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Abstract

Background and Objectives @ Etditorial

Based on the Global Burden of Diseases, Injuries, and Risk Factors (GBD) study, neurologic Neur9log1c Disease B .urden
disorders are a major cause of morbidity and mortality worldwide. However, there has been no in Asia Is B,Oth Growing
comprehensive assessment of neurologic disorders in Asia. Data from the GBD 1990-2019 and Changing: But More

Data Are N
study were investigated to provide new details for neurologic disorders in Asia. b ata 98: ceded
age

Methods

The burden of common neurologic disorders in Asia was calculated for 1990 and 2019 as
incidence, prevalence, deaths, and disability-adjusted life-years (DALYs). Thirteen common
neurologic disorders were analyzed. Data are presented as totals and by sex, age, year, location,
risk factors, and sociodemographic index (SDI) and shown as counts and rates.

Results

In 2019, the most burdensome neurologic disorders in Asia for the absolute number of DALYs
were stroke (98.8 million, 95% uncertainty interval [UI] 91.0-107.0), migraine (24.6 million,
95% UI 3.4-56.4), and Alzheimer disease (AD) and other dementias (13.5 million, 95% UI
5.9-29.8). From 1990 to 2019, the absolute number of DALYs and deaths caused by combined
neurologic disorders (deaths by 60.7% and DALYs by 17.6%) increased, but the age-
standardized rates (deaths by 34.1% and DALYs by 36.3%) decreased. The burden of neuro-
logic disorders peaked among individuals aged 65-74 years and was higher among male than
among female individuals; moreover, this burden varied considerably across Asian subregions
and countries. Risk-attributable DALYs accounted for 86.9%, 28.5%, and 11.1% of DALYs for
stroke, AD and other dementias, and multiple sclerosis, respectively. SDI was associated with
both stroke and communicable neurological disorders. In terms of crude rate, the higher the
SDI value, the higher the prevalence of stroke, and the lower all metrics of communicable
neurological disorders.

Discussion

Neurologic disorders were the leading cause of DALYs and the second leading cause of deaths
in Asia in 2019, and the burden may likely increase with the growth and aging of the Asian
population. Urgent measures are needed for prevention, treatment, rehabilitation, and support
services for common neurologic disorders regionally and nationally.
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Glossary

AD = Alzheimer disease; DALY = disability-adjusted life-year; GBD = Global Burden of Diseases, Injuries, and Risk Factors;
MND = motor neuron disease; MS = multiple sclerosis; PD = Parkinson disease; SDI = sociodemographic index; TTH =
tension-type headache; YLD = year lived with disability; YYL = year of life lost.

In 2016, globally, neurologic disorders were the leading cause
of disability-adjusted life-years (DALYs) and the second
leading cause of death.! According to the Global Burden of
Diseases, Injuries, and Risk Factors (GBD) study, neurologic
disorders include communicable neurologic disorders, stroke,
headache, neurodegenerative diseases, demyelinative dis-
eases, brain and CNS cancers, and a residual category of other
less common neurologic disorders.”™* There is a need for
comprehensive and up-to-date data regarding the prevalence,
incidence, mortality, and disability rates of common neuro-
logic disorders and their trends to facilitate the organization
and allocation of health services. However, studies on the
burden of neurologic diseases in Asia are limited. This study
aimed to perform a comprehensive assessment of aggregated
neurologic disorders and analysis of variations according to
sex, age, year, and location.

Methods

Global Burden of Diseases Data Ascertainment
The GBD study is updated annually by the Institute for
Health Metrics and Evaluation. Since the start of the GBD,
the global health database has grown from 13,688 to
150,037 sources and now adds approximately 14,369 new
information sources each year.1 Reported estimates span
the period from 1990 to 2019. This analysis provided a more
accurate representation of the overall effect of neurologic
diseases on Asian health, including annual updates in-
corporate new data and methodological enhancements,
to ensure that policymakers have access to the latest in-
formation to facilitate resource assignment decisions. The
current report includes stroke, Alzheimer disease (AD),
and other dementias, Parkinson disease (PD), motor neu-
ron diseases (MNDs), multiple sclerosis (MS), idiopathic
epilepsy, brain and other CNS cancers, migraine, tension-
type headache (TTH), communicable conditions (tetanus,
meningitis, and encephalitis), and a residual category of
other less common neurologic disorders (eTables 1 and 2,
links.Iww.com/WNL/C729). Medication overuse headache
is no longer included as a separate disorder; instead, it is
considered a consequence of the underlying headache

types.5

We excluded spinal cord injury and traumatic brain injury
since, under the International Classification of Diseases rules,
deaths from injury are categorized based on the cause of injury
(including a fall or road injury) rather than the nature of
the injury. Therefore, posttraumatic disorders were outside
the scope of our study.®
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Metric Estimates

Details about the methodology of nonfatal and mortality es-
timates, years lived with disability (YLDs), years of life lost
(YLLs), and DALYs have been previously published.”* The
GBD Results Tool provides online access to data sources for
quantifying nonfatal and mortality outcomes, YLDs, and
YLLs.” DALYs are calculated as the sum of YLLs and YLDs,
which is a specific indicator for within-disorder and between-
disorder comparisons of mortality and nonfatal outcomes.”

Asian Subregions

The United Nations classifies 49 countries and territories into
S geographic subregions based on epidemiologic similarity
and geographical proximity, such as East Asia, Southeast Asia,
Central Asia, South Asia, and West Asia.® In this study, geo-
graphic differences in the epidemiologic characteristics of
neurologic disorders were analyzed among Asian subregions.

