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ABSTRACT

Objectives To evaluate the most up-to-date burden of
traumatic brain injury (TBI) and spinal cord injury (SCI)
and analyse their leading causes in different countries/
territories.

Design An analysis of Global Burden of Disease (GBD)
data.

Setting The epidemiological data were gathered from
GBD Results Tool (1 January, 1990—31 December 2019)
covering 21 GBD regions and 204 countries/ territories.
Participants Patients with TBI/SCI.

Main outcomes and measures Absolute numbers and
age-standardised rates/estimates of incidence, prevalence
and years lived with disability (YLDs) of TBI/SCI by location
in 2019, with their percentage changes from 1990 to
2019. The leading causes (eg, falls) of TBI/SCI in 204
countries/territories.

Results Globally, in 2019, TBI had 27.16 million

new cases, 48.99 million prevalent cases and 7.08
million YLDs. SCI had 0.91 million new cases, 20.64
million prevalent cases and 6.20 million YLDs. Global
age-standardised incidence rates of TBI decreased
significantly by —5.5% (95% uncertainty interval —8.9%
to —3.0%) from 1990 to 2019, whereas SCI had no
significant change (—6.1% (—17.3% to 1.5%)). Regionally,
in 2019, Eastern Europe and High-income North America
had the highest burden of TBI and SCI, respectively.
Nationally, in 2019, Slovenia and Afghanistan had the
highest age-standardised incidence rates of TBI and SCI,
respectively. For TBI, falls were the leading cause in 74%
(150/204) of countries/territories, followed by pedestrian
road injuries (14%, 29/204), motor vehicle road injuries
(5%, 11/204), and conflict and terrorism (2%, 4/204). For
SCl, falls were the leading cause in 97% (198/204) of
countries/territories, followed by conflict and terrorism
(3%, 6/204).

Conclusions Global age-standardised incidence rates

of TBI have decreased significantly since 1990, whereas
SClI had no significant change. The leading causes of TBI/
SCI globally were falls, but variations did exist between
countries/territories. Policy-makers should continue to
prioritise interventions to reduce falls, but priorities may
vary between countries/territories.

,'® Shiging Feng,"*

STRENGTHS AND LIMITATIONS OF THIS STUDY

= One of the strengths of this study was that it provid-
ed the most up-to-date global, regional and national
burden of traumatic brain injury (TBI)/spinal cord
injury (SCI) from 1990 to 2019.

= Another strength of this study was that it presented
the variations of leading causes of TBI/SCI in 204
countries/territories, which have not been assessed
before.

= One of the limitations was that this study might
underestimate the true incidence and period prev-
alence of TBI/SCI; was unable to calculate lifetime
prevalence of TBI/SCI through the Global Burden of
Disease (GBD) data.

= The second limitation was that the estimates of TBI/
SCI for some data-sparse countries/territories in this
study should be interpreted carefully.

= The third limitation was that this study could not as-
sess associations between risk factors and TBI/SCI
burden through the GBD data.

INTRODUCTION
Traumatic brain injury (TBI) and spinal cord
injury (SCI) continue to pose challenges to
the global public health systems, and the
resulting disabilities have brought a huge
economic burden to patients, public health
systems and societies. * Compared with the
previous Global Burden of Disease (GBD)
2016 Study,” * new available data sources and
improved statistical methods in the GBD
2019 Study led to the GBD 2019 results super-
seding those from previous rounds of GBD.”
Besides, nine additional countries/ territories
were first incorporated in the calculation of
disease burden in the GBD 2019 Study.” An
update on the 2016 results of the burden of
TBI/SCI is therefore warranted.

Ding et al reported the burden of SCI at
the global and regional levels through the
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GBD 2019 data, but did not mention the disease burden
in individual countries/ territories.’ However, it will not
allow for identifying variations that can exist between
countries/territories within a same world or a same
geographical region. Take the previous GBD 2016 Study
as an example, the leading cause of TBI in the region,
North Africa and Middle East, was concluded to be falls.
It was true in Saudi Arabia, whereas it did not reflect the
reality in other countries/territories within North Africa
and Middle East, such as Afghanistan, where conflict and
terrorism was the leading cause of TBL* Failure to present
the data in individual countries/territories can prevent
policymakers from identifying which causes should be
targeted; wasting resources and reducing effectiveness of
any interventions.”

