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Introduction: Traumatic Brain Injuries (TBIs) are a significant source of disability

and mortality, which disproportionately affect low- and middle-income countries. The

Republic of Seychelles is a country in the African region that has experienced rapid

socio-economic development and one in which all deaths and the age distribution

of the population have been enumerated for the past few decades. The aim of this

study was to investigate TBI-related mortality changes in the Republic of Seychelles

during 1989–2018.

Methods: All TBI-related deaths were ascertained using the national Civil Registration

and Vital Statistics System. Age- and sex-standardised mortality rates (per 100,000

person-years) were standardised to the age distribution of the World Health Organisation

standard population.

Results: The 30-year age-standardised TBI-related mortality rates were 22.6 (95%

CI 19.9, 25.2) in males and 4.0 (95% CI 2.9, 5.1) in females. Road traffic collisions

were the leading contributor to TBI-related mortality [10.0 (95% CI 8.2, 11.8) in

males and 2.7 (95% CI 1.8, 3.6) in females, P > 0.05]. TBI-related mortality was

most frequent at age 20–39 years in males (8.0) and at age 0–19 in females (1.4).

Comparing 2004–2018 vs. 1989–2003, the age-standardised mortality rates changed

in males/females by −20%/−11% (all cause mortality), −24%/+39.4% (TBIs) and

+1%/+34.8% (road traffic injury-related TBI).

Conclusion: TBI-related mortality rates were much higher in males but decreased

over time. Road traffic collisions were the single greatest contributor to TBI mortality,

emphasising the importance of road safety measures.
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INTRODUCTION

Traumatic brain injuries (TBIs) are a major cause of mortality
and disability worldwide (1–3). TBIs are mainly caused by
external kinetic forces to the head—which occur frequently in
the context of road traffic collisions, interpersonal violence,
subsequent to falls and during sporting activities (4–7). Globally,
it is estimated that approximately 27–69.0 million out of 7.3
billion people are diagnosed with TBIs annually, with an
incidence of 351–939 cases per 100,000 population (8, 9). On
the other hand, an earlier study from 2007 found the global
annual incidence at 106 cases per 100,000 population (10). The
increase reflects a rise in the TBI incidence over time. The
occurrence of TBIs among the younger population is mainly
due to collisions in the road environment, while falls account
for a higher proportion of TBIs among older people (1, 2,
11–13). Persons who have been diagnosed with a TBI are
often affected by long-term disabilities including cognitive and
physical impairments, behavioural changes, impaired attention
and psychological problems such as depression (1, 4, 11).

Mortality due to TBIs is considerably higher in low- and
middle-income countries (LMICs) (8, 14, 15). The annual
incidence of TBI was estimated to be 49.9 million out of
6.1 billion people (0.8%) in LMICs, with 7.9 million out
of 990.2 million (0.8%) being in the African region alone,
compared to 17.9 million out of 1.1 billion (1.5%) in all High
Income Countries (HICs) (8). This could be related to a higher
overall frequency of external causes of mortality in LMICs,
including higher rates of road traffic injuries as a result of
rapidly increased motorisation and limited access to adequate
management for TBI patients (5, 14). Unintentional falls among
older people have been linked to shortened life expectancy
and higher occurrence of comorbidities such as Parkinson’s
disease, Alzheimer’s disease, incontinence, mobility limitations,
visual and cognitive impairments and inadequate medication
adherence (12, 13, 16–21). Additionally, TBIs represent a large
economic burden in terms of health care, loss of productivity and
income, both at the individual and national levels (22).

TBI-related mortality rates differ widely between populations.
Studies conducted in LMICs have found higher rates of TBI-
related mortality in rural vs. urban populations, with evidence
of a significant gendered gradient (1, 13, 23, 24). Systemic issues
within the healthcare systems of resource-limited settings often
pose challenges, including delay in accessing health providers,
ill-functioning equipment, lack of diagnostic equipment, and
inadequate case management, which can adversely impact on
outcomes after TBIs (14).

A limited number of studies on external causes of mortality
and TBI have been conducted in LMICs, which could be

attributed to a paucity of quality data and other funding priorities
(25, 26). Therefore, it is important to conduct nationwide

population-based research on TBI mortality in less studied areas.

The availability of mortality data from the Civil Registration and
Vital Statistics system in Seychelles, covering a span of at least
30 years, provides a valuable data resource for such research. We
hypothesise that road traffic crashes are the leading contributor
to TBI mortality in Seychelles. The aim of this study was to

estimate the changes in TBI-related mortality in the Republic of
Seychelles, where the population and cause-specific deaths have
been enumerated for several decades and data were available for
the period between 1989 and 2018.

METHODS

Data and Study Population
The Republic of Seychelles is an island archipelago located
east of Kenya and north of Mauritius. It is a member of
the African Union. The population was 96,762 in 2018, (27)
with a majority of inhabitants being of African descent. The
population has been enumerated through national censuses
every ten years, approximately, for the past few decades,
with numbers annually adjusted following census by the
administrative authorities (28, 29).

Cause-specific mortality is available from the Seychelles Civil
Registration andVital Statistics system based on death certificates
for all deaths in the country (28, 29). Electronic data were
available for the period between 1989 and 2018. We previously
published trends in mortality from external causes between 1989
and 2018 (28). This study focuses on TBI-related mortality.

