7) (126-5-236-6) (160-7-298:5)
Rates are provided to one decimal place. Due to rounding, values for some rare conditions (eg, tetanus, rabies, neurocysticercosis, and congenital Zika syndrome) are shown as 0-0, but the actual values are higher
than 0-0. *Neurological complications related to this condition.
Table 3: Global disability-adjusted life-years per 100 000 people by five broad age categories for all conditions with neurological health loss
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IGAP,* we included neurodevelopmental disorders and
paediatric neurological conditions, which represent a
large proportion of global disease burden due to
premature death and long-lasting disability’ and
together these conditions contributed 80- 3 million DALYs
or 18-2% of the total DALYs attributable to neurological
health loss. Cerebral palsy was not listed separately
among the 37 included conditions because the relevant
GBD sequelae are captured under their causes, for
example preterm birth and neonatal encephalopathy.
We also quantified the disease burden of conditions
that include neurological complications by extracting
and accounting for neurological sequelae from a
heterogeneous group of conditions with nervous system
health loss, together contributing approximately
48-1 million DALYs or 10-8% of the total DALYs
attributable to neurological health loss.

Nervous system health loss disproportionately affected
people in LMICs, partly due to higher prevalence of
conditions affecting neonates and children younger than
5 years (especially birth-related complications and
infections). Increased survival in neonates is unfortunately
accompanied by an increase in the long-term disability
from neurological complications of these conditions.”?
Access to treatment and rehabilitation services for nervous
system conditions is limited by little availability or
existence of specialised services and workforces, contri-
buting to poor health outcomes and high mortality. For
instance, the high proportion of deaths in LMICs
compared with high-income countries is probably related
to poorer access to high-quality services and nervous
system specialists in LMICs.* We showed that YLDs are
more consistent between geographical regions than YLLs

(appendix p 79). However, this similarity could partly be
because sources directly reporting disease severity for
highly disabling outcomes are sparse, and therefore we
were unable to take into account potential effects of
treatment on severity.

Nervous system conditions contribute to more DALYs
in males but higher prevalence in females (mostly
attributable to migraine and tension-type headache), and
disease burden generally increases with age. Different
age patterns emerged for different conditions, including
differences in the relative contribution of YLLs and YLDs
to total burden, emphasising the need for tailored
interventions and prevention strategies across the
lifespan.

In line with previous GBD findings,' the absolute
number of people living with, or dying from, neurological
conditions increased over the past three decades. This
trend mirrors global demographic and ageing trends and
increased exposure to environmental, metabolic, and
lifestyle risk factors that are especially relevant for non-
communicable neurological conditions, such as stroke
and dementia.”” At the same time, the age-standardised
death, DALY, and YLL rates of total neurological
conditions decreased. Improved public awareness of
stroke, use of statins,* and blood pressure lowering
medications® have probably contributed to the decreased
DALYs associated with stroke, as well as, primarily in
high-income countries, the approval of intravenous
thrombolytics in the mid-1990s, the increasing availability
of endovascular thrombectomy for acute stroke, and
growth of comprehensive stroke units.** Observed
reductions in DALYs were also probably driven by global
vaccination and disease-prevention efforts, especially for
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Percentage change in age-standardised DALYs, 1990-2021