Therefore, in this study, we aimed to provide the most
up-to-date burden of TBI/SCI through the GBD 2019
data. Also, we analysed the leading causes of TBI/SCI
in 204 countries/territories. Finally, the associations
between the burden of TBI/SCI and Socio-demographic
Index (SDI) in 204 countries/territories was explored.

METHODS

Overview

This study of global health estimates followed the Guide-
lines for Accurate and Transparent Health Estimates
Reporting (GATHER) Statement and the Strengthening
the Reporting of Observational Studies in Epidemiology
(STROBE) Statement.”” The GBD 2019 Study estimated
burden of 369 diseases and injuries and 87 risk factors
through multiple epidemiological measures, including
incidence, prevalence, mortality, years of life lost (YLLs),
years lived with disability (YLDs) and disability-adjusted
life-years by age, sex, cause, year and location from 1990
to 2019.° Our methods used for estimation of the burden
of TBI and SCI were based on the framework of the GBD
2019 Study, which had already been described compre-
hensively elsewhere.” '’ Although TBI/SCI could cause
death, they were not defined as a cause-of-death in the
GBD 2019 Study.5 Therefore, in this study, we provided
the burden of TBI/SCI by incidence, prevalence and
YLDs, but not mortality or YLLs.

Case definitions

Based on the framework of the GBD 2019 Study,” the
definitions of TBI/SCI in this study relied on the Inter-
national Classification of Diseases, 9th Revision (ICD-9)
and the International Classification of Diseases, 10th
Revision (ICD-10), which had also been described in
details in the previous GBD 2016 Study published in The
Lancet Neurology.* Additionally, a clarification from the
GBD 2019 Study is that TBI and SCI are both defined
as a nature-ofinjury but not a cause-ofinjury.” For
example, TBI/SCI could be caused by a fall, the fall was
therefore defined as a cause-of-injury and TBI/SCI as a
nature-of-injury.

Data source

The data for 21 GBD regions and 204 countries/territo-
ries between 1 January 1990 and 31 December 2019 were
available from the GBD Results Tool (https://vizhub.
healthdata.org/gbd-results/). The data used in this study
were from patients requiring medical care in hospital and
emergency department records.” Furthermore, compared
with the GBD 2016 study, new available data sources were
incorporated into estimates of non-fatal injuries in the
GBD 2019 iteration, such as injury claims data from the
Accident Compensation Corporation in New Zealand,
national survey data from China, Ghana, India, Mexico,
Russian Federation and South Africa from the WHO’s
Study on Global AGEing and Adult Health, and litera-
ture studies data from India and South Africa based on
inputs from the GBD collaborator network.” Each data
source was assigned a unique identifier and included in
the Global Health Data Exchange (https://ghdx.health-
data.org/gbd-2019/data-input-sources). Additionally,
considering that there are variations in quality of data by
each country and territory, estimates in some data-sparse
countries/territories were modelled and predicted by
borrowing estimates from data-rich countries/territo-
ries.” Detailed data sources used to estimate the burden
of non-fatal injuries from each country and territory were
listed in online supplemental etable 1. More details of the
data sources and model strategies have been published
elsewhere.” "’

Calculation of incidence, prevalence and YLD

The features of data processing used to calculate inci-
dence, prevalence and YLDs in this study were consis-
tent with the framework of the GBD 2019 Study.5 First,
the data inputs of different cause-of-injury were incor-
porated and modelled by a Bayesian meta-regression
tool, DisMod-MR 2.1, to infer the incidence of each
cause-of-injury. Second, the GBD severity hierarchy for
nature-of-injury (online supplemental etable 2) was used
to establish a point-to-point relationship between cause-
of-injury and nature-of-injury, which means that when
multiple nature-of-injuries were caused by one cause-of-
injury, nature-of-injury with the highest rank in the GBD
severity hierarchy was selected to match it. Based on the
framework of the GBD 2019 Study,” because SCI had a
higher rank in the GBD severity hierarchy than TBI, SCI
was chosen if both conditions happened to an individual
in our study, which was also consistent with the calculation
process of the previous GBD 2016 Study published in The
Lancet Neurology." Third, for the short-term disability
(the duration was less than 1 year), the prevalence was
approximately calculated as the incidence multiplied by
the average duration. For the long-term disability (the
duration was more than 1 year), DisMod-MR 2.1 was used
to convert incidence to prevalence. Fourth, the GBD
disability weights (online supplemental etable 3) were
used to calculate YLDs. The GBD disability weights were
evaluated on a 0-1 scale, with 0 representing complete
health and 1 representing death.'" For the short-term
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disability, YLDs were calculated as the prevalence multi-
plied by the GBD disability weights. For the long-term
disability, YLDs were calculated with the similar process
but adjusted by comorbidity correction. Finally, the inci-
dence, prevalence and YLDs were aggregated to calculate
the all-cause incidence, prevalence and YLDs of TBI/
SCI. Due to some sampling errors and non-sampling vari-
ances, we calculated the 95% uncertainty interval (UI)
using the same methods described previously in the GBD
2019 Study.” Generally, Uls were from 1000 draw-level esti-
mates for each parameter, and 95% Uls were defined by
the 25th and 975th values of the ordered 1000 estimates.