The death certificates include 4 fields for underlying causes
of death (primary cause, secondary cause, tertiary cause and
related conditions). The death certificates are filled out by a
licenced physician at the time of death. We considered a TBI
to be the cause of death if an entry in a vital statistics record
mentioned, in any of these four fields, a skull fracture, intracranial
injury, crushing head injury, or an unspecified head injury. If
a record in the vital statistics database mentioned a TBI, but
other information in the record suggested another primary cause
of death (e.g., heart attack, etc.), or if it was not possible to
unambiguously determine that the death was actually due to a
TBI, the case was not included in the analysis (hence TBI-related
mortality rates are likely to be conservative in this study). All
TBI-related deaths were individually reviewed by the authors AA
and JPP. We used the World Health Organisation International
Classification of Diseases, 10th revision (ICD-10) including S06,
which corresponds to fractures of the skull, intracranial injuries,
crushing injuries of the head, traumatic amputation of part of the
head, and other/ unspecified injury of the head.

Statistical Analysis
The age-standardised mortality rates were directly standardised
to the age distribution of the WHO world standard population
(30). Age-standardised rates provide frequency estimates that
are independent from demographic changes in the interval.
Indeed, the population of Seychelles increased substantially in
size (from 67,038 in 1989 to 96,772 in 2018) and in age
(e.g. 6.4% of the population was aged more than 64 years
in 1989 vs. 10.0% in 2018). The age-standardised mortality
rates were estimated for two 15-year periods (1989–2003, 2004–
2018) to assess changes over time. We also estimated TBI-
related mortality rates according to age (0–19, 20–39, 40–
59, and 60 years and older), based on all data in 1989–
2018. We used 15-year intervals due to the small population
and small numbers of TBI-related deaths. Analysis was done
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TABLE 1 | Numbers of deaths due to all causes, all external causes, and external causes related to TBI in 1989–2018.

Males (%) Proportion for

which TBI was

the attributable

cause of death

out of all

external causes

Proportion for

which TBI was

the attributable

cause of death

out of all deaths

Females (%) Proportion for

which TBI was

the attributable

cause of death

out of all

external

causes

Proportion for

which TBI was

the attributable

cause of death

out of all death

All causes 10,889 (57.4) 8,072 (42.6)

All external causes 1,263 (78.4) 349 (21.6)

All external causes related to TBI 277 (84.7) 21.9 2.5 50 (15.3) 14.3 0.6

By mechanism of injury

Road traffic injuries 125 (79.1) 55.6 1.2 33 (20.9) 57.9 0.4

Falls 33 (94.3) 58.9 0.3 2 (5.7) 25.0 0.02

Homicide 16 (80.0) 18.0 0.2 4 (20.0) 14.8 0.05

Drowning 3 (100.0) 1.0 0.03 0 (0.0) 0.0 0.0

Suicide 2 (100.0) 1.6 0.02 0 (0.0) 0.0 0.0

*Other unintentional injuries 12 (100.0) 7.9 0.1 0 (0.0) 0.0 0.0

External causes,

undetermined intent

86 (88.7) 50.0 0.8 11 (11.3) 34.4 0.1

By age group

0–19 42 (71.2) 35.0 7.7 17 (28.8) 37.0 4.3

20–39 110 (89.4) 21.7 10.2 13 (10.6) 14.8 3.1

40–59 90 (90.9) 23.7 3.3 9 (9.1) 16.7 0.9

60+ 35 (76.1) 13.7 0.5 11 (23.9) 6.8 0.2

*Other unintentional injuries include hit by an aircraft propeller, rock accidents, epilepsy, helicopter crashes, crushing injuries, boat accidents and falling off a moving vehicle.

Percent between brackets shows the percentage from total in males and females.

using Stata 16 (StataCorp, TX, USA). We tested differences in
mortality rates across the two time periods using the Wilcoxon
rank-sum non-parametric test (31). Ethical approval and
authorisation to use the data were obtained from the Ministry
of Health, Republic of Seychelles. Furthermore, the Ethical
Commission of the University of Heidelberg, upon assessment,
declared that the study did not require additional ethical
approval. Analyses were retrospective and involved completely
anonymised data.

RESULTS

Table 1 shows the number of deaths during 1989–2018 related
to all causes, all external causes, all TBI-related external causes,
as well as the distribution of TBI-related deaths, mechanism of
injury and age. During the 30-year interval, TBI-related deaths
contributed 277 out of 10,889 deaths (2.55%) in males and
50 out of 8052 deaths (0.62%) in females. TBI-related deaths
contributed 278 out of 1,263 deaths (21.9%) due to all external
causes in males and 50 out of 349 deaths (14.3%) in females.
Hence, the number of TBI-related deaths were much higher
in males. The proportions of TBI-related deaths, out of all
external causes of death, were also higher in males (21.0%) than
in females (14.3%). The TBI-related mortality was highest at
the age group 20–39 years in males (39.7%) and at age group
0–19 years (34.0%) in females. The mean age for TBI-related
mortality was 38 years [Standard Deviation (SD) = 20] (males:

38, SD 18; females: 36, SD 26) suggesting no difference between
sex for the mean age when TBI deaths occurred (p = 0.425).
Road traffic injuries were the leading cause of TBI-associated
deaths (48.0%). Road traffic injuries (males: 125/females: 33),
falls (33/2), homicide (16/4) were the three most frequent
causes of TBI-related deaths, but external causes of deaths
of undetermined intent also contributed substantial numbers
(86/11).

Table 2 shows the age-standardised mortality rates in 1989–
2003 and in 2004–2018 for total (all-cause) mortality, all
external causes and selected TBI-related causes. In 2004–
2018 (“current situation”), the TBI-related mortality rates (per
100,000 persons–years) were 20.0 in males and 4.6 in females.
During the 30-year period, from 1989 to 2018, the TBI age-
standardised mortality rates were 22.6 (95% CI 19.9, 25.2) among
males and 4.0 (95% CI 2.9, 5.1) among females, respectively.
Overall, these findings show that the age-standardised TBI-
related mortality was approximately 4 times higher in males
than in females but the proportions of TBI-related mortality
from all external causes of death were similar in males
and females (consistent with the nearly 4 times higher age-
standardised mortality rates due to all external causes among
males) (Figure 1).

