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Abstract: Road traffic accidents (RTAs) are a leading cause of traumatic head injury (THI) and are
regarded as a public health problem in Saudi Arabia. This hospital-based retrospective study aims
to provide data on the frequency, type, and distribution of RTA-related THIs over the past decade;
demonstrate their time trend and seasonality; and decipher age and sex differences in RTA-related
THIs and their outcome. The results showed a decline in the number of RTA-related THIs between
2010 and 2019. The patients had a mean age of 26.16 £ 16.27 years, and the male-to-female ratio
was 10.8:1. Head injury with multiple lesions was the most common diagnosis, followed by cerebral
contusion and skull fracture (32.1%, 12.9%, and 11.2%, respectively). Subdural hematoma (SDH) and
skull fracture were significantly more common in patients aged >60 years (standard residual > 1.96),
and significantly less common in those aged <17 years (standard residual < 1.96), compared to other
age groups. Males experienced significantly more SDHs than females (standard residual = —2.8,
p = 0.029). The length of hospital stay was positively correlated with age (Spearman’s rho = 0.057,
p = 0.046). No seasonal variation was found.

Keywords: road traffic accident; traumatic head injury; trend; seasonal variation; Saudi Arabia

1. Introduction

Road traffic accident (RTA)-related injuries are a leading cause of morbidity and mor-
tality worldwide [1]. RTAs mostly affect young males, ranking first among the causes of
disability-adjusted life in the 1049-year-old age group [2]. It must be noted that RTAs
contribute 2.12% to the total global mortality; however, this figure increases to 16.54% in
Saudi Arabia, where it is the leading cause of death in young adult males [3,4]. Among
RTA-related injuries, traumatic head injury (THI) is considered severe, and RTA is the leading
cause of THI-related deaths worldwide [5-8], reaching up to 41% in the Middle East and
North Africa (MENA) regions [9]. Thus, it is clear that RTA-related THIs impose a substantial
clinical, social, and economic burden on individuals and health-care systems globally.

Saudi Arabia has implemented aggressive measures over the past decade to address
the problem of RTAs, including introducing stricter traffic regulations and ensuring their
stringent enforcement. These changes peaked after the launching of Vision 2030 in April 2016.
Though the reports from police department in Aseer province portray a decreasing trend in
RTA since 2016, the effect on RTA-related injuries is a matter of further deliberation [10].

In order to assess the THI burden and deliver the highest quality medical care for
trauma patients, data on time trends, seasonal variations, and epidemiological character-
istics are critical. Previous research in other parts of the world has shown that seasonal
increases in traffic accidents may be weather- or tourism-dependent, due to the temporary
increase in population [11]. This is of particular concern in Aseer, as it is a tourist desti-
nation for the Arab world in the summer months [12]. However, there are no previous
studies from Saudi Arabia on the influence of external factors, such as the seasonal effect
or day of the week, on THI incidence, and no previous study has specifically addressed
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RTA-related THI in Saudi Arabia. Therefore, the primary objective of this study was to
provide much needed information on the frequency, type, and distribution of RTA-related
THI over a 10-year span, to demonstrate the time trends and seasonal variation. The
secondary objective was to decipher age and sex differences among individuals with THI
and their outcome. It is expected that quantifying these relationships would help identify
the at-risk groups, leading to better planning and management.

2. Materials and Methods
2.1. Type of Study

This was a retrospective, record-based study.

2.2. Study Area

Aseer province, Southwest Saudi Arabia. The Aseer region is in the southwest of
the country, with an area of 76,693 square kilometers (29,611 sq mi), and an estimated
population of 2,308,329 people in 2019 [10]. As the tourism capital of the Gulf region, road
traffic is increased manifold in the summer months. As the only tertiary hospital in the
province, Aseer Central Hospital (ACH) typically handles the majority of THIs.

2.3. Study Sample and Technique

This study included 1235 cases of RTA-related THI admitted to ACH between 1
January 2010 and 31 December 2019. Collected variables included the sociodemographic
characteristics, trauma details, hospital admission details, and in-hospital outcome. The
data were complete for all variables of interest.