Statistical analysis

First, according to the GBD location hierarchy (online
supplemental etable 4) in the GBD 2019 Study,” we calcu-
lated absolute numbers and age-standardised rates/esti-
mates of incidence, prevalence and YLD of TBI/ SCIAin 21
GBD regions and 204 countries/territories in 2019-"Fhe
age-standardised rate/estimate is calculated by Z—,

> wi

. . . =1
where q; is the age-specific rate/estimate of the age group

i, and w; is the weight of the age group i derived from
the GBD 2019 world population standard (online supple-
mental etable 5).12 Second, based on the framework of
the GBD 2019 Study,” we used percentage changes of
age-standardised rates/estimates of incidence, preva-
lence and YLD to calculate trends in the burden of TBI/
SCI from 1990 to 2019. If the 95% UI of a percentage
change did not include zero, it was determined to be a
significant change, and vice versa."” Third, according to
the GBD cause hierarchy (online supplemental etable 6)
in the GBD 2019 Study,” we analysed the leading causes
(eg, falls, pedestrian road injuries, motor vehicle road
injuries, conflict and terrorism) for age-standardised
incidence rates of TBI/SCI in 204 countries/territories
in 2019, and we also analysed trends in age-standardised
incidence rates of TBI/SCI caused by the leading causes
in the corresponding countries/territories from 1990
to 2019 (except three causes: conflict and terrorism,
exposure to forces of nature, and executions and police
conflict, which were considered as fatal discontinuities
and defined as random events due to not having predict-
able time trends in the GBD 2019 Study5). More details
about definitions of causes and corresponding ICD-9/
ICD-10 codes had already been described elsewhere.”
Fourthly, based on one prior GBD paper by GBD Fracture
Collaborators," we reported the top three countries/
territories with age-standardised incidence rates caused
by each cause, and the top three countries/territories
with both the largest increase and the largest decrease to
explore potential reasons for their cause-specific disease
burden. Finally, considering that the data were non-
normal distributed (Shapiro-Wilk test had a p<0.001),
the associations between SDI (a composite indicator of
income per capita, years of schooling, and fertility rate;

SDI ranges from 0 to 1 in the GBD 2019 Study, where 0
represents the lowest income per capita, the fewest years
of schooling, and the highest fertility rate, and vice versa,’
online supplemental etable 7) and the age-standardised
YLD rates in 204 countries/territories in 2019 were anal-
ysed by Spearman correlation tests to examine the effect
of SDI on the disease burden."”™" All statistical anal-
yses and figures drawing were conducted in R program
(V.4.1.3) and GraphPad Prism (V.7.0.0). Statistical signifi-
cance was defined as two-tailed p<0.05.

Patient and public involvement
None.