During the period 2004–2018, the main causes for TBI-related
mortality were road traffic injuries (males: 10.0; females: 3.1), fall-
related TBIs (3.5; 0.1), and homicide-related TBIs (1.2; 0.5), with

substantial TBI-related mortality from undetermined causes in
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TABLE 2 | Age-standardised mortality rates for all causes, all external causes and leading specific TBIs during 1989–2003 and 2004–2018.

1989–2003 2004–2018

Sex Rate 95% CI Rate 95% CI p-value RD

Total mortality (all causes) M 1,246.5 1,212.7, 1,280.4 997.8 972.8, 1,022.8 <0.001 −20.0

F 585.4 566.1, 604.8 520.0 504.7, 535.3 <0.001 −11.2

All external causes M 120.0 110.2, 129.9 96.3 88.8, 103.8 0.125 −19.8

F 25.8 21.6, 30.0 25.8 22.1, 24.9 0.504 0.0

All TBIs (among all external causes) M 26.3 21.8, 30.9 20.0 16.7, 23.4 0.247 −24.0

F 3.3 1.8, 4.7 4.6 3.0, 6.3 0.338 +39.4

Road traffic injury TBIs M 9.9 7.3, 12.6 10.0 7.6, 12.4 0.781 +1.0

F 2.3 1.0, 3.6 3.1 1.7, 4.4 0.537 +34.8

Fall-related TBIs M 1.7 0.5, 2.9 3.5 2.1, 4.9 0.012 +105.9

F 0.2 <0.1, 0.5 0.1 <0.1, 0.4 0.881 −50.0

Homicide-related TBIs M 1.4 0.3, 2.5 1.2 0.4, 2.0 0.855 −14.3

F 0.1 <0.1, 0.4 0.5 <0.1, 1.1 0.428 +400.0

*Other TBI-related causes M 2.0 0.8, 3.2 0.8 0.2, 1.5 0.122 −60.0

F 0.0 0.0, 0.0 0.0 0.0, 0.0 0.0 0.0

Undetermined intent, external causes of TBI M 11.2 8.2, 14.3 4.4 2.8, 6.0 0.001 −60.7

F 0.7 <0.1, 1.3 0.9 0.2, 1.6 0.577 +28.6

*Others: TBI-related mortality due to drowning, suicide and other unintentional injuries.

FIGURE 1 | Age-standardised mortality rates for all external causes (including TBIs) and TBI-related deaths only, according to sex and period.

males (males 4.4; females 0.9). Road traffic injuries corresponded
to 50% (10.0/20.0) of the overall TBI mortality in males and
67% (3.1/4.6) in females. Considering the period 1989–2018
(30-years), the age-standardised TBI mortality from road traffic

injuries was 10.0 (95% CI 8.2, 11.8) in males and 2.7 (95% CI 1.8,
3.6) in females. These findings emphasise that road traffic injuries
are the leading contributor to TBI-relatedmortality in bothmales
and females.
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Comparing data in 1989–2003 vs. 2004–2018, Table 2 shows
that TBI-related age-adjusted mortality rates decreased by 24.0%
(p > 0.05) in males. Among females, TBI-related mortality
rates increased by 39.4% (p > 0.05, admittedly based on very
small numbers). Although the small mortality rates for cause-
specific TBIs (particularly among females) prevent drawing
solid conclusions, it can be noted that mortality rates from
road traffic collisions slightly increased, although it was not
statistically significant.

Table 3 shows the age-adjusted mortality rates by age group.
Mortality rates for TBI were highest in males aged 20–39
years (8.0) and at ages 40–59 (7.4), and in females aged 0–
19 years (1.4). In contrast, the lowest mortality rates for TBI
mortality, were 3.4 at age 0–19 for males and 0.8 at age 40–59
for females.

DISCUSSION

During the three decades studied, we found that TBI-related
mortality in the Republic of Seychelles was approximately 4–5
times higher among males and highest at age 20–39 in males
and at age 0–19 in females. Comparing age-standardised rates
in 1989–2003 vs. 2004–2018, TBI-related mortality decreased in
males but did not change in females. Road traffic injuries were the
leading contributor to TBI-related mortality.

By international comparison, the mortality rates associated
with TBI in the Seychelles were similar to those reported in
China among males, but were lower among females (1). Both
studies used a civil registration and vital statistics system that was
representative of the entire country. However, the TBI-related
mortality among males was higher in Seychelles than reported
in studies from Austria and Ecuador, but lower than in Finland
and in the USA (24, 32–35). The fairly high rates in Seychelles
may be partly attributed to the high road traffic injury mortality
rates, consistent with high rates in LMICs but was also lower
(17.5%) than the global average of 23% (28, 36). The lower rates
in Seychelles compared to Finland (22.6 vs. 34.8 per 100,000) may
also be attributed to the inclusion of the paediatric population
in the former but not in the latter (32). However, other studies
in Finland found lower rates (17–18 per 100,000) (33, 37). Few
countries from the African region have civil registration systems
that cover their respective entire population. Studies from the
region have mostly focused on hospital records which may not
capture deaths occurring outside of clinical settings (5–7, 38, 39).