Risk Factors

According to the GBD exposure definitions and statistical
modeling, which were previously published, we used the GBD
comparative risk assessment framework to estimate the ex-
posure of risk factors related to neurologic disorders and their
attributable disease burden.* Relative risk data were pooled
using meta-analyses of randomized control trials, prospective
cohorts, and case-control studies. We calculated the risk fac-
tors attributable to the DALY of each neurologic disorder by
sex. We used mean risk factor exposure, strengthened by
covariates, to calculate summary exposure values for each risk,
a metric that ranged from 0% to 100% to describe the risk-
weighted exposure for a population or risk-weighted preva-
lence of exposure.

Sociodemographic Index

The sociodemographic index (SDI), which is expressed on a
0-10 scale, is a synthetic index of a country’s lag-distributed
income per capita, average years of schooling, and fertility rate
among female individuals younger than 25 years.” According to
the degree of sociodemographic development, Asian countries
and territories were classified into S quintiles based on their 2019
values: low, low-middle, middle, high-middle, and high SDr?
(eTables 3 and 4, links.lww.com/WNL/C729). The Pearson
correlation analysis was used to assess correlations between all
crude rates of neurologic disease burden and the SDL

Data Analysis and Date Quality

The burden estimates are presented as absolute numbers and
age-standardized rates of these metrics according to cause
along with the corresponding 95% uncertainty intervals (Uls)
and their changes or trends from 1990 to 2019.> The
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estimates of absolute numbers indicate the actual situation
and are thus useful for policy-makers, while age-standardized
estimates allow comparisons over time and across countries
and subregions, adjusting for the differences in the population
age distribution. We adopted a simple star rating system from
0 to S to qualify the data available for a given country over the
full time series used in GBD estimates. While stars are cal-
culated for each S-year time interval and the full-time series
from 1980 to 2019, stars in the main text are presented for the
full-time series only.”

Standard Protocol Approvals, Registrations,
and Patient Consents

This study was approved by the medical ethics committee of
Renmin Hospital of Wuhan University, China (WDRY2019-
K028). Informed consent was not needed because no iden-
tifiable information was included in the analysis.

Results

Burden of Neurologic Disorders in Asia, 2019
In 2019, combined neurologic disorders included in this
analysis were responsible for 167.4 million DALYs, compris-
ing 12.2% of DALYs for all diseases in Asia. These neurologic
disorders were the underlying cause of 5.79 million deaths,
which comprised 18.5% of total Asian deaths in 2019. Based
on the GBD Results Tool, neurologic disorders were the
largest contributor to DALYs in 2019 in Asia, followed by
neoplasms, and the second leading cause of death, behind
only cardiovascular diseases (excluding stroke).

The details of the metrics of neurologic disorders in 2019 are
summarized in Table 1. Among the neurologic disorders an-
alyzed in Asia, the top 3 burdensome neurologic disorders, as
measured by DALYs, were stroke (98.8 million, 95% UI
91.0-107.0), migraine (24.6 million, 95% UI 3.4-56.4), and
AD and other dementias (13.5 million, 95% UI 5.9-29.8),
while the 3 leading causes of death from neurologic disorders
were stroke (4.4 million, 95% UI 4.0-4.8), followed by AD
and other dementias (0.8 million, 95% UI 0.2-2.1) and PD
(0.2 million, 95% UI 0.2-0.2). The 3 neurologic disorders
with the highest prevalence and incidence were TTH (1,125.2
million, 95% UI 987.0-1,264.5; 402.7 million, 95% UI
358.0-450.1, respectively), migraine (666.0 million, 95% UI
578.5-767.7; 52.1 million, 95% UI 45.7-58.5, respectively),
and stroke (62.5 million, 95% UI 57.1-68.4; 8.1 million, 95%
Ul 7.3-9.2, respectively).

Changes in the Burden of Neurologic Disorders
in Asia, 1990-2019

The growing absolute metric numbers are likely to indicate the
increasing burden of neurologic disorders in Asian populations,
while the fall in age-standardized rates implies that the trend in
absolute metric numbers was driven mainly by demographic
changes. Since 1990, there has been an increase in the absolute
number of deaths and DALYs in Asia by 60.7% and 17.6%,
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respectively, while over the same time, the age-standardized
rates of deaths and DALYs have declined by 34.1% and 36.3%,
respectively. Stroke remained the leading cause of DALYs and
deaths in Asia, accounting for the largest proportion of total
DALYs (46.2% in 1990 and 59.0% in 2019) and deaths (72.4%
in 1990 and 75.5% in 2019) among all neurologic disorders
analyzed in Asia (Table 1).

Opverall, the burden of most noncommunicable neurologic
disorders increased, while the burden of communicable
neurologic disorders decreased from 1990 to 2019. For
the absolute number of DALYs and deaths, the top 3
fastest growing causes were AD and other dementias, PD,
and MS, while idiopathic epilepsy remained unchanged
during this time. Regarding incidence and prevalence,
the 3 largest growth rates observed were for AD and
other dementias, PD, and brain and other CNS cancers.
The only neurologic disorders that decreased in age-
standardized rates and absolute numbers of all metrics
were communicable neurologic disorders (tetanus, men-
ingitis, and encephalitis) (Table 1).

The 49 Asian countries and territories are summarized in
Table 2. There were remarkable geographic differences
in age-standardized DALY rates of neurologic disorders
among Asian countries and territories in 2019 (eTable S,
links.lww.com/WNL/C729). The age-standardized DALY
rates of neurologic disorders substantially decreased in
44 Asian countries and territories, while they increased
in Uzbekistan, the Philippines, Turkmenistan, Azerbaijan,
and Tajikistan.