RESULTS

Global, regional and national disease burden

Globally, TBI had 27.16 (95% UI 23.36 to 31.42) million
new cases, 48.99 (46.84 to 51.32) million prevalent cases
and 7.08 (5.00 to 9.59) million YLDs in 2019 (table 1;
online supplemental etables 8-10). There were 346
(95% UI 298 to 401) cases per 100 000 population, 599
(573 to 627) cases per 100 000 population and 87 (61 to
117) YLDs per 100 000 population for age-standardised
incidence rates, age-standardised prevalence estimates
and age-standardised YLD rates of TBI in 2019, respec-
tively (figure 1; online supplemental efigures 1-3). SCI
had 0.91 (0.71 to 1.16) million new cases, 20.64 (18.93
to 23.61) million prevalent cases, and 6.20 (4.47 to 8.16)
million YLDs in 2019 (table 2; online supplemental
etables 11-13). There were 12 (9 to 15) cases per 100 000
population, 253 (231 to 290) cases per 100 000 popula-
tion, and 76 (55 to 100) YLDs per 100 000 population for
age-standardised incidence rates, age-standardised prev-
alence estimates, and age-standardised YLD rates of SCI
in 2019, respectively (online supplemental efigures 4-6).
Global age-standardised incidence rates of TBI decreased
significantly by -5.5% (95% UI -8.9% to -3.0%) from
1990 to 2019. By contrast, there was no significant change
in global age-standardised incidence rates of SCI (-6.1%
(-17.3% to 1.5%)) from 1990 to 2019. Regional and
national TBI/SCI burden were described in the online
supplemental eresults.

Leading causes by country and territory

Considering the cause-specific age-standardised inci-
dence rates of TBI in 2019, falls were the leading cause
in 74% (150/204) of countries/territories, followed by
pedestrian road injuries (14%, 29/204), motor vehicle
road injuries (5%, 11/204) and conflict and terrorism
(2%, 4/204) (figure 2; online supplemental etables 14).
The top three countries/territories with age-standardised
incidence rates by falls were Finland (418 (324 to 539)
cases per 100 000 population), Slovenia (401 (320 to 504)
cases per 100 000 population) and Croatia (400 (318 to
501) cases per 100 000 population) (out of 150 countries/
territories), by pedestrian road injuries were Mozam-
bique (103 (76 to 134) cases per 100 000 population),
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Figure 1 Age-standardised incidence rates per 100 000 persons of traumatic brain injury (A) and spinal cord injury (B) by

countries/territories, 2019.

Ghana (83 (61 to 109) cases per 100 000 population) and
Guinea-Bissau (71 (50 to 95) cases per 100 000 popula-
tion) (out of 29 countries/territories), by motor vehicle
road injuries were Comoros (86 (61 to 117) cases per 100
000 population), Mauritania (79 (56 to 109) cases per 100
000 population) and Cameroon (75 (52 to 103) cases per
100 000 population) (out of 11 countries/territories),
and by conflict and terrorism were Afghanistan (356 (134
to 798) cases per 100 000 population), Yemen (256 (103
to 590) cases per 100 000 population) and Syrian Arab
Republic (180 (68 to 394) cases per 100 000 population)
(out of 4 countries/territories) (figure 3).

For SCI, falls were the leading cause for age-standardised
incidence rates in 97% (198/204) of countries/terri-
tories in 2019, followed by conflict and terrorism (3%,
6/204) (online supplemental etables 15). The top three
countries/territories with age-standardised incidence
rates by falls were Greenland (23 (15 to 34) cases per 100
000 population), Norway (21 (14 to 33) cases per 100 000
population) and Sweden (19 (12 to 29) cases per 100 000
population) (out of 198 countries/territories), and by
conflict and terrorism were Afghanistan (40 (8 to 128)

cases per 100 000 population), Yemen (22 (5 to 66) cases
per 100 000 population) and Syrian Arab Republic (21 (4
to 64) cases per 100 000 population) (out of 6 countries/
territories). Percentage changes of cause-specific TBI/
SCI burden were described in the online supplemental
eResults.

Disease burden by Socio-demographic Index

Generally, a positive association was found between age-
standardised YLD rates of TBI and SDI in 204 countries/
territories in 2019 (p=0.42, p<0.001) (online supple-
mental efigure 7). SCI on the other hand, had no statis-
tical association with SDI (p=-0.05, p=0.49), although the
SCI burden in a few countries/ territories, such as Afghan-
istan, far exceeded those of others.

DISCUSSION

This study provided the most up-to-date burden of TBI
and SCI using GBD 2019 data. It also presented the vari-
ations between the leading causes of TBI/SCI in 204
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Figure 2 The leading causes for age-standardised incidence rates of traumatic brain injury (A) and spinal cord injury (B) by
countries/territories, 2019

countries/territories. Finally, it explored the associations
between each national SDI and the burden of TBI/SCI.