The TBI-related mortality was highest at age 20–39 years
in males but at age 0–19 years in females in Seychelles. In
other countries, the mortality rate was highest above the age
of 50 years in Rwanda (in both males and females) (25); and
above the age of 60 years in Ethiopia (38). However, direct
comparison is difficult as mortality in these other countries
was based on hospital admissions, which may not represent the
situation in the whole population. The study conducted in China
reported that the age-standardised TBI-related mortality rates
were highest among persons 75 years or older (1). Obviously,
the peak age for TBI-related mortality rates will depend on the
predominant underlying causes (e.g. road traffic collisions or

homicide predominately occurring in young adults vs. falls at
older ages).

Road traffic crashes were the leading mechanism of TBIs
regardless of sex in Seychelles; however, the vital statistics do
not generally include information on whether a deceased person
was a vehicle driver or passenger or a pedestrian. Similarly, road
traffic injuries were the leading cause of TBI-related mortality
in various studies in LMICs (6, 7, 25, 38). The age-standardised
mortality from TBIs related to road traffic injuries was similar
in Seychelles and in China, where the rates ranged from 7.7
to 12.4 among males and 2.5–4.1 among females per 100,000
person-years (1).

Falls were the second specific cause of TBI-related mortality
in Seychelles, consistent with findings in many other countries,
particularly HICs that have high proportions of older persons
(1, 6, 21, 38, 40–42). In Seychelles, only 17% of falls contributing
to TBI-related mortality were aged 60 years or older and as
many as 42.9% were aged 40–59-years. It must be noted that
not all deaths resulting from falls are associated with TBIs, and
death can result from various other conditions, e.g. complications
after orthopaedic surgery, pulmonary embolism, or infections
(16, 43, 44). In this study, none of the deaths from TBI-related
falls occurred among females older than 40 years.

Homicide was the third most frequent specific cause for
TBI-related mortality. Homicide is not particularly frequent in
Seychelles. For example, the public are not authorised to own
firearms, in contrast to many countries. A study from the USA
reported that firearm injuries were the leading cause of TBI
injuries (34). Homicide can be related to stabs, which are rarely
directed at the face and do not result in TBI-related death. Other
studies from Ethiopia, Malawi, Rwanda, Tanzania, and Uganda
have reported that assault (5–7, 25, 38, 39) was the second leading
cause of TBI-related mortality after road traffic injuries.

A substantial proportion of TBI-related mortality was due
to external causes with undetermined intent which reduced
over time. Death certificates, which must be completed by a
licenced physician in Seychelles, may not be explicit about
the circumstances of death (as opposed to police registries).
It is therefore not unexpected that a substantial proportion of
TBI-related deaths fall under “undetermined intent”. Further
information about TBI-related deaths would be obtained more
precisely from police records. The reduction in the TBI mortality
cases between the two time periods could be attributed to
improved documentation in the death certificates over time (28).

Regarding changes over time (1989–2003 vs. 2004–2018), the
TBI-related mortality decreased among males, similarly to the
decrease in all-cause mortality and in mortality from all external
causes. This may be related to better health conditions and health
care over time, as well as the implementation of safety-related
policies and programs inmany sectors. The TBI-relatedmortality
did not decrease among females, but rates were extremely low in
the first place.

Importantly, the TBI-related mortality due to road traffic
collisions did not decrease despite more stringent preventive
measures relating to traffic control over time. This can partly be
explained by the very large increase in cars (an increase by 5–10
times in 30 years) and subsequent increasing traffic density (28),
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TABLE 3 | Age-standardised TBI-related mortality rates according to period, sex and age.