Asian Burden of Neurologic Disorders by Age
and Sex, 2019

Different neurologic disorders had different age distributions
and age-standardized DALY rates. The details of all-age and
age-standardized DALY rates of neurologic disorders in 2019
are shown in Figure 1. Among children younger than S years,
communicable neurologic disorders, mainly tetanus and
meningitis, were the dominant causes of neurologic DALYs
and age-standardized DALY rates for both sexes. Idiopathic
epilepsy resulted in the most DALYs among people aged 5-9
years, followed by meningitis and encephalitis. Migraine was
the leading contributor among individuals aged 10-39 years,
with a female predominance. Stroke and AD and other de-
mentias were the major contributors to the burden of neu-
rologic conditions in adults, with their attributions sharply
increasing with age for both the absolute numbers and
DALYs. Stroke was the leading cause of neurologic burden
among individuals aged 40-94 years, with a male pre-
dominance; furthermore, AD and other dementias were the
major contributors to neurologic burden among individuals
aged 95 years and older.

The observed sex differences in the burden of neurologic
disorders in 2019 are shown in Figure 2 and summarized in
Table 3. Across the 13 neurologic disorder categories, there
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Table 1 Age-Standardized Rates (per 100,000) and Absolute Number (1,000s) of DALYs, Death, Prevalence, and Incidence
by Neurologic Disorders Category in Asia, 1990-2019

Age-standardized rate (per 100,000) (95% Ul)

Absolute number (1,000s) (95% Ul)

Percentage Percentage
changes, changes,
1990 2019 1990-2019 1990 2019 1990-2019
All neurologic disorders
DALYs 5,740 (4,600-7,478) 3,657 (2,704-5,162) -36.3° 142,317 (111,588-187,478) 167,399 (123,841-235,749) 17.6°
Deaths 211(177-271) 139 (108-187) -34.1° 3,607 (3,107-4,389) 5,794 (4,684-7,587) 60.7°
Stroke
DALYs 3,281 (3,038-3,574) 2,102 (1,939-2,274) -36 (43 to -29) 65,795 (61,109-71,278) 98,822 (90,993-106,989) 50 (33 to 66)
Deaths 162 (148-180) 102 (92-111) -37(-46t0-29) 2,611 (2,398-2,882) 4,378 (3,978-4,756) 68 (46 to 88)
Prevalence 1,265 (1,163-1,385) 1,298 (1,188-1,421) 3(0to5) 27,884 (25,563-30,319) 62,507 (57,094-68,398) 124 (117 to 132)
Incidence 194 (175-215) 171 (154-192) -12(-15t0 -9) 3,907 (3,530-4,358) 8,111 (7,273-9,161) 108 (100 to 115)
Alzheimer disease and
other dementias
DALYs 319 (134-728) 345 (152-748) 8(0to17) 4,076 (1,720-9,534) 13,536 (5,896-29,845) 232 (204 to 264)
Deaths 22 (5-60) 23 (6-60) 8 (0to 22) 217 (50-600) 820 (204-2,138) 278 (245 to 334)
Prevalence 579 (496-670) 674 (575-776) 16 (15to 18) 7,737 (6,582-8,955) 27,231 (23,098-31,302) 252 (243 to 262)
Incidence 86 (73-99) 93 (79-106) 8(6t09) 1,170 (1,001-1,353) 3,811 (3,252-4,367) 226 (217 to 235)
Parkinson disease
DALYs 84 (76-94) 80 (73-88) -4 (-14to 5) 1,377 (1,236-1,539) 3,538 (3,211-3,896) 157 (130 to 183)
Deaths 5(5-6) 5 (4-5) -6(-17to 5) 69 (62-77) 191 (171-207) 177 (145 to 210)
Prevalence 87 (73-103) 110 (92-129) 26 (2310 29) 1,534 (1,289-1,826) 5,030 (4,220-5,942) 228 (220 to 236)
Incidence 11(9-13) 13(11-14) 13 (11 to 15) 197 (168-228) 582 (495-666) 194 (188 to 201)
Motor neuron diseases
DALYs 8(8-9) 6 (6-7) -25(-33to -17) 242 (222-264) 296 (274-318) 22 (10to 37)
Deaths 0(0-0) 0(0-0) 6 (-16to 5) 5(5-6) 10(9-10) 86 (67 to 108)
Prevalence 2(2-3) 2(2-3) 7 (6to 8) 69 (55-84) 114 (94-138) 67 (57 to 76)
Incidence 1(0-1) 1(0-1) -4 (-5to -3) 15(12-17) 25(21-30) 71 (62 to 80)
Idiopathic epilepsy
DALYs 198 (150-244) 153 (117-194) -23(-36to -1) 6,605 (4,963-8,118) 6,858 (5,287-8,711) 4(-14to 35)
Deaths 2(2-2) 1(1-2) -36 (-45to -11) 65 (50-74) 64 (54-73) -2(-17to 37)
Prevalence 223 (160-293) 275 (209-345) 23 (-1to 58) 7,096 (4,959-9,469) 12,316 (9,346-15,488) 74 (38 to 124)
Incidence 27 (18-37) 34 (23-45) 26 (1to61) 904 (590-1,260) 1,438 (1,020-1,922) 59 (26 to 105)
Migraine
DALYs 483 (70-1,098) 509 (69-1,165) 5(-1t0 8) 14,954 (1,990-34,573) 24,622 (3,415-56,406) 65 (59 to 74)
Prevalence 13,081 (11,358-15,004) 13,791 (11,963-15,873) 5(4to7) 405,942 (349,814-469,189) 665,979 (578,531-767,717) 64 (58 to 70)
Incidence 1,092 (958-1,225) 1,148 (1,003-1,290) 5(4to6) 36,977 (32,236-41,820) 52,073 (45,727-58,486) 41 (36 to 46)
Tension-type headache
DALYs 50 (15-176) 51 (15-177) 2(-4t011) 1,471 (424-5,486) 2,473 (739-8,408) 68 (45 to 84)
Prevalence 22,866 (20,115-25,821) 23,743 (20,816-26,693) 4 (3to5) 701,676 (610,628-799,519) 1,125,205 (987,022-1,264,529) 60 (55 to 65)
Incidence 8,352 (7,428-9,305) 8,620 (7,648-9,613) 3(2to4) 260,491 (229,446-292,800) 402,735 (357,956-450,079) 55 (50 to 60)
Meningitis
DALYs 462 (404-528) 132 (114-156) =71 (-76 to -66) 17,049 (14,811-19,579) 5,141 (4,500-5,973) =70 (=75 to —-64)
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Table 1 Age-Standardized Rates (per 100,000) and Absolute Number (1,000s) of DALYs, Death, Prevalence, and Incidence
by Neurologic Disorders Category in Asia, 1990-2019 (continued)