2.4. Statistical Analysis

After coding, analysis was conducted using the SPSS statistical package (version 23,
IBM, Arnmonk, NY, USA). Frequencies and percentages are used to describe the number
of cases over different time templates, as in year, month, season, and workday/weekend,
and the time trends are represented as charts. Injuries were classified and described based
on the type, region of involvement, and outcome in terms of intensive care unit (ICU)
admission, hospital length of stay (LOS), and mortality. All the above variables were
analyzed for differences between sexes and age groups using the Chi-square test. Standard
residuals (SR) were used to study the strength of the difference between observed and
expected values. Results were considered significant at 95% CI and p < 0.05.

3. Results

A total of 5830 RTA-related injuries were presented between January 2010 and Decem-
ber 2019 to the study center. Out of this, 1235 (21.1%) had RTA-related THI.

Table 1 and Figure 1 illustrate the decreasing trend of RTA-related THI in Aseer
province, Saudi Arabia. There was an initial sharp fall between 2010 and 2012, after which
there was a slight rise over the next four years. From 2016, the year in which Vision 2030
was launched, with the adoption of firm traffic regulations, there was a remarkable fall in
the number of cases; however, the drop was not statistically significant.

The monthly distribution reveals a higher number of cases (37%) in the months of June,
July, and August (the summer season), but this was not statistically significant compared
to the other seasons (Table 1). There was also no difference between the number of cases
admitted in the weekend vs. those admitted on the weekdays.

Analyzing the gender differences reveals an overwhelming preponderance of male
patients (90.2%), with a male-to-female sex ratio of 10.8:1. The analysis of gender-related
time trends revealed a significantly low proportion of female cases in 2010, but a high
number of female cases in 2012 and 2015 (p = 0.004, standard residual value —2.4, 2.6, and
2.2, respectively). The month-wise comparison showed that female cases were significantly
higher in August and lower in February (p = 0.017). Otherwise, there was no statistical
difference between male and female patients according to season or day of the week.
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Table 1. Time trends and seasonal variation of traumatic head injury cases by gender (1 = 1235).

. Male Female Total o
Variable n=1114 (%) n=121(%) 5 =1235 (%) OR [CI95%] p Value
Year
2010 9 (7.4)
* standard residual 194 (17.4) —24 203 (16.4)
2011 137 (12.3) 12 (9.9) 149 (12.1)
2012 20 (16.5)
* standard residual 94 (8.4) 2.6 114(9.2)
2013 114 (10.2) 8 (6.6) 122 (9.9) E— 0.004
2014 119 (10.7) 11 (9.1) 130 (10.5)
2015 21 (17.4)
* standard residual 113 (10.1) 2.2 134 (109)
2016 133 (11.9) 18 (14.9) 151 (12.2)
2017 121 (10.9) 15 (12.4) 136 (11.0)
2018 46 (4.1) 5(4.1) 51 (4.1)
2019 43 (3.9) 2(1.7) 45 (3.6)
Month
January 94 (8.4) 6 (5) 100 (8.1)
February 3(25)*
* standard residual 87(7.8) -2 90(7.3)
March 98 (8.8) 6 (5) 104 (8.4)
April 78 (7.0) 13 (10.7) 91 (7.4)
May 79 (7.1) 14 (11.6) 93 (7.5) 0,017
June 108 (9.7) 7 (5.8) 115 (9.3) :
July 112 (10.1) 11 (9.1) 123 (10.0)
August 21 (17.4)*
* standard residual 1090.8) 2.3 130 (10.5)
September 97 (8.7) 8 (6.6) 105 (8.5)
October 89 (8.0) 13 (10.7) 102 (8.3)
November 94 (8.4) 13 (10.7) 107 (8.7)
December 69 (6.2) 6 (5) 75 (6.1)
Season
Winter 250 (22.4) 15 (12.4) 265 (21.5)
Spring 176 (15.8) 19 (15.7) 195 (15.8) E— 0.071
Summer 408 (36.6) 53 (43.8) 461 (37.3)
Autumn 280 (25.1) 34 (28.1) 314 (25.4)
Day of week
Weekday 795 (71.4) 80 (66.1) 875 (70.9) 0.78 0998
Weekend 319 (28.6) 41 (33.9) 360 (29.1) [0.52,1.16] )
Vision 2030
Before 771 (69.2) 81 (66.9) 852 (69) 0.901 0,608
After 343 (30.8) 40 (33.1) 383 (31) [0.604,1.34] )

*: Denotes that significant difference exist.