Males Females

1989–2003 95% CI 2004–2018 95% CI 1989–2003 95% CI 2004–2018 95% CI

All TBIs

0–19 3.7 2.2, 5.2 3.1 1.7, 4.5 1.4 0.5, 2.4 1.4 0.4, 2.4

20–39 9.0 6.7, 11.3 7.1 5.2, 9.1 0.6 <0.1, 1.2 1.4 0.5, 2.3

40–59 8.4 5.6, 11.1 6.9 5.0, 8.7 0.7 <0.1, 1.6 0.8 0.2, 1.4

60+ 5.0 2.8, 7.3 2.8 2.8, 7.3 0.5 <0.1, 1.1 1.0 0.3, 1.8

Road traffic injury with TBI

0–19 2.8 1.5, 4.1 2.4 1.2, 3.7 1.0 0.2, 1.7 0.9 0.1, 1.7

20–39 4.0 2.5, 5.6 4.4 2.9, 5.9 0.5 <0.1, 1.0 1.1 0.3, 1.9

40–59 1.9 0.6, 3.2 2.4 1.3, 3.5 0.7 <0.1, 1.6 0.5 <0.1, 1.0

60+ 1.1 <0.1, 2.1 0.7 <0.1, 1.4 0.2 <0.1, 0.5 0.5 <0.1, 1.0

Falls with TBI

0–19 0.2 <0.1, 0.5 0.3 <0.1, 0.8 0.2 <0.1, 0.5 0.0 0.0, 0.0

20–39 0.3 <0.1, 0.7 1.0 0.2, 1.7 0.0 0.0, 0.0 0.2 <0.1, 0.4

40–59 0.7 <0.1, 1.5 1.5 0.7, 2.4 0.0 0.0, 0.0 0.0 0.0, 0.0

60+ 0.5 <0.1, 1.3 0.7 <0.1, 1.4 0.0 0.0, 0.0 0.0 0.0, 0.0

Homicide with TBI

0–19 0.0 0.0, 0.0 0.0 0.0, 0.0 0.0 0.0, 0.0 0.2 <0.1, 0.5

20–39 0.5 <0.1, 1.0 0.5 <0.1, 1.1 0.0 0.0, 0.0 0.2 <0.1, 0.4

40–59 0.5 <0.1, 1.1 0.5 <0.1, 1.0 0.0 0.0, 0.0 0.1 <0.1, 0.4

60+ 0.5 <0.1, 1.3 0.2 <0.1, 0.5 0.2 <0.1, 0.5 0.0 0.0, 0.0

*Others with TBI

0–19 0.2 <0.1, 0.5 0.2 <0.1, 0.5 0.0 0.0, 0.0 0.0 0.0, 0.0

20–39 1.1 0.3, 1.9 0.3 <0.1, 0.7 0.0 0.0, 0.0 0.0 0.0, 0.0

40–59 0.2 <0.1, 0.7 0.4 <0.1, 0.8 0.0 0.0, 0.0 0.0 0.0, 0.0

60+ 0.5 <0.1, 1.3 0.0 0.0, 0.0 0.0 0.0, 0.0 0.0 0.0, 0.0

Undetermined intent with TBIs

0–19 0.6 <0.1, 1.2 0.2 <0.1, 0.5 0.3 <0.1, 0.8 0.4 <0.4, 0.9

20–39 3.1 1.7, 4.4 1.0 0.2, 1.7 0.2 <0.1, 0.5 0.0 0.0, 0.0

40–59 5.1 3.0, 7.3 2.0 1.0, 3.0 0.0 0.0, 0.0 0.1 <0.1, 0.4

60+ 2.4 0.8, 3.9 1.2 0.3, 2.1 0.2 <0.1, 0.5 0.5 <0.1, 1.0

*The category “Others” includes TBI-related mortality due to drowning, suicide and other unintentional injuries.

in a context of topographic constraints (steep hills, high density
of houses) that limit efforts to further widen roads or make them
safer. Traffic injury collisions remain a main area for action to
reduce TBI-related deaths.

STRENGTHS AND LIMITATIONS

The study has several strengths. First, the population was
regularly enumerated and all deaths occurring in the whole
population were recorded during the entire study period.
Second, data extraction and coding were done in the same
manner for all deaths, which minimised errors due to different
interpretation of data entries. Thus, the data from 1989 was
coded using the ICD codes as soon as it was made available
to the researchers. Third, data used in this study included all
deaths (numerator) and the entire population (denominator),
which ensured that estimates are not only population-based,
but represent the exact situation at the whole country level

(i.e. not a subsample of the population). Additionally, the
causes of death related to TBIs were also reviewed by an
experienced neurotraumatologist/neurosurgeon (JPP), which
strengthens case validity. There are also several limitations. First,
the causes of death entered into the vital statistics database rely
on the physicians, often general practitioners, who complete the
death certificates. As in many other countries, physicians are
often not formally trained on how to complete death certificates
along the WHO disease classification procedures. Second, the
date of injury was rarely known, and the duration until death
could not be assessed, which can complicate the determination
of the cause of death, particularly in relation to TBI-related
mortality. Third, the number of TBI deaths particularly among
females were small whichmay have affected the stability of female
mortality rates. For example, there were 50 female TBI related
deaths during the 30-year period. However pooling data across
several years helped overcome this accuracy issue. Fourth, the
accuracy of data appearing in the death certificates may not be
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sufficiently detailed to reliably assess the aetiology of all TBIs.
Based on this limitation, it was not possible to reclassify the
undetermined intent categories to estimate the possibility and/or
degree of unmeasured classification bias nor conduct a sensitivity
analysis on this sample. As we included only TBIs for which the
identification of TBIs as a cause of death was fairly clear on the
death certificate, our TBI-related mortality estimates are likely to
be conservative (i.e., possibly underestimated).

CONCLUSION

The TBI-related mortality was much higher in males than in
females, consistent with a similar sex-difference in mortality rates
from all external causes. Fortunately, the age-standardised TBI-
related mortality rates decreased over time among males. Road
traffic injuries continue to be the leading contributor of TBI-
related mortality, emphasising the important role of road safety.

DATA AVAILABILITY STATEMENT

The data is available on request from the Ministry of Health,
Seychelles. Requests to access these datasets should be directed
to customerservice@health.gov.sc.

ETHICS STATEMENT

Ethical review and approval was not required for the study
on human participants in accordance with the local legislation
and institutional requirements. Written informed consent from
the participants’ legal guardian/next of kin was not required

to participate in this study in accordance with the national
legislation and the institutional requirements.

AUTHOR CONTRIBUTIONS

AA led the analysis and the drafting of the paper under the
supervision of ML and JP. PB advised in the data analysis and
contributed to the writing of the paper. MS, BV, and TB critically
reviewed the paper. AA and ML had full access to the data and
take responsibility for the results. All authors agreed with the
final document.

ACKNOWLEDGMENTS

AA was supported by the EDCTP/TDR Clinical Research and
Development Fellowship Program, World Health Organisation,
Geneva, Switzerland; a grant from The John Harvey Lowery
Foundation, USA; and the University of Turku Joint Research
Grant Fund, Finland. JP received funding from Academy
of Finland (#17379) and Government’s Special Financial
Transfer tied to academic research in Health Sciences
(#11123 and #11129). JP also received a grant from Maire
Taponen Foundation. ML was funded by a grant from the
Alexander von Humboldt-Stiftung, Bonn, Germany. We
also acknowledge the important contribution of the late
Joachim Didon, who had been compiling mortality data
in the Health Statistics Section of the Ministry of Health
of Seychelles, over the past 30 years. We acknowledge
financial support by the Open Access Publishing Fund of
Ruprecht-Karls-Universität Heidelberg.