Age-standardized rate (per 100,000) (95% Ul)

Absolute number (1,000s) (95% Ul)

Percentage Percentage
changes, changes,
1990 2019 1990-2019 1990 2019 1990-2019
Deaths 7 (6-7) 2(2-2) =70 (=75 to -65) 219 (192-248) 78 (70-89) -64 (-69 to -58)
Prevalence 195 (163-237) 83 (70-98) -58 (-59 to -56) 6,079 (5,082-7,373) 3,766 (3,208-4,451) -38 (-41 to -35)
Incidence 49 (41-60) 27 (22-32) -46 (-47 to -44) 1,752 (1,418-2,164) 1,051 (870-1,249) -40 (-43 to -36)
Encephalitis
DALYs 216 (171-261) 95 (79-131) -56 (-66 to -33) 7,653 (6,006-9,411) 3,915 (3,265-5,417) -49 (-61 to -21)
Deaths 4(3-4) 2(1-2) =50 (-60 to -24) 106 (85-126) 75 (63-107) -29 (-45to0 11)
Prevalence 122 (87-154) 75 (56-92) -39 (-41 to -35) 3,644 (2,645-4,597) 3,510 (2,636-4,349) -4(-7to1)
Incidence 32(28-36) 26 (23-29) -19(-20to -18) 1,035 (901-1,187) 1,092 (976-1,214) 6(1to11)
Tetanus
DALYs 478 (411-547) 30 (21-41) -94 (-96 to -91) 18,154 (15,452-20,812) 1,120 (787-1,496) -94 (-96 to -91)
Deaths 6(5-7) 0(0-1) -93 (-95 to -90) 227 (196-259) 18 (12-24) -92 (-94 to -89)
Prevalence 5 (4-6) 1(1-1) -78 (-80 to -76) 155 (121-197) 46 (33-61) =70 (=74 to -68)
Incidence 15(12-18) 1(1-2) -92 (-95 to -90) 534 (420-672) 45 (31-60) -92 (-94 to -88)

Brain and other CNS
cancer

DALYs 115 (86-163) 103 (78-118) -11(-42to 14) 3,503 (2,531-5,106) 4,776 (3,639-5,463) 36 (-15 to 80)
Deaths 3(2-4) 3(2-3) 0(-35t0 18) 71 (55-98) 130 (97-147) 83 (17 to 122)
Prevalence 7 (6-9) 13(10-15) 95 (13 to 135) 202 (158-279) 609 (450-692) 201 (71 to 271)
Incidence 3(3-4) 4 (3-5) 22 (-22to 47) 90 (70-124) 189 (142-215) 110 (30 to 157)
Multiple sclerosis
DALYs 7 (6-9) 7 (6-8) 0(-14to 22) 179 (144-225) 348 (297-418) 94 (64 to 138)
Deaths 0(0-0) 0(0-0) -7 (-24to 21) 4(3-5) 7(6-9) 98 (61 to 159)
Prevalence 6(5-7) 8(6-9) 22 (20 to 23) 167 (134-201) 383 (311-460) 130 (124 to 136)
Incidence 0(0-0) 0(0-0) 18 (15 to 20) 10(8-12) 19 (16-23) 91(83t0 97)
Other neurologic
disorders
DALYs 39 (31-47) 44 (35-55) 15(0 to 35) 1,259 (980-1,553) 1,954 (1,538-2,409) 55 (36 to 82)
Deaths 0(0-1) 1(0-1) 8 (-7to 27) 13(11-14) 23 (20-27) 82 (57 to 114)
Prevalence 1(0-1) 1(0-1) 2(0to5) 16 (11-23) 26 (17-35) 57 (45 to 70)
Incidence 0(0-0) 0(0-0) 0(0to0) 0(0-0) 0(0-0) 0(0to0)

Abbreviations: DALY = disability-adjusted life-year; NA = not available; Ul = uncertainty interval.
2Uls were not calculated for aggregated estimates of percentage change because this was not built into the Burden of Common Neurologic Disorders in Asia

from 1990 to 2019 computational machinery.

was a substantially higher absolute number of DALYs among
male (84.8 million) than among female individuals (79.2
million). In addition, the age-standardized DALY rates were
higher among male than among female individuals (male-to-
female ratio, 1.14). There was a considerably higher burden
(based on the age-standardized DALY rates) among male
than among female individuals for PD, MNDs, stroke, brain

Neurology.org/N

and other CNS cancers, and other neurologic disorders
(male-to-female ratio, >1.19). By contrast, the male-to-female
ratios of DALYs for migraine, MS, AD and other dementias,
and TTH were <0.87. In Asia, the absolute number of stroke
DALYs peaked at the age of 65-74 years for both sexes, with
the DALYs for male and female reaching their peak at 65-69
and 70-74 years of age, respectively.
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Table 2 SDI Levels of Asian Countries in 2019 and Data

Quiality Rating From 1980 to 2019

Table 2 SDI Levels of Asian Countries in 2019 and Data
Quiality Rating From 1980 to 2019 (continued)