Table 2 shows that the most common RTA-related THI diagnosis was head injury
with multiple lesions (32.1%), followed by cerebral contusion (12.9%) and skull fracture
(11.2%). Associated non-head injuries were present in more than half (52.6%) of the patients,
with a tendency to be more prevalent in females. The majority (81.1%) of the cases were
managed in the regular ward. The LOS in the hospital was divided into five groups,
as shown in Table 2; most (38.6%) of the cases were hospitalized for less than a week,
while less than 2% were hospitalized for more than six months. Although 81.4% of the
patients were discharged home after improvement, the fatality rate was 14.7%. With
regards to the gender-related pattern of injury, the incidence of subdural hematoma was
significantly lower in females than in males (SR = —2.8, p = 0.029). The average LOS
was 23.77 £ 50.97 days, while it was higher in males than in females (24.19 £ 52.91 vs.
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19.92 £ 27.21 days, respectively), the difference was not statistically significant. There were
no gender-specific differences in ICU admission or mortality (Table 2).

Secular trend of head injuries by sex

250
200 203
150
100

50

0

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
== MALE -——FEMALE TOTAL

Figure 1. Secular trend of traumatic head injuries in Aseer, Saudi Arabia.

Table 2. Pattern of head injuries and its outcomes by gender (n = 1235).

Male Female Total

Variable (%) (%) 1 (%) OR [CI95%] p Value
Head injury
Multiple lesions 360 (32.3) 37 (30.6) 397 (32.1)
Concussion 94 (8.4) 14 (11.6) 108 (8.7)
Contusion 146 (13.1) 14 (11.6) 160 (12.9)
SDH 2(1.7)*
* Standard residual 116 (10.4) —2.8 118 (9.6)
EDH 98 (8.8) 10 (8.3) 108 (8.7) 0.029
SAH 36 (3.2) 5(4.1) 41 (3.3)
Skull fracture 118 (10.6) 20 (16.5) 138 (11.2)
Superficial injury 36 (3.2) 6 (5) 42 (34)
Unspecified injury 75 (6.7) 12 (9.9) 87 (7.0)
Other (DAI, IVH, ICH) 35(3.1) 1(0.8) 36 (2.9)
Associated injury
No 534 (47.9) 51 (42.1) 585 (47.4) 0.79
Yes 580 (521)  70(57.9) 650 (52.6)  [0.541,1.157] 0226
ICU admission
No 902 (81) 100 (82.6) 1002 (81.1) 1.11
Yes 212 (19) 21(174)  233(189)  [0.683,1.834] 0091
LOS
Less than 1 week 433 (38.9) 44 (36.4) 477 (38.6)
1-2 weeks 281 (25.2) 36 (29.8) 317 (25.7) . 0.483
15-30 days 188 (16.9) 19 (15.7) 207 (16.8) )
30-180 days 191 (17.1) 22 (18.2) 213 (17.2)
>180 days 21 (1.9) 0 (0) 21 (1.7)
Outcome
Discharge to home 910 (81.7) 95 (78.5) 1005 (81.4) 0.674
Transfer 43 (3.9) 6 (5.0) 49 (4.0) )
Death 161 (14.5) 20 (16.5) 181 (14.7)

*: Denotes that significant difference exist. EDH: epidural hematoma. SDH: subdural hematoma. SAH: subarach-
noid hemorrhage. ICH: intracerebral hemorrhage. DAI: diffuse axonal injury. IVH: intraventricular haemorrhage.
ICU: intensive care unit. LOS: length of stay.
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Table 3 presents the age differences of patients with RTA-related THI. The mean age
of the patients was 26.16 & 16.27 years (range, 2 months—-85 years). The mean age of the
males was 26.14 & 15.86, and that of the females was 26.36 £ 19.74 years. To analyze the
differences over different age spans, we divided age into four groups, as shown in Table 3.
Age had no effect on the injuries received at different times of the year (months, season) or
time of the week (weekend). Although there was a drop in the number of cases among all
age groups after the launching of Vision 2030 in 2016, it did not have statistical significance.