REFERENCES

1. Cheng P, Yin P, Ning P, Wang L, Cheng X, Liu Y, et al. Trends in traumatic

brain injury mortality in China, 2006–2013: A population-based longitudinal

study. PLoS Med. (2017) 14:e1002332. doi: 10.1371/journal.pmed.1002332

2. Vella MA, Crandall ML, Patel MB. Acute management of traumatic brain

injury. Surg Clin North Am. (2017) 97:1015–30. doi: 10.1016/j.suc.2017.06.003

3. Stocchetti N, Carbonara M, Citerio G, Ercole A, Skrifvars MB, Smielewski P,

et al. Severe traumatic brain injury: targeted management in the intensive care

unit. Lancet Neurol. (2017) 16:452–64. doi: 10.1016/S1474-4422(17)30118-7

4. Azouvi P, Arnould A, Dromer E, Vallat-Azouvi C. Neuropsychology of

traumatic brain injury: an expert overview. Rev Neurol. (2017) 173:461–72.

doi: 10.1016/j.neurol.2017.07.006

5. Staton CA, Msilanga D, Kiwango G, Vissoci JR, de Andrade L, Lester R,

et al. A prospective registry evaluating the epidemiology and clinical care of

traumatic brain injury patients presenting to a regional referral hospital in

Moshi, Tanzania: challenges and the way forward. Int J Inj Contr Saf Promot.

(2017) 24:69–77. doi: 10.1080/17457300.2015.1061562

6. Eaton J, Hanif AB, Grudziak J, Charles A. Epidemiology, management, and

functional outcomes of traumatic brain injury in sub-Saharan Africa. World

Neurosurg. (2017) 108:650–5. doi: 10.1016/j.wneu.2017.09.084

7. Tran TM, Fuller AT, Kiryabwire J, Mukasa J, Muhumuza M, Ssenyojo H, et al.

Distribution and characteristics of severe traumatic brain injury at Mulago

national referral hospital in Uganda. World Neurosurg. (2015) 83:269–77.

doi: 10.1016/j.wneu.2014.12.028

8. Dewan MC, Rattani A, Gupta S, Baticulon RE, Hung Y-C, Punchak M, et al.

Estimating the global incidence of traumatic brain injury. J Neurosurg. (2019)

130:1080–97. doi: 10.3171/2017.10.JNS17352

9. James SL, Theadom A, Ellenbogen RG, Bannick MS, Montjoy-Venning

W, Lucchesi LR, et al. Global, regional, and national burden of traumatic

brain injury and spinal cord injury, 1990–2016: a systematic analysis for

the global burden of disease study 2016. Lancet Neurol. (2019) 18:56–87.

doi: 10.1016/S1474-4422(18)30415-0

10. Hyder AA, Wunderlich CA, Puvanachandra P, Gururaj G, Kobusingye OC.

The impact of traumatic brain injuries: a global perspective. Neuro Rehabil.

(2007) 22:341–53. doi: 10.3233/NRE-2007-22502

11. Nott MT, Gates TM, Baguley IJ. Age-related trends in late mortality

following traumatic brain injury: a multicentre inception cohort study:

age-related mortality trends after TBI. Australas J Ageing. (2015) 34:E1–6.

doi: 10.1111/ajag.12151

12. Sung K-C, Liang F-W, Cheng T-J, Lu T-H, Kawachi I. Trends in unintentional

fall-related traumatic brain injury death rates in older adults in the

United States, 1980–2010: a join point analysis. J Neurotrauma. (2015)

32:1078–82. doi: 10.1089/neu.2014.3509

13. Roozenbeek B, Maas AIR, Menon DK. Changing patterns in the

epidemiology of traumatic brain injury. Nat Rev Neurol. (2013) 9:231–6.

doi: 10.1038/nrneurol.2013.22

14. De Silva MJ, Roberts I, Perel P, Edwards P, Kenward MG, Fernandes J, et al.

Patient outcome after traumatic brain injury in high-, middle- and low-

income countries: analysis of data on 8927 patients in 46 countries. Int J

Epidemiol. (2009) 38:452–8. doi: 10.1093/ije/dyn189

15. MRC CRASH Trial Collaborators. Predicting outcome after traumatic brain

injury: practical prognostic models based on large cohort of international

patients. BMJ. (2008) 336:425–9. doi: 10.1136/bmj.39461.643438.25

16. Gardner RC. Dams-O’Connor K, Morrissey MR, Manley GT. Geriatric

traumatic brain injury: epidemiology, outcomes, knowledge gaps, and

Frontiers in Neurology | www.frontiersin.org 7 August 2021 | Volume 12 | Article 720434

https://doi.org/10.1371/journal.pmed.1002332
https://doi.org/10.1016/j.suc.2017.06.003
https://doi.org/10.1016/S1474-4422(17)30118-7
https://doi.org/10.1016/j.neurol.2017.07.006
https://doi.org/10.1080/17457300.2015.1061562
https://doi.org/10.1016/j.wneu.2017.09.084
https://doi.org/10.1016/j.wneu.2014.12.028
https://doi.org/10.3171/2017.10.JNS17352
https://doi.org/10.1016/S1474-4422(18)30415-0
https://doi.org/10.3233/NRE-2007-22502
https://doi.org/10.1111/ajag.12151
https://doi.org/10.1089/neu.2014.3509
https://doi.org/10.1038/nrneurol.2013.22
https://doi.org/10.1093/ije/dyn189
https://doi.org/10.1136/bmj.39461.643438.25
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles


Abio et al. Traumatic Brain Injury Mortality in Seychelles

future directions. J Neurotrauma. (2018) 35:889–906. doi: 10.1089/neu.2017.