Country SDI Data quality rating Country SDI Data quality rating
Central Asia Cyprus High SDI 2
Kazakhstan High-middle SDI 4 United Arab Emirates High SDI 1
Turkmenistan Middle SDI 4 Israel High-middle SDI 4
Uzbekistan Middle SDI 4 Georgia High-middle SDI 4
Kyrgyzstan Low-middle SDI 4 Bahrain High-middle SDI 3
Tajikistan Low-middle SDI 3 Turkey High-middle SDI 3
East Asia Jordan High-middle SDI 2
Japan High SDI 5 Oman High-middle SDI 2
South Korea High SDI 3 Saudi Arabia High-middle SDI 2
China Middle SDI 3 Lebanon High-middle SDI 1
Mongolia Low-middle SDI 2 Armenia Middle SDI 5
North Korea Low-middle SDI 0 Azerbaijan Middle SDI 3
South-Eastern Asia Iraq Middle SDI 2
Singapore High SDI 5 Syrian Arab Republic Low-middle SDI 3
Brunei High SDI 3 Palestine Low-middle SDI 2
Malaysia High-middle SDI 2 Yemen Low SDI 0
Thailand Middle SDI 3 Abbreviations: SDI = sociodemographic index; Ul = uncertainty interval.
Philippines Middle SDI 3
Indonesia Middle SDI 2
Vietnam Low-middle SDI 2
o D) ; Asian Burden of Neurologic Disorders by
anmar ow-mi e . . .
y Geographical Variations, 2019
Cambodia Low-middle SDI 1 As shown in eFigure 1 and listed in eTables 5-18 (links.
Laos Low-middle SDI ] Iww.com/WNL/C729), the age-standardized rates for
neurologic disorders varied widely in Asian countries and
Timor-Leste Low-middle SDI 0 territories. We found numerous global extreme values in
Southern Asia the Asian burden of neurologic disorders. There was the
o1 Lanka High-middle DI 3 highest globa.I a'ge-standa.rdlzed DALY rate of AD an.d
other dementias in Afghanistan, but there was the lowest in
Iran Middle SDI 2 India; there was the highest meningitis prevalence rate in
Maldives Low-middle SDI 2 Bhutan, even higher than in Africa; there was the highest
global age-standardized DALY rate of idiopathic epilepsy
Bangladesh Low-middle SDI 2 . s s . .
in Tajikistan, but there was the lowest in Singapore; and
India Low-middle SDI 2 there was the lowest global DALY rate of MS in the
Bhutan Low-middle SDI 0 Maldives.
Pakistan Low SDI 2 As shown in Figure 3, for the age-standardized DALY
Nepal Low SDI 1 rates, noncommunicable diseases dominated in most Asian
- countries and territories, while the rankings of communi-
Afghanistan Low SDI 1 . . i i .
cable diseases varied widely in a few countries. Stroke
Western Asia was the leading cause of neurologic disorders for age-
Kuwait High SDI 4 standardized DALY rates in 48 of the 49 Asian countries
: and territories, followed by migraine, except in Israel,
Qatar High SDI 2 where migraine and stroke ranked first and second,
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Figure 1 Asian Burden for Neurologic Disorders by Age Group Including Both Sexes in Asia, 2019
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(A) DALYs and (B) age-standardized DALY rates. Early neonatal is 0-7 days; late neonatal is 7-28 days; and postneonatal is 28 days to 1 year. DALY = disability-
adjusted life-year.

respectively. AD and other dementias were ranked third or  11thin Cyprus, Israel, and Singapore) and encephalitis (ranked
fourth in all countries and territories. There were large varia-  Sth in Nepal, India, Vietnam, and Oman and 12th in Turkey,
tions in the ranking for meningitis (ranked 3rd in Pakistan and ~ United Arab Emirates, Cyprus, and Israel).
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Figure 2 Asian DALYs for Neurologic Disorders by Sex Group, 2019
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DALY = disability-adjusted life-year.

The contribution of each disease to the overall burden of  standardized DALY rates varied among different countries
neurologic disorders in the Asian subregions is shown in  within the same subregion, especially in West Asia, the con-
eFigure 2A (linkslww.com/WNL/C729). Although the age-  tribution of stroke was generally higher in countries in East
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Table 3 Asian Age-Standardized DALY Rates (per 100,000)
of Male and Female Individuals and the Male-to-
Female Ratio by Neurologic Category in 2019

Male to

Male Female female
Neurologic disorders (95% UI) (95% UI) ratio
Stroke 2,453 1,777 1.38

(2,200-2,721)  (1,586-1,980)
Alzheimer disease and other 305 (129-707) 372 (167-785) 0.82
dementias
Parkinson disease 104 (92-115) 61 (53-68) 1.70
Motor neuron diseases 7 (7-8) 5(5-6) 1.47
Meningitis 137 (115-164) 127 (107-155) 1.08
Encephalitis 99 (81-144) 90 (72-133) 1.10
Tetanus 32 (19-46) 29 (19-43) 1.1
Idiopathic epilepsy 162 (124-205) 144 (111-184) 1.12
Migraine 392 (62-879)  631(77-1,478) 0.62
Tension-type headache 47 (13-177) 55 (16-180) 0.86
Brain and other CNS cancers 118 (78-145) 87 (66-103) 1.36
Multiple sclerosis 6 (5-8) 8 (6-9) 0.79
Other neurologic disorders 48 (38-60) 40 (31-51) 1.19

Abbreviations: DALY = disability-adjusted life-year; Ul = uncertainty interval.

Asia (67%) than those in West Asia (47%) and South Asia
(46%), while the contribution of migraine was higher in West
Asia (23%) and Southeast Asia (19%) and lower in East Asia
(11%). Meningitis remained prominent in South Asia (7%),
ranking third.

Risk Factors for Neurologic Disorders in Asia, 2019
Only 3 of the 13 neurologic disorder categories had >10% of
DALYs attributable to the 87 risks quantified in the GBD
2019: risk-attributable DALY accounted for 86.9% of stroke
DALYs, 28.5% of DALYs for AD and other dementias, and
11.1% of MS DALYs. Regarding the other neurologic dis-
orders, the proportion of risk-attributable DALY was either
very small (idiopathic epilepsy, meningitis, encephalitis, and
PD) or zero (tetanus, brain and other CNS cancers, mi-
graine, TTH, and MNDs).