Female-to-male ratio

A B
All neurological conditions | 27 F All neurological conditions —4’ 0-85
Diabetic neuropathy | —0 COVID-19* @ 184
Neonatal sepsis* - —@ Multiple sclerosis ® 18
Cerebral malaria —@ 54 Migraine @ 162
Other neurological disorders r—. 51 Dementia . 137
Neonatal jaundice* | —@ 32 Tension-type headache ® 134
Preterm birth* - 4. 29 Cystic echinococcosis* . 121
Parkinson's disease — 10 Neurocysticercosis . 115
Motor neuron disease — @ Neural tube defech @ 114
Congenital birth defects* @9 Cerebral malaria @ 12
Guillain-Barré syndrome | @ s Idiopathic intellectual disability @ 108
Klinefelter syndrome* ®: Neonataljaundige_* 4@ 103
Autism spectrum disorder | . 2 o Encephalitis — @ 101
Dementia N Congenital Zika syndrome* —4. 0.97
Migraine : 1 D ‘I(;etanuf 7] . 095
Tension-type headache 3 . _Downsyndrome” — @ 093
N v Diabetic neuropathy @) 0.92
= ervous system cancer —| 9 @
S ) . o : Fetal alcohol syndrome @@ 091
5 Attention deficit hyperactivity disorder - -10 S
5 N N : Other neurological disorders —4. 0-90
< Multiple sclerosis -11 Lk
5 : Preterm birth* 4@ 0-89
o Fetal alcohol syndrome — -11 .ﬁ Neurosyphilis _4‘ 089
Other chromosomal anomalies* -13 @ Men)illfgitis 1 @
Idiopathic intellectual dlséb'hty h -14 * Guillain-Barré syndrome - @) 086
. FR"?PSY N -15 .* Epilepsy +—————— @) 077
Traumatic brain injury 4 -16 F Nervous system cancer +————@) 077
) Neurosxpljnlls 7] 19 @ ; Neonatal encephalopathy +————@@ 075
Spinal cord injury 24 @ : Congenital birth defects* +——————@@) 074
4D°"‘".‘ syndrom.e T -24 . ] Neonatal sepsis* —4. 072
Cystic echinococcosis* — -25 Other chromosomal anomalies* +————@@) 071
Neonatal encephalopathy — -26 @— Stroke 4———— @ 071
Encephalitis 36 H Motor neuron disease ————@) 070
Neurocysticercosis 3@ — Rabies -——— @) 062
Stroke 39 @—— Parkinson's disease ) 0-58
Neural tube defects 48 @— Spinal cord injury +———@@ 053
Meningitis 6 @— Autism spectrum disorder +——@) 0-47
Rabies | -70 ‘7 Traumatic brain injury +——@@) 0-45
Tetanus -93@)——— Attention deficit hyperactivity disorder +——@) 0-40
T T f T 1 T T T T
-100 -50 0 50 100 0-0 05 1.0 1.5 20

Figure 2: Change in age-standardised DALYs, 1990-2021, and female-to-male ratios in 2021 for each condition
(A) Percentage change from 1990 to 2021 overall and for individual conditions. Colours range from dark blue (largest decrease in age-standardised DALYs) to bright red (largest increases).
Cognitive impairment due to COVID-19 and congenital Zika virus disease are not included because they were not documented until after 1990. (B) Female-to-male ratio in 2021, where values
higher than 1 indicate higher levels in females (log scale). Colours range from blue (smaller female-to-male ratios) to red (larger female-to-male ratios). Throughout the figure, dementia represents
Alzheimer's disease and other dementias. DALYs=disability-adjusted life-years. *Percentage change and female-to-male ratios are isolated to disease DALYs due to neurological complications as

opposed to DALYs attributed to the entire condition.

tetanus, rabies, meningitis, neurocysticercosis, and
encephalitis,” and improved access to prevention and
treatment. For instance, we estimate an 17-8% reduction
in encephalitis DALYs, which could partly reflect
Japanese encephalitis vaccination and improved access
to health care.® The substantial decrease in global
deaths from tetanus because of vaccination strategies
emphasises the profound value of vaccination prevention
campaigns. Lastly, the promotion and enforcement of
folic acid supplementation and fortification of grain
products contributed to the decreases in incidence of
neural tube defects in countries that have instituted this
basic public health initiative.**

The estimate of Guillain—Barré syndrome due to
COVID-19 was generated through an analysis of US data
fromalarge sample of approximately 2 millionindividuals,
a finding supported by some other studies* but requiring
further research, because other studies showed no effect
of COVID-19 on Guillain-Barré syndrome.** A more
detailed description of methods used in this analysis to
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estimate Guillain—Barré syndrome following COVID-19,
including strengths and limitations, is in the appendix
(p 2). Parkinson’s disease was previously identified as
the fastest growing neurological condition,*” but through
the inclusion of additional cause categories and sequelae,
other conditions—ie, primarily diabetic neuropathy,
neonatal conditions with neurological consequences,
and cerebral malaria—are now ranking higher in terms
of percentage growth of age-standardised DALYs
since 1990 (table 1). Diabetic neuropathy is now the
fifth-ranked cause of global age-standardised DALYs
due to neurological conditions and its fast-increasing
burden is in line with the observed increase in the
global prevalence of diabetes,*® particularly type 2 diabetes,
which constitutes 96% of all diabetic cases and is a
preventable condition. The fast-increasing burden from
diabetes, neonatal conditions, and cerebral malaria,
which are all largely preventable, indicates poor imple-
mentation of effective risk reduction strategies for these
health conditions.
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Figure 3: Temporal and age patterns in global DALYs for all neurological conditions combined
DALY counts are shown over time (A) and by age group in 2021 (B). Age-standardised DALYs per 100 000 population are shown over time (C) and age-specific rates
are shown in 2021 (D). Shading in panels A and C and black bars in panels B and D depict 95% uncertainty intervals. DALYs=disability-adjusted life-years.