Table 3. Time trends and seasonal variation in head injury cases by age (1 = 1235).

0-17 Years 18-34 Years 35-59 Years 60 Years and Total

Variable 1 (%) 1 (%) 1 (%) aboven (%)  n(%) P Value
Year
2010 49 (14.6) 124 (18.6) 18 (12.9) 12 (13.0) 203 (16.4)
2011 39 (11.6) 87 (13.0) 16 (11.5) 7 (7.6) 149 (12.1)
2012 39 (11.6) 50 (7.5) 12 (8.6) 13 (14.1) 114 (9.2)
2013 36 (10.7) 64 (9.6) 12 (8.6) 10 (10.9) 122 (9.9)
2014 37 (11.0) 64 (9.6) 18 (12.9) 11 (12.0) 130 (10.5) 0.499
2015 41 (12.2) 69 (10.3) 15 (10.8) 9(9.8) 134 (10.9) ’
2016 40 (11.9) 76 (11.4) 23 (16.5) 12 (13.0) 151 (12.2)
2017 35 (10.4) 78 (11.7) 11 (7.9) 12 (13.0) 136 (11.0)
2018 12 (3.6) 30 (4.5) 5(3.6) 4 (4.3) 51 (4.1)
2019 8(24) 26 (3.9) 9(6.5) 2(2.2) 45 (3.6)

Month

January 26 (7.7) 62 (9.3) 8(5.8) 4 (4.3) 100 (8.1)

February 23 (6.8) 52 (7.8) 9 (6.5) 6 (6.5) 90 (7.3)

March 22 (6.5) 64 (9.6) 13 (9.4) 5(5.4) 104 (8.4)

April 29 (8.6) 48 (7.2) 7 (5.0) 7 (7.6) 91 (7.4)

May 30(8.9) 42 (6.3) 10 (7.2) 11 (12.0) 93 (7.5)

June 31(9.2) 58 (8.7) 15 (10.8) 11 (12.0) 115 (9.3) 0.402
July 35 (10.4) 63 (9.4) 16 (11.5) 9(9.8) 123 (10.0)

August 42 (12.5) 70 (10.5) 10 (7.2) 8(8.7) 130 (10.5)
September 26 (7.7) 54 (8.1) 17 (12.2) 8(8.7) 105 (8.5)

October 28 (8.3) 47 (7.0) 19 (13.7) 8(8.7) 102 (8.3)
November 25(7.4) 65 (9.7) 6 (4.3) 11 (12.0) 107 (8.7)
December 19 (5.7) 43 (6.4) 9(6.5) 4 (4.3) 75 (6.1)

Season

Winter 68 (20.2) 157 (23.5) 26 (18.7) 14 (15.2) 265 (21.5)

Spring 51 (15.2) 112 (16.8) 20 (14.4) 12 (13) 195 (15.8) 0.338

Summer 138 (41.1) 233 (34.9) 51 (36.7) 39 (42.4) 461 (37.3)

Autumn 79 (23.5) 166 (24.9) 42 (30.2) 27 (29.3) 314 (25.4)

Day of week
Workdays 239 (71.1) 471 (70.5) 105 (75.5) 60 (65.2) 875 (70.9) 0.400
Weekend 97 (28.9) 197 (29.5) 34 (24.5) 32 (34.8) 360 (29.1)
Vision 2030
Before 241 (71.7) 458 (68.6) 91 (65.5) 62 (67.4) 852 (69) 0.542
After 95 (28.3) 210 (31.4) 48 (34.5) 30 (32.6) 383 (31)

Table 4 presents the pattern of injuries and their outcome in the different age groups.
There were statistically significant differences in the type of head injury by age group. The 0-
17-year-old age group had significantly fewer occurrences of subdural hematoma and skull
fracture (standard residual < 1.96), and significantly more occurrences of subarachnoid
hemorrhage (standard residual > 1.96) than that found in the other age groups. In contrast,
the >60-year-old age group had significantly more occurrences of subdural hematoma and
skull fracture (standard residual > 1.96), and significantly fewer instances of EDH (standard
residual < 1.96) than that found in the other age groups. No significant differences were
observed in the need for ICU admission and the outcome between the age groups. When



Int. J. Environ. Res. Public Health 2021, 18, 6623 6 of 10

age was grouped, there were no significant differences between the LOS in the different
groups; however, when analyzed as a continuous variable, age had a significant positive
correlation with LOS (Spearman’s rho = 0.057, p = 0.046).