Incidence of TBI/SCI
Globally, the age-standardised incidence rates of TBI
significantly decreased since 1990. This improvement
may reflect the benefits of global initiatives to reduce TBI
rates. For example, major efforts have focused on road
safety and reduced road-related injuries, a leading cause
of TBI globally.”® In 2004, the United Nations General
Assembly and the WHO passed resolutions calling for
preventive measures against road injuries.'” The reso-
lutions were championed in many countries/territories
successively.'” The age-standardised TBI incidence rates
decreased significantly from 1990 to 2019 by -7.2%
(-11.9% to -2.0%) in Oman, -20.3% (-22.5% to -17.9%)
in Russia and -9.8% (-13.6% to -5.4%) in Sweden,
demonstrating the effectiveness of their interventions.
Unfortunately, the global age-standardised SCI inci-
dence rates did not significantly change despite the
decreases in TBI. Although we used the same GBD 2019

data, this conclusion differs from Ding et als finding
that the global age-standardised incidence rates of SCI
decreased since 1990.° Ding et al calculated the temporal
trends of the global age-standardised incidence rates
of SCI using the estimated annual percentage change
(EAPC).% The EAPC was based on a linear regression
mode of the age-standardised rates and the calendar
year.” However, EAPC can be biased in modelling inju-
ries from natural disasters or wars; if included, it inflates
estimates in volatile regions.”’ Furthermore, Ding et al
misinterpreted their statistical results.” The EAPC was
-0.08 but had a 95% confidence interval (CI) of -0.24
to 0.09.° By focusing only on the point estimate of —0.08
and neglecting the CI, they failed to convey that the CI
crossed zero. That approach may confuse and bring
biased information to policy-makers.”” Our study showed
a non-significant change in the global age-standardised
incidence rates of SCI (-6.1% (-17.3% to 1.5%)). The
lack of SCI change may be because motor vehicle acci-
dents are a major cause of TBI but not SCI. As discussed
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below, other interventions may be required to reduce
SCI 23 24

Causes of TBI/SCI

One challenge in any global effort to reduce falls is the
ageing population. The global population over the age
of 65 rose from 6.2% in 1990 to 9.1% in 2019.* Falls
are more common in older than younger adults owing
to sarcopenia, osteoporosis, sleeping disturbance, multi-
morbidity and frailty."> Several countries/territories with
high age-standardised incidence rates of TBI/SCI by falls
also have percentages of older adults that far exceeds
the world average of 9.1% of the population. Exam-
ples include Finland (22.1% of the population over the
age of 65 in 2019), Slovenia (20.2%), Croatia (20.9%),
Norway (17.3%) and Sweden (20.2%). Although some

components of falls are modifiable, some countries/terri-
tories have unique challenges due to their geographical
features. Finland, Norway and Sweden have cold climates
and unique environmental risk factors (ie, icy sidewalks)
that may increase their populations’ fall risk.”* *” Environ-
mental risks may need to be prioritised in these coun-
tries/territories, particularly as their populations age.
This study also examined changes in age-standardised
incidence rates by falls. Turkey had the largest increases
from 1990 to 2019 (TBI: 100.3% (88.8% to 114.5%), SCI:
110.5% (97.3% to 125.4%)). Armenia had a significant
decrease in both TBI (-35.1% (-41.2% to -28.4%)) and
SCI (-33.9% (-39.3% to —27.9%)). The reasons for this
change were unknown but may be related to changes in
resource allocation. The gross domestic product (GDP,
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current USD) in Armenia increased from US$2.26 billion
in 1990 to US$13.86 billion in 2019, leading to increased
healthcare spending that may have improved public
healthcare education.®*” By contrast, Turkey faced
economic difficulty in recent years; its GDP decreased
from US$957.78 billion in 2013 to US$761 billion in 2019,
which may have contributed to the significant increases in
this study.”