Because cures do not exist for many neurological
conditions, and because access to quality medical care
can be limited by workforce constraints in some places,”
a comprehensive understanding of modifiable risk
factors and the potentially avoidable burden of the
neurological conditions they affect is key. This study
extends previous estimates of risk factors for neurological
disorders that focused on stroke, Alzheimer’s disease
and other dementias, and idiopathic epilepsy by
additionally quantifying risk for multiple sclerosis,
Parkinson’s disease, encephalitis, meningitis, and idio-
pathic intellectual disability. Risk factors for stroke are
the most comprehensively studied of all neurological
conditions in GBD, and in 2021, 84-2% of stroke DALYs
were potentially preventable through the reduction of
exposure to 18 identified risk factors. Controlling lead
exposure could reduce the burden of idiopathic intellectual

disability by 63-1%, and reducing high fasting plasma
glucose to typical concentrations (ie, 4- 885 - 30 mmol/L*)
could reduce the burden of Alzheimer’s disease and
other dementias by 14-6%. Smoking was identified as a
risk factor for stroke,?* Alzheimer’s disease and other
dementias,” and multiple sclerosis. However, some
established risk-outcome pairs (eg, hearing loss and
Alzheimer’s disease and other dementias;” exposure to
pesticides and Parkinson’s disease) were not assessed in
our model. Psychosocial factors, such as sleep, stress,
and social isolation, are increasingly recognised as
contributors to neurological conditions and should be
quantified in future analyses.

This study has limitations. Although we attempted to
capture all nervous system health loss modelled in GBD
explicitly or in the broad category of other neurological
disorders, some conditions that cause nervous system
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damage were left out because we could not isolate the
neurological component (eg, genetic conditions such as
adrenoleukodystrophy or infections such as HIV, which
have large effects in many parts of the world and should
be explicitly estimated in the future; appendix p 49) or
because they are not quantified in GBD (eg, poliomyelitis).
Diabetic neuropathy has now been included within the
neurological conditions category and its high ranking
indicates a considerable burden within the category that
has not previously been conveyed or emphasised. The
inclusion of diabetic neuropathy calls attention to the
scarcity of data for other peripheral neuropathies, such
as those associated with alcohol, HIV, and vitamin
deficiencies. Thus, our singular representation of
diabetic neuropathy in this study is probably a gross
underestimation of the total peripheral neuropathy
burden.

Neurodevelopmental disorders that are captured in
GBD under mental health, such as attention deficit
hyperactivity disorder, autism spectrum disorder, and
idiopathic intellectual disability, have been added because
of their strong links to, and effects on, the nervous
system, and because of their ICD-11 classification as
neurodevelopmental disorders. Other mental health
conditions that were not classified as neurodevelop-
mental or neurocognitive were excluded. Neurological
complications of non-neurological diseases have been
added as far as possible. We also assumed independence
of disabling sequelae when making comorbidity
corrections, which would lead to some overestimation of
the non-fatal burden. Future analyses should include an
improved evaluation of comorbidities that does not
assume independency of co-occurrence. Further, we do
not assess comorbidity with other chronic conditions,
such as heart disease, that can compound effects on
quality of life.

The residual category for other neurological disorders
ranked 16th for age-standardised DALYs, emphasising
the need to explicitly estimate DALYS for the conditions
within this category, including specific movement
disorders, myopathies, and non-traumatic spinal cord
diseases. For non-fatal estimates of the residual category,
we approximated YLDs by assuming the same ratio of
YLDs and YLLs that we estimated for the main fatal
neurological disorders. This approach, although a
reasonable approximation for residual neurological
conditions that lead to death, does not capture the burden
of any residual neurological conditions that are not a
cause of death, such as peripheral neuropathies and
neuropathic pain.®* Some neurological pain quantified
in GBD is captured within musculoskeletal conditions—
eg, low back pain (including sciatica) or neck pain—and
such pain was not included in our current analysis.
In GBD 2021, these conditions are defined as pain lasting
at least 1 day, making it impossible to distinguish
between chronic neurological pain and shorter-term
musculoskeletal pain. Our analysis also did not account
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for deaths associated with traumatic brain injury and
spinal cord injury. Within GBD and the ICD, the
underlying cause of death is assigned to the cause of
injury (eg, violence or road traffic accident) rather than
the nature of the injury.