5371

17. Eric Nyam T-T, Ho C-H, Wang Y-L, Lim S-W, Wang J-J, Chio C-C, et al.

The risk of traumatic brain injury occurring among patients with Parkinson

disease: a 14-year population-based study.World Neurosurg. (2018) 113:e328–

35. doi: 10.1016/j.wneu.2018.02.027

18. Ilmaniemi S, Taipale H, Tanskanen A, Tiihonen J, Hartikainen S, Tolppanen

A-M. Incidence of head injury and traumatic brain injury among people

with Alzheimer’s disease. J Epidemiol Community Health. (2019) 73:451–4.

doi: 10.1136/jech-2018-211960

19. Chiarelli PE, Mackenzie LA, Osmotherly PG. Urinary incontinence is

associated with an increase in falls: a systematic review. Aust J Physiother.

(2009) 55:89–95. doi: 10.1016/S0004-9514(09)70038-8

20. Fu WW, Fu TS, Jing R, McFaull SR, Cusimano MD. Predictors of

falls and mortality among elderly adults with traumatic brain injury:

a nationwide, population-based study. PLoS ONE. (2017) 12:e0175868.

doi: 10.1371/journal.pone.0175868

21. Van den Brand CL, Karger LB, Nijman STM, Hunink MGM, Patka P,

Jellema K. Traumatic brain injury in the Netherlands, trends in emergency

department visits, hospitalization and mortality between 1998 and 2012. Eur J

Emerg Med. (2018) 25:355–61. doi: 10.1097/MEJ.0000000000000457

22. Nguyen R, Fiest KM, McChesney J, Kwon C-S, Jette N, Frolkis AD, et al.

The international incidence of traumatic brain injury: a systematic review and

meta-analysis. Can J Neurol Sci. (2016) 43:774–85. doi: 10.1017/cjn.2016.290

23. Ventura T, Harrison-Felix C, Carlson N, DiGuiseppi C, Gabella B, Brown A,

et al. Mortality after discharge from acute care hospitalization with traumatic

brain injury: a population-based study. Arch Phys Med Rehabil. (2010) 91:20–

9. doi: 10.1016/j.apmr.2009.08.151

24. Ortiz-Prado E,Mascialino G, Paz C, Rodriguez-Lorenzana A, Gómez-Barreno

L, Simbaña-Rivera K, et al. A nationwide study of incidence and mortality due

to traumatic brain injury in Ecuador (2004–2016). Neuroepidemiology. (2020)

54:33–44. doi: 10.1159/000502580

25. Krebs E, Gerardo CJ, Park LP, Nickenig Vissoci JR, Byiringiro JC, Byiringiro

F, et al. Mortality-associated characteristics of patients with traumatic brain

injury at the university teaching hospital of Kigali, Rwanda.World Neurosurg.

(2017) 102:571–82. doi: 10.1016/j.wneu.2017.03.001

26. Davey S, Global Forum for Health Research (Organization). The 10/90 Report

on Health Research, a Message to Ministers of Finance, an Overview of

the Global Forum for Health Research, Priority Setting in Health Research,

Progress in Measuring the 10/90 Gap, Gender, the MDGs and Health Research,

Research Capacity Strengthening, Information Networks in Health Research,

Some Networks in Priority Research Areas. Geneva, Switzerland: Global Forum

for Health Research (2004).

27. World Bank. World Bank Population of Seychelles [Internet]. Available

online at: https://data.worldbank.org/indicator/SP.POP.TOTL?locations=SC

(accessed Oct 24, 2020).

28. Abio A, Bovet P, Didon J, Bärnighausen T, Shaikh MA, Posti JP, et al. Trends

in mortality from external causes in the Republic of Seychelles between 1989

and 2018. Sci Rep. (2020) 10:22186. doi: 10.1038/s41598-020-79228-8

29. Stringhini S, Sinon F, Didon J, Gedeon J, Paccaud F, Bovet P.

Declining stroke and myocardial infarction mortality between 1989

and 2010 in a country of the African Region. Stroke. (2012) 43:2283–8.

doi: 10.1161/STROKEAHA.112.658468

30. Ahmad OB, Boschi-Pinto C, Lopez AD, Murray CJ, Lozano R, Inoue M.

Age standardization of rates: a new WHO standard. Geneva: World Health

Organization (2001).

31. Cuzick J. A Wilcoxon-type test for trend. Stat Med. (1985) 4:87–90.

doi: 10.1002/sim.4780040112

32. Posti JP, SankinenM, Sipilä JOT, Ruuskanen JO, Rinne J, Rautava P, et al. Fatal

traumatic brain injuries during 13 years of successive alcohol tax increases

in Finland—a nationwide population-based registry study. Sci Rep. (2019)

9:5419. doi: 10.1038/s41598-019-41913-8

33. Majdan M, Plancikova D, Brazinova A, Rusnak M, Nieboer D, Feigin V,

et al. Epidemiology of traumatic brain injuries in Europe: a cross-sectional

analysis. Lancet Public Health. (2016) 1:e76–83. doi: 10.1016/S2468-2667(16)

30017-2

34. Coronado VG, Xu L, Basavaraju SV, McGuire LC, Wald MM, Faul MD, et al.

Surveillance for traumatic brain injury-related deaths—United States, 1997–

2007.Morb Mortal Wkly Rep Surveill Summ. (2011) 60:1–32. Available online

at: https://www.cdc.gov/mmwr/preview/mmwrhtml/ss6005a1.htm

35. Mauritz W, Brazinova A, Majdan M, Leitgeb J. Epidemiology of traumatic

brain injury in Austria. Wien Klin Wochenschr. (2014) 126:42–52.

doi: 10.1007/s00508-013-0456-6

36. World Health Organization. Injuries and Violence: The Facts. Geneva,

Switzerland: World Health Organization (2014). Available online at: https://

apps.who.int/iris/bitstream/handle/10665/149798/9789241508018_eng.

pdf;jsessionid$=$8897CD5662B5352C1526EBA2826F6FBD?sequence$=$1

(accessed Feb 14, 2019).