Table 4 summarizes risk factors attributable to specific
neurologic disorders. In Asia, the 5 risk factors with the
highest contribution to DALYs for stroke in both sexes were
high systolic blood pressure (56%), air pollution (34.7%),
dietary risks (33%), high body mass index (21.1%), and
high fasting plasma glucose level (19.6%). For AD and
other dementias and MS, smoking was the major risk
factor of attributable DALYs (16.1% and 11.3%, re-
spectively), while it was negatively associated with PD,
with an estimated (-11.2%) reduction in DALYs. For
smoking and alcohol use, the proportion of DALYs was
significantly higher among male than among female
individuals.

Correlations Between the SDI and Disease
Burden, 2019

Contribution of each disease to the overall burden of
neurologic disorders in different SDI countries is shown in
eFigure 2B (links.lww.com/WNL/C729).  Stroke
accounted for the highest proportion of age-standardized
DALY rates in middle SDI Asian countries (68%) and the
lowest in low SDI countries (42%) and high SDI countries
(44%). For meningitis, the highest proportion was in low

Figure 3 Ranking of Age-Standardized DALY Rates for All Neurologic Disorders by Asian Countries, 2019
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MND = motor neuron disease; MS = multiple sclerosis; PD = Parkinson disease; TTH = tension-type
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Table 4 Percentage of DALYs Attributable to Risk Factors of Neurologic Disorders in Asia, 2019

Both sexes, % (95% Ul)

Males, % (95% Ul)

Females, % (95% Ul)

Stroke

High systolic blood pressure

56 (48.2 to 62.6)

56.4 (48.1 to 63.3)

55.4 (47.4 t0 62.6)

Air pollution

34.7 (31.9 to 37.5)

35.2(32.1 to 38.1)

34.1 (31.5 to 36.8)

Dietary risks

33(24.2t042.5)

35.6 (26.5 to 45.3)

29.7 (21.4 t0 39.4)

High body mass index

21.1(12.4 to 30.4)

20.9 (11.7 to 30.6)

21.5(13.2 to 30.1)

High fasting plasma glucose 19.6 (13.6 to 27.6) 19.9 (13.8 t0 27.8) 19.2(13.1 to 27.4)
Smoking 18.8 (17.3 to 20.3) 29.5 (27.6 to 31.4) 5.2 (4.4 t0 6)
Kidney dysfunction 8.7 (7.3t0 10.1) 8.4 (7.1t09.8) 9(7.6t0 10.4)

High LDL cholesterol

8.6 (5.1to 14.4)

8.1(4.9t013.4)

9.3(5.2to 16.1)

Nonoptimal temperature 6.4(4.9108.2) 6.8 (5.1to 8.6) 6(4.6t0 7.6)

Alcohol use 6(4.3t07.7) 10.1 (7.1 to 13.1) 0.8(0.1to0 1.5)
Other environmental risks 5.7(3.5t07.9) 6.5(4.2t0 8.9) 4.6 (2.7t0 6.7)
Secondhand smoke 4 (3to5.1) 3(2.1to0 3.8) 5.4 (4.1t06.7)
Low physical activity 1.4(0.2to 4) 1.2(0.2to0 3.4) 1.7 (0.3 to 4.5)

Alzheimer disease and other dementias

Smoking

16.1(10.6 to 21.3)

33.2(22.5t0 42.7)

5.7 (3.1to 8.3)

High fasting plasma glucose

8.6(2t0 18.7)

9.1 (1.7 to 21.1)

8.3(1.5t019.2)

High body mass index

8.2(2.8t0 17)

7.6(1.7t017)

8.5(1.8t0 18.8)

Parkinson disease

Smoking

-11.2 (-16.8 to -5.6)

-17.9 (-26.9 to -9.1)

-1.7 (-2.7 to -0.9)

Idiopathic epilepsy

Alcohol use

8.4 (6 to 10.9)

13.8 (10 to 18)

2(1.3t02.8)

Multiple sclerosis

Smoking 11.3(8.5t0 14.3) 21.5(16.6 to 26.3) 3.2(2.3t04.1)
Meningitis

Low birth weight 5.2 (4.4t06.4) 6.1(4.8t07.7) 4.3(3.3t05.6)

Short gestation 3.4(2.8t04.2) 3.9(3.1to5) 2.8(2.2t03.6)

Household air pollution from solid fuels 0.7(0.5to0 1) 0.9(0.6t01.2) 0.6 (0.4 to 0.8)

Ambient particulate matter pollution 0.7 (0.5t0 0.9) 0.8(0.5t0 1.1) 0.6 (0.4 to 0.8)
Encephalitis

Low birth weight 1.7(1.3t0 2) 1.6(1.3t02) 1.7(1.3t02.3)

Short gestation 1.1(0.9t0 1.3) 1(0.8t0 1.3) 1.1(0.8t0 1.5)

Ambient particulate matter pollution

0.2(0.2t0 0.3)

0.2(0.2t0 0.3)

0.3(0.2t0 0.4)

Household air pollution from solid fuels

0.2(0.1t0 0.3)

0.2(0.1t0 0.3)

0.2(0.1t0 0.3)

Abbreviations: DALY = disability-adjusted life-year; Ul = uncertainty interval.