When quantifying the neurological burden of post-
COVID-19 condition, we accounted only for cognitive
impairment, using the same disability weights as for
mild or moderate dementia, which might not be
accurate considering that cognitive impairment
following COVID-19 appears to improve with time. As
we did not have the resources to conduct disability weight
surveys, such an approximation was necessary. We
were also unable to analyse non-cognitive long-term
neurological outcomes of COVID-19 (with the exception
of Guillain—Barré syndrome) due to a dearth of such data
for most countries. Some studies have shown that
the prevalence of other neurological complications
(eg, persistent headache, neuralgia, daytime sleepiness,
and stroke) associated with COVID-19 varies widely.“*
We also acknowledge that this analysis was conducted in
the first 2 years after the emergence of COVID-19, and
longer-term consequences on cognition or other aspects
of nervous system health are not fully quantified.

Our study also has general limitations shared by all
GBD studies, such as the scarcity of reliable epidemi-
ological data in many countries, especially in LMICs,
meaning that country estimates are informed by
predictive covariates and data from surrounding
countries, and our results are also affected by diagnostic
and other biases in the original research. Efforts were
made to correct for non-reference case definitions or
measurement methods used in GBD source data.
Adjusting for measurement bias is a strength of GBD
because it allows us to leverage as many data sources as
possible across time and geographies. This process is
constantly being refined to enhance quality, transparency,
and standardisation. However, some standard GBD
reference definitions differ from other disease definitions,
such as those used in the new ICD-11. Finally, because
this is a global analysis, we could not capture the nuances
of how these conditions affect specific geographies.

In summary, acute and chronic conditions affecting
the nervous system are diverse. These conditions include
infectious or vector-borne diseases, non-communicable
diseases, and injuries, necessitating different public
health strategies for prevention and treatment across the
life course. These distinctions emphasise the complexity
that health-care systems are facing and the need to
balance acute and long-term disease management. For
some conditions and disorders, effective treatments are
available, whereas for others there is no cure, under-
scoring the importance of prevention and research into
novel interventions.

Resources for nervous system conditions should
therefore span the entire care continuum, including
prevention, diagnosis, treatment, rehabilitation, long-term
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care, and palliation. Improved population-level preventive
strategies for neurological infections and birth-related
neurological sequelae can affect many lives; such
strategies include appropriate sanitation, vaccination, folic
acid fortification, improved access to prenatal and
perinatal care and education, and early detection and
treatment of birth defects. Additionally, zoonotic diseases,
such as COVID-19 or Zika virus disease, have increasingly
posed challenges to brain health,*”* emphasising the
importance of close collaboration across sectors and
integration of human, animal, social, political, and
environmental sciences in joint efforts to optimise brain
health.27#

Most nervous system burden occurs in LMICs, where
health-care resources are scarce, access to services is
limited by availability and workforce constraints, and
many countries are insufficiently prepared to address the
increasing number of cases or DALYs.” In 2017, only
46 (24%) of 194 countries had policies with a separate
budget dedicated to neurological disorders, and only
69 (55%) of 125 countries who responded to a question-
naire had clinical guidelines for neurological disorders
(ie, systematically developed statements or recom-
mendations designed to assist practitioners and patients
in making decisions about appropriate health care for
neurological disorders). The available neurological
workforce is unevenly distributed across the world, with
high-income countries having 70 times more neurological
professionals per 100000 individuals in the population
compared with LMICs.* The adoption of IGAP provides
a guideline for a decade of concerted multisectoral
actions to respond to the growing absolute burden of
neurological conditions.>

The findings in this study have important health
service and policy implications and serve as evidence that
global neurological health loss has been under-recognised
and is increasing and unevenly distributed geographically
and socioeconomically. Elucidating the individual
contributions of conditions that affect nervous system
health will inform targeted interventions and policy
options that can increase nervous system health at
individual and population levels.
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