Table 4. Patterns of head injuries and its outcome by age (n = 1235).

0-17 Years 18-34 Years 35-59 Years >60 Years Total

Variable (%) (%) 1 (%) (%) 1 (%) p Value
Head injury
Multiple lesions 115 (34.2) 213 (31.9) 43 (30.9) 26 (28.3) 397 (32.1)
Concussion 30 (8.9) 64 (9.6) 10 (7.2) 4(4.3) 108 (8.7)
Contusion 41 (12.2) 96 (14.4) 12 (8.6) 11 (12) 160 (13)
SDH 20 (6.0) 29 (31.5)
* Standard residual -2.1 56 (84) 1304 6.8 118 (9.6) <0.001
EDH 2(2.2)
* Standard residual 28 (8.3) 67 (10) 11 (7.9) o1 108 (8.7)
SAH 4(1.2) 15 (10.8)
* Standard residual 2.2 16 (2:4) -2 6(65) 4133)
Skull Fracture 51 (15.2) 4(4.3)
* Standard residual —-2.1 72(10.8) 11(7.9) 4.8 138 (11.2)
Superficial injury 14 (4.2) 18 (2.7) 8 (5.8) 2(22) 42 (3.4)
Unspecified injury 24 (7.1) 45 (6.7) 12 (8.6) 6 (6.5) 87 (7)
Other (DAI, IVH, ICH) 9(2.7) 21 (3.1) 4(2.9) 2(2.2) 36 (2.9)
Associated injury
No 174 (51.8) 302 (45.2) 59 (42.4) 50 (54.3) 585 (47.4) 0.071
Yes 162 (48.2) 366 (54.8) 80 (57.6) 42 (45.7) 650 (52.6) :
ICU admission
1002
No 276 (82.1) 537 (80.4) 109 (78.4) 80 (87) (811) 0.366
Yes 60 (17.9) 131 (19.6) 30 (21.6) 12 (13) 233 (18.9)
LOS
Up to 1 week 133 (39.6) 259 (38.8) 51 (36.7) 34 (37) 477 (38.6)
1-2 weeks 101 (30.1) 162 (24.3) 29 (20.9) 25 (27.2) 317 (25.7) 0124
15-30 days 53 (15.8) 112 (16.8) 29 (20.9) 13 (14.1) 207 (16.8) ’
30-180 days 46 (13.7) 118 (17.7) 29 (20.9) 20 (21.7) 213 (17.2)
>180 days 3(0.9) 17 (2.5) 1(0.7) 0(0) 21 (1.7)
Outcome
Discharge to home 278 (82.7) 539 (80.7) 109 (78.4) 79 (85.9) (giof) 0.416
Transfer 14 (4.2) 30 (4.5) 03 (2.2) 02 (2.2) 49 (4.0)
Death 44 (13.1) 99 (14.8) 27 (19.4) 11 (12) 181 (14.7)

*: Denotes that significant difference exist. EDH: epidural hematoma. SDH: subdural hematoma. SAH: subarach-
noid hemorrhage. ICH: intracerebral hemorrhage. DAI: diffuse axonal injury. IVH: intraventricular hemorrhage.
ICU: intensive care unit. LOS: length of stay.