Road injuries were the leading cause of TBI in 20%
(40/204) of the countries/territories. There was a higher
prevalence in African countries/territories. One possible
reason for the high prevalence in Africa may be the rapid
increase in motor vehicle ownership,”" without sufficient
road infrastructure (ie, roads and traffic safety).?’g_35 A
previous study found non-adherence to traffic regula-
tions, poorly maintained roads, inadequate traffic signage
and a lack of pedestrian protections as possible reasons
behind Mozambique’s high age-standardised incidence
rates of TBL* The lack of sufficient safety around motor
vehicles is not limited to Africa. The Dominican Republic
also recorded high age-standardised TBI incidence rates;
this was also attributed to traffic safety, although the
reported reasons were high rates of people driving while
intoxicated and limited policing of traffic violations.”
The high burden of TBI by road injuries in these coun-
tries/territories demonstrates that despite some coun-
tries/territories having successfully reduced their road
injuries, challenges remain in others. Furthermore, the
variations in causes and rates of TBI in this study suggest
that global initiatives to reduce rates of motor vehicle
accidents or TBI need to consider the unique challenges
faced by each country and territory rather than a gener-
alist approach to rate reduction."

Finally, conflict and terrorism was the most common
cause of TBI/SCI in 2% (4/204) and 3% (6/204) of
countries/territories, respectively, such as Afghanistan,
Yemen and Syrian Arab Republic, which are likely attrib-
utable to the ongoing armed conflicts that have occurred
in these countries/territories over many years.”**’

TBI/SCI burden by SDI

The burden of TBI was generally higher in countries/
territories with higher SDI. One of the reasons for the
difference may be disparities in access to healthcare
resources." Medical resources are sufficient and easily
available in locations with higher SDI, so patients with TBI
can be treated and recorded in time. However, medical
resources are insufficient in locations with lower SDI, and
patients may die of treatable TBI and even fail to receive a
diagnostic code. Furthermore, data from countries/terri-
tories with higher SDI may be more reliable than loca-
tions with lower SDI, so estimates in locations with higher
SDI may be closer to the true disease burden.”

Strengths and limitations
This study had some strengths. First, it provided the

most up-to-date global, regional and national burden
of TBI/SCI from 1990 to 2019. The findings can help

policy-makers acquire the most up-to-date epidemiolog-
ical characteristics of TBI/SCI in 21 GBD regions and
204 countries/territories. Second, it presented variations
of leading causes of TBI/SCI in 204 different countries/
territories even within a same geographical region. For
example, the leading cause of TBI in the sub-Saharan
Africa region varied from falls in Angola to pedestrian
road injuries in Namibia to motor vehicle road injuries
in South Africa and conflict and terrorism in the Central
African Republic. Falls were also the leading cause of SCI
in most countries/territories in the North Africa and
Middle East (eg, Saudi Arabia, Egypt, Qatar); however,
conflict and terrorism were the leading cause in Afghan-
istan, Iraq, Libya, Syrian Arab Republic and Yemen. The
presentation of variations in different countries/territo-
ries can provide richer information than a regional anal-
ysis and help policy-makers identify which causes should
be targeted to improve the effectiveness of preventive
interventions.

This study also had some limitations. First, the data
sources relied on patients having medical records, so
reported estimates would underestimate the true inci-
dence. For example, there was a discrepancy between
the annual worldwide estimation of new TBI cases in this
study (27.16 million) and other recent expert sources
(more than 50 million).7 The underestimation may be
attributed to two reasons.

The first reason for underestimation is that the register-
based data may not cover all cases. For example, the
Nordic countries and the USA are considered to have
reliable statistics, but there are still patients treated at
facilities that are not covered by registries (eg, private
healthcare).” *! Further, many patients with mild TBI go
untreated and, therefore, unrecorded; population-based
studies with a broad definition of TBI show significantly
higher TBI incidence rates than those based on hospital
discharge rates.” The second reason for underestimation
is that clinical diagnosis codes may not accurately match
injuries, especially in patients with multitrauma. For
example, some patients may experience both TBI/SCI
from a traumatic event, but TBI would not be matched
to the individual because SCI had a higher rank than TBI
in the GBD severity hierarchy.” This is because after the
GBD TBI and SCI collaborators tried to apportion co-oc-
curring non-fatal injuries using regression methods, they
found that many long-term disabilities were assigned to
seemingly trivial non-fatal injury categories (eg, open
wounds/bruises), thus pulling disability away from more
serious non-fatal injury outcomes (eg, TBI/SCI).* There-
fore, this study followed the method that assigns one non-
fatal injury case to the most severe of any co-occurring
non-fatal injuries according to the GBD severity hier-
archy.*® This method was also used in the paper by the
GBD TBI and SCI collaborators published in the Lancet
Neurology.*