37. Koskinen S, Alaranta H. Traumatic brain injury in Finland 1991–2005: a

nationwide register study of hospitalized and fatal TBI. Brain Inj. (2008)

22:205–14. doi: 10.1080/02699050801938975

38. Landes M, Venugopal R, Berman S, Heffernan S, Maskalyk J, Azazh A.

Epidemiology, clinical characteristics and outcomes of head injured patients

in an Ethiopian emergency centre. Afr J Emerg Med. (2017) 7:130–4.

doi: 10.1016/j.afjem.2017.04.001

39. Boniface R, Lugazia E, Musa A, Kiloloma O. Management and

outcome of traumatic brain injury patients at Muhimbili Orthopaedic

Institute Dar es Salaam, Tanzania. Pan Afr Med J. (2017) 26:140.

doi: 10.11604/pamj.2017.26.140.10345

40. Lawrence T, Helmy A, Bouamra O, Woodford M, Lecky F, Hutchinson

PJ. Traumatic brain injury in England and Wales: prospective audit of

epidemiology, complications and standardised mortality. BMJ Open. (2016)

6:e012197. doi: 10.1136/bmjopen-2016-012197

41. Bonow RH, Barber J, Temkin NR, Videtta W, Rondina C, Petroni G, et al. The

outcome of severe traumatic brain injury in Latin America.World Neurosurg.

(2018) 111:e82–90. doi: 10.1016/j.wneu.2017.11.171

42. Martins ET, Linhares MN, Sousa DS, Schroeder HK, Meinerz J, Rigo

LA. et al. Mortality in severe traumatic brain injury: a multivariated

analysis of 748 Brazilian patients from Florianópolis city. J Trauma

Inj Infect Crit Care. (2009) 67:85–90. doi: 10.1097/TA.0b013e31818

7acee

43. Albrecht JS, Al Kibria G, Gruber-Baldini A, Magaziner J. Risk of mortality

in Individuals with hip fracture and traumatic brain injury: TBI and

mortality in individuals with hip fracture. J Am Geriatr Soc. (2019) 67:124–7.

doi: 10.1111/jgs.15661

44. Albrecht JS, McCunn M, Stein DM, Simoni-Wastila L. Smith GS.

Sex differences in mortality following isolated traumatic brain injury

among older adults. J Trauma Acute Care Surg. (2016) 81:486–92.

doi: 10.1097/TA.0000000000001118

Conflict of Interest: The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be construed as a

potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated organizations, or those of

the publisher, the editors and the reviewers. Any product that may be evaluated in

this article, or claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.

Copyright © 2021 Abio, Bovet, Valentin, Bärnighausen, Shaikh, Posti and Lowery

Wilson. This is an open-access article distributed under the terms of the Creative

Commons Attribution License (CC BY). The use, distribution or reproduction in

other forums is permitted, provided the original author(s) and the copyright owner(s)

are credited and that the original publication in this journal is cited, in accordance

with accepted academic practice. No use, distribution or reproduction is permitted

which does not comply with these terms.

Frontiers in Neurology | www.frontiersin.org 8 August 2021 | Volume 12 | Article 720434

https://doi.org/10.1089/neu.2017.5371
https://doi.org/10.1016/j.wneu.2018.02.027
https://doi.org/10.1136/jech-2018-211960
https://doi.org/10.1016/S0004-9514(09)70038-8
https://doi.org/10.1371/journal.pone.0175868
https://doi.org/10.1097/MEJ.0000000000000457
https://doi.org/10.1017/cjn.2016.290
https://doi.org/10.1016/j.apmr.2009.08.151
https://doi.org/10.1159/000502580
https://doi.org/10.1016/j.wneu.2017.03.001
https://data.worldbank.org/indicator/SP.POP.TOTL?locations=SC
https://doi.org/10.1038/s41598-020-79228-8
https://doi.org/10.1161/STROKEAHA.112.658468
https://doi.org/10.1002/sim.4780040112
https://doi.org/10.1038/s41598-019-41913-8
https://doi.org/10.1016/S2468-2667(16)30017-2
https://www.cdc.gov/mmwr/preview/mmwrhtml/ss6005a1.htm
https://doi.org/10.1007/s00508-013-0456-6
https://apps.who.int/iris/bitstream/handle/10665/149798/9789241508018_eng.pdf;jsessionid$=$8897CD5662B5352C1526EBA2826F6FBD?sequence$=$1
https://apps.who.int/iris/bitstream/handle/10665/149798/9789241508018_eng.pdf;jsessionid$=$8897CD5662B5352C1526EBA2826F6FBD?sequence$=$1
https://apps.who.int/iris/bitstream/handle/10665/149798/9789241508018_eng.pdf;jsessionid$=$8897CD5662B5352C1526EBA2826F6FBD?sequence$=$1
https://doi.org/10.1080/02699050801938975
https://doi.org/10.1016/j.afjem.2017.04.001
https://doi.org/10.11604/pamj.2017.26.140.10345
https://doi.org/10.1136/bmjopen-2016-012197
https://doi.org/10.1016/j.wneu.2017.11.171
https://doi.org/10.1097/TA.0b013e318187acee
https://doi.org/10.1111/jgs.15661
https://doi.org/10.1097/TA.0000000000001118
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles

	Changes in Mortality Related to Traumatic Brain Injuries in the Seychelles from 1989 to 2018
	Introduction
	Methods
	Data and Study Population
	Statistical Analysis

	Results
	Discussion
	Strengths and Limitations
	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Acknowledgments
	References