SDI countries (19%), while for AD and other dementias,
the highest proportion was in high SDI countries (31%)
and the lowest was in low SDI countries (3%).
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The actual correlation between the SDI of Asian countries
and burden of neurologic disorders is generally re-
ferred to as the crude data of metric rates. According to
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eTable 19 (links.Iww.com/WNL/C729), for degenerative
neurologic disorders (AD, PD, and MNDs), MS, and TTH,
there was a positive correlation of most indicators of dis-
ease burden with the SDI in Asian countries. For com-
municable neurologic disorders, most metrics were
moderately to strongly negatively correlated with the SDI.
For stroke, the SDI showed a moderate positive correlation
with the crude prevalence rate. Notably, the crude and age-
standardized incidence rates and crude DALY and mor-
tality rate of stroke were not significantly correlated with
the SDI of the states, but age-standardized DALY and
mortality rates had a weak significant negative correlation.
For migraine, the crude incidence rate was moderately
negatively correlated with the SDI. For brain and other
CNS cancers, the SDI showed a strong positive correlation
with the crude prevalence rate and moderate positive
correlation with the crude incidence rate. For idiopathic
epilepsy, the SDI showed negative correlations with the
crude DALY and mortality rates and a weak positive cor-
relation with the crude incidence rate.

Discussion

In 2019, combined neurologic disorders accounted for
12.2% and 18.5% of DALYs and all-cause mortality in Asia,
respectively. Combined neurologic disorders were first
reported in this study as the most common cause of
DALYs and the second cause of deaths in Asia in 2019,
which were the second contributor to DALYs and deaths
in the global burden,' and third to DALYs and deaths in
Europe.6

From 1990 to 2019, there was a significant decrease in age-
standardized mortality and DALY rates of combined neuro-
logic disorders and a significant increase in the absolute
numbers in Asia. Extended life expectancy, reduction of pre-
mature mortality and aging populations might be partly re-
sponsible for these findings. Notably, the absolute numbers
and age-standardized mortality and DALY rates of tetanus,
meningitis, and encephalitis sharply decreased. The advent of
modern medicine and public health interventions, such as
vaccines and antibiotics, may be a major contributor.'® These
divergent trends in the decline of the burden of communi-
cable diseases and the rise of noncommunicable diseases
are consistent with the hypothesis in previous studies that
the global burden is shifting from communicable to non-
communicable diseases."

In 2019, among the neurologic disorders, the 3 largest con-
tributors to DALY across Asia were stroke, migraine, and AD
and other dementias, similar to the global and European
burdens."® However, for geographical and socioeconomic
variation, there were some heterogeneities within Asia be-
tween this study and the 2016 GBD study. Meningitis was the
third contributor to the neurologic burden in South Asia and
other low SDI countries, indicating a dual burden of

Neurology.org/N

communicable and noncommunicable neurologic disorders

in these countries due to urbanization, growing income dis-
iy .. 1T

parities, and health service inequalities.

In Asia, the impact of demographic changes on the burden of
neurologic disorders has its own characteristics. On one hand,
the prevalence of noncommunicable neurologic disorders
increased with the aging population, except for TTH, mi-
graine, and idiopathic epilepsy. On the other hand, age-related
diseases such as stroke, PD, and AD and other dementias
showed varying degrees of earlier DALY peaks in Asia com-
pared with the burden in Europe. For example, compared
with the European burden (age 75-79 years) in 2017, the
DALY peak of stroke was 10 years earlier in Asia.® National
and regional differences in age distribution, diets and life-
styles, prevention, and management are possible explanations.

There was a correlation between the SDI and health outcomes
of most neurologic diseases, such as mortality and DALYs.
Take stroke, for instance, as previously reported, most studies
on stroke prevention and treatment were performed in de-
veloped countries and territories, yet more than 85% of stroke
occurred in developing countries and territories.'* High and
high-middle SDI countries performed better than low and
low-middle SDI countries for health service delivery based on
coverage indices, possibly due to having more and better re-
sources and research productivity.'?

In 2019, stroke was the most important cause of neurologic
disorder burden in Asian countries and territories, except for
Israel (migraine first, followed by stroke). Despite the de-
crease in age-standardized DALY rate, the proportion of
stroke DALYs across Asia was still significantly higher than
that in Western developed countries and even worldwide. "
Specifically, the situation among countries with different SDIs
was dichotomized. The proportion of DALYs in middle SDI
countries was much higher than that in high and low SDI
countries. This condition may be influenced by many factors.
Compared with the middle SDI countries, it may be attributed
to the vigorous development of health undertakings in the
high SDI countries, including updating stroke guidelines
regularly, risk factor control, preventive medication, lifestyle
changes, early intervention after acute stroke, and exercise
1614 Based on the data quality rating in this study,
insufficient or missing data may be one of the main reasons for
the low DALY proportion in low SDI countries.

after stroke.

The burden of stroke was shown to be attributed to risk
factors in previous studies and this study."®> The 5 top risk
factors were similar to those in non-Asian populations.16
However, differing patterns of stroke risk factor profiles have
been noted in Asian countries and territories over the past
decades. High systolic blood pressure had the highest effect
on stroke (particularly, hemorrhagic stroke) in Asia, with a
56% attribution of stroke-related DALYs, which was higher
than the proportion reported in the United Kingdom (47.7%)
and the United States (47.8%)."” By region, the Western
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Pacific region had the highest number of ischemic stroke—
related deaths and DALYs in 2015, followed by Southeast
Asia, reflecting the heavy industry and air pollution hotspots
within the developing nations of these regions.'®

For headache, TTH is the most prevalent and highest in-
cidence neurologic disorder in Asia, followed by migraine.
Conversely, the DALYs of migraine were substantially higher
than those of TTH (up to 10-fold). The incidence of migraine
and TTH peaked among young and middle-aged adults, so the
increase in the prevalence of migraine and TTH is more likely
due to population growth rather than the effects of aging. The
chief cause for the slight increase in age-standardized prevalent
rate of migraine is medication overuse headache, which was
previously considered an isolated disorder. However, in the GBD
2019, it was considered a sequela of either migraine or TTH,
with migraine accounting for >70% of the burden of medication
overuse headache.® The 2016 Lancet GBD study reported that
China had the lowest age-standardized migraine prevalence;
however, in this study, in 2019, China was one of the countries
with the fastest growing age-standardized prevalence in Asia.’
The increased prevalence of migraine in China from the 2016
GBD study to this analysis can likely be attributed to improved
diagnosis.19 Until now, most interventions have aimed at the
management of symptoms. No risk factors have yet been
established in GBD studies for migraine and TTH.