Second, this study might also underestimate the true
period prevalence. The GBD 2019 Study calculated
the period prevalence of non-fatal injuries through
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probabilities of permanent health loss.” Permanent

health loss relates to the probability of patients (1 year
after the injury) returning to a health status with more
disability than their preinjury health status.” However,
the probabilities of permanent health loss assessed in the
GBD Study may be grossly underestimated, especially for
TBI, because accurate TBI prevalence data are even more
limited than incidence data, especially in low-income/
middle-income countries; and TBI is not an isolated
event but can have variable long-term consequences,
including dementia, stroke, parkinsonism and epilepsy.’
For example, a large study from a Swedish registry found
higher probabilities of premature mortality, psychiatric
inpatient admission/outpatient visits, disability pension,
welfare recipiency and low educational attainment after
even a mild TBI compared with uninjured siblings.*
Furthermore, the associations between TBI and long-term
neurological diseases remain poorly understood; many
sequelae other than those mentioned above have not
been considered, leading to an underestimation of the
true TBI period prevalence.” Referring to the reviewer’
comments, we also attempted but could not calculate the
lifetime prevalence of TBI/SCI through the GBD data
because, while longitudinal cohort or survey analysis is
commonly used to calculate lifetime prevalence,” ** the
GBD Study is a cross-sectional analysis conducted itera-
tively on an annual basis.” Short-term disability caused by
non-fatal injuries is assumed to last less than 1 year in the
GBD Study, which means that the shortterm disability
after TBI/SCI in a given year may not be calculated for
prevalence in future iterations.

Third, a weakness of this study is the ability to esti-
mate incidence in countries with lower-quality data.
Estimates in some data-sparse countries/territories
were modelled and predicted by borrowing estimates
from data-rich countries/territories.5 Therefore, the
estimates of the data-sparse countries/territories (eg,
Democratic People’s Republic of Korea) might have
a greater deviation than the true incidence. Further-
more, the cause-specific burden (that is, the leading
cause) of TBI/SCI in some data-sparse countries/terri-
tories should be interpreted carefully. For example, it
is logically difficult to explain why falls have surpassed
traffic accidents as the leading cause of SCI in many
population-rich  Asian  countries/territories  (eg,
Malaysia) with chaotic traffic.

Fourth, the GBD 2019 Study did not link TBI/SCI with
risk factors such as behavioural factors (eg, alcohol use),
so we could not assess any associations between the two
(eg, disease burden attributable to certain risk factors) A

Finally, the GBD TBI and SCI collaborators defined
TBI/SCI by ICD-9/ICD-10 codes through physician
review. However, with reference to the reviewer’s
comments, there may be a minor error probably not
reflected in the results in the Lancet Neurology paper;
the ICD-10 code S06.0 (concussion) can be considered a
mild TBI, but S06.1 (traumatic cerebral oedema) in the
published paper cannot.*

Implications for future studies

First, population-based epidemiological studies may be
improved in the future through standardised defini-
tions (eg, standardised criteria for diagnosis), methods
(eg, case ascertainment based on multiple, overlapping
sources of information, such as hospitals, outpatient
clinics, general practitioners and death certificates), and
data presentation (eg, collection of a complete calendar
year of data).” These improvements would be especially
helpful in data-sparse locations to facilitate comparisons
between countries/territories. Second, there is a need for
better ways to characterise the currently under-recognised
risk of long-term disabling sequelae to bring estimates
closer to the true period prevalence, especially for mild
TBI. Furthermore, we hope that the GBD collaborators
include lifetime prevalence in future iterations to esti-
mate the global impact of TBI/SCI accurately. Last, we
hope that the GBD collaborators will include the burden
of TBI/SCI attributable to risk factors; this would provide
more detailed results on the causes of TBI/SCI and allow
for more targeted preventative strategies.

Conclusions

In conclusion, the global age-standardised incidence rates
of TBI had a significant decrease since 1990, whereas SCI
had no significant change. Falls were the leading cause of
TBI/SCI in 74% (150/204) and 97% (198/204) of coun-
tries/territories, respectively, but the variations of leading
causes of TBI/SCI did exist between countries/territo-
ries, even within a same geographic region. Although
declining, high burden of TBI remained a concern in
both higher and lower SDI countries/territories. High
burden of SCI from falls in almost all countries/terri-
tories demonstrates the need for falls reduction to be a
global priority now and into the future, but priorities may
vary between countries/territories.
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