AD and other dementias were also a very common cause of
burden attributable to neurologic disorders in Asia, ranking
third in most countries and territories. For the absolute
number of all metrics, due to the aging population, AD and
other dementias were already the fastest growing diseases,
with a nearly 2.5-fold increase from 1990 to 2019. In addition
to cognitive decline, patients with AD and other dementias
may also experience mental symptoms such as delusion and
hallucination at advanced stages. Therefore, patients at ad-
vanced stages of AD and other dementias incur a considerable
cost of care. The combination of the rising prevalence and
increasing cost of care is leading to an increase in total societal
costs of up to 10-fold from 2010 to 2050.%°

Notably, PD showed a large increase in its burden, which
almost doubled during the study period. The DALYs of
PD increased with advanced age, wherein male individ-
uals showed a higher level than female individuals (male-
to-female ratio, 1.70). This difference could be attributed
to occupational among men.'?  Under-
diagnosis, comorbidity occurrence, or lack of care might
explain the decline among individuals older than 90 years
after the peak period of 85-89 years.21 Smoking was
negatively correlated with PD, and there was a significant
sex difference, with —17.9% and -1.7% of attributable
DALYs among males and female individuals, re-
spectively. A Korean study confirmed that male current
smokers tended to have a lower risk of PD than female
current smokers at equal smoking intensity and duration,
which was consistent with our analysis.”> Notably,

exposures
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smoking should not be encouraged, although these data
show that smoking may be beneficial for PD.

For MS, the increasing age-standardized prevalence and in-
cidence rates between 1990 and 2019 were caused by sub-
stantial improvements in neuroimaging techniques and the
identification of disease. Therefore, there may be an untrue
increment in its incidence.”® Smoking was positively correlated
with MS, and there was a significant sex difference, with at-
tributable DALYs of 21.5% among male and 3.2% among fe-
male individuals. The mechanism by which smoking leads to
MS is still unclear, but a community-based registry from Britain
showed that smoking was associated with a dose-dependent
worsening of motor function and that smokers experienced
accelerated deterioration compared with nonsmokers.”*

Despite the substantial increase in age-standardized rates of
incidence and prevalence, idiopathic epilepsy showed a sig-
nificant decrease in age-standardized DALYs and mortality
rates from 1990 to 2019 in Asia. This result suggested that
improved management and increased treatment opportuni-
ties reduced the mortality risk and disease severity, and the
increased incidence might be partly due to more accurate case
ascertainment. Although there was no significant sex differ-
ence in the incidence of epilepsy, alcohol use was positively
correlated with idiopathic epilepsy, with male predominance.

Over the past 3 decades, Asian countries and territories have
experienced rapid epidemiologic transitions for the burden of
neurologic disorders. However, due to public health challenges
and uneven economic development, healthcare reforms have had
different rates of success across the Asian region. The age-
standardized DALY rates of most neurologic disorders decreased,
but they increased in only S countries (Azerbaijan, Philippines,
Turkmenistan, Uzbekistan, and Tajikistan). On one hand, these 5
countries faced some basic public health challenges, including the
dual burden of communicable and noncommunicable diseases,
limited scientific productivity, and problems associated with the
lack of treatment standardization.”® These Central and West
Asian countries, Azerbaijan, Turkmenistan, Uzbekistan, and
Tajikistan, inherited the centralized medical system practiced in
the Soviet Union and have initiated wide-ranging reforms since
the second half of the 1990s.* However, the pace of healthcare
reforms varied in these countries; for example, health reform
failed in Turkmenistan in the 2000s and was delayed by civil war
in Tajikistan.”® In Philippines, due to low health insurance cov-
erage and health expenses that are largely financed out of pocket,
individuals tend not to seek health care until they experience
serious health problems."" It seems that the results of the GBD
were largely dependent on the consistency of government policy
and the state of economic development.

The rapidly growing burden of neurologic disorders in Asia
often results from the shortage of neurologists, insufficient
preventive care, inadequate infrastructure for treatment, and a
lack of education about the prevention and treatment of these
diseases. Asia constitutes 60% of the world’s population but
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contains only 20% of the world’s neurologists. This disparity
in the distribution of neurologists is particularly evident in
South and Southeast Asia.”® For these low and low-middle
SDI Asian countries with limited economic capacity, pre-
ventive care is more important than treatment. Therefore, for
policy makers, in conjunction with neurologist training, public
health education, primary prevention interventions, and
early detection of neurologic disorders through strengthened
healthcare systems can considerably reduce the burden of
neurologic disorders.

Several limitations of this study should be noted. First, because
original data were scarce or missing in many low-income and
middle-income countries and territories, Bayesian statistical
models were used to estimate disease prevalence and deaths for
those countries and territories. In those countries and territories,
estimates depended heavily on predictive covariates and geo-
graphical proximity; therefore, the estimates were uncertain. It is
necessary to conduct high-quality epidemiologic studies in coun-
tries and territories where information was missing. Second, brain
and other CNS cancers were not subclassified by etiology. Third,
the disability weights used for the calculation of YLDs might not
be uniform across populations and sociodemographic strata.

Neurologic disorders were the leading cause of DALYs and
the second leading cause of death in Asia in 2019, and the
burden may likely increase with the growth and aging of the
Asian population. Urgent measures are needed for pre-
vention, treatment, rehabilitation, and support services for
common neurologic disorders nationally and regionally.
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