4. Discussion

RTAs and their resulting THIs represent a major public health problem. The present
study addresses the demographics of THIs caused by RTAs in Aseer province, Saudi Arabia.
Our aim was to study the time trends and pattern of THI in the region to help set the
course for future action in head trauma prevention programs, and to guide its management.
A total of 1235 patients with RTA-related head injuries presented between January 2010
and December 2019, representing 21.3% of all RTA-related injuries. The most encouraging
observation in this study was the steady decline in cases of RTA-related THI over the decade.
The number of cases per year fell from 203 in 2010 to 45 in 2019. The fall is remarkable
after 2016. Saudi Arabia has recently adopted strict traffic regulations, synchronized with
Vision 2030, which launched in April 2016. These include regulations on speeding, seat belt
wearing, and mobile use while driving, which are strictly enforced by the most advanced
traffic management technologies [13]. Evidence from previous studies has established a
significant decline in RTAs after the implementation of the camera ticketing system [13]
and Vision 2030 in the KSA [14]. Recently published data from the traffic department
reveals a 22% decline in traffic accidents between 2016 and 2019. The total number of
RTA dropped from 32,684 in 2016 to 25,342 in 2019 [10]. Our study is the first from Saudi
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Arabia to show consistency between police-reported data on RTA trend and RTA-related
THI trend from health registration data [15]. In Japan and Russia, decreasing speed limits
resulted in a favorable decrease in RTAs and their associated mortality rate [16,17]. We can
interpret the results of this study in a similar way; however, we cannot state conclusively
about the exact factors leading to the decline in cases. Although there is a huge drop in
the number of RTA-related THIs after the 2016 announcement of Vision 2030, this decrease
did not reach statistical significance, and therefore does not support the assumption that
the change in regulations alone is the reason for the decrease in the number of cases. It
is likely that other important factors, such as urbanization, changes in the types of cars
and car safety measures, and improved road conditions, play a role in the trend observed
in this study. Further collaborative research with other departments, including the road
traffic department, is needed to study the factors affecting the change in the number of
accidents and resulting injuries.

Although more males are involved in road traffic injuries worldwide, this divide is
more pronounced in the Middle East region [18]. In our study, there was an overwhelming
preponderance of male patients, consistent with the results of other studies from Saudi
Arabia [19,20]. The reason for this difference is obvious, as there are more men on Saudi
roads than women. However, in the past few years, more women have been allowed to
drive and participate in work outside the home. It would be interesting to study future
trends of sex differences in accidents and injuries in the region.

Studies have independently reported seasonal, weather, and temporal variations
in traffic accident-related injuries, with reports of higher incidences of accidents during
summer, on days with precipitation, on particular days of the week, and at specific times
of the year [21-23]. This is the first study from Saudi Arabia on the seasonal variation in
RTA-related THI. We found no relation between RTA-related THI and the day of the week,
month, or season.

In this study, we went one step further to find the relationship between patients of
specific age and gender groups presenting with RTA-related THI and the above-mentioned
variations. A detailed analysis of time trends revealed differences in the incidence of female
cases in specific years; however, these differences are difficult to explain, especially as
these were prior to 2018, the year in which females were legally permitted to drive in the
Kingdom. The number of cases dropped after 2016 in both males and females, and no
significant difference was observed between the two groups.

Analysis of the type of injuries revealed head injury with multiple lesions, cerebral
contusion, and skull fracture to be the most common diagnoses. Fewer than one in five cases
were admitted to the intensive care unit. These statistics are lower than those reported in
Riyadh, which is a large metropolitan city with heavy and fast-moving traffic [24]. Similar
to reports in other studies, the majority of patients in this study (38.6%) stayed in the
hospital for less than a week, while less than 2% were hospitalized for more than six
months [25]. The findings of more skull fractures and SDH in senior adults compared to
children could be explained by the increase in bone fragility and brain atrophy found in
older adults.

According to the Global Burden of Disease study, the mortality rate of RTAs was 2.3%
in 2017 [26]. Various factors affect the incidence and mortality of traffic-related injuries,
including vehicle design, speed control, road infrastructure, and traffic law enforcement.
However, the site and severity of injury remain the most important factors in determining
the outcomes of road traffic injuries. In this study we focused on head injuries, which are
known to have a higher fatality than other injuries. The fatality rate in our patients was
14.7%, with no significant difference between the male and female patients. This figure lies
between the 5.9% and 30% mortality rates reported by studies from other locations in the
region [6,19]. The lack of difference in mortality between male and female patients, despite
the significance of SDH in males, could be due to other confounding factors, such as an
increase in associated non-THI in females, as shown in this study.
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The mean age of the patients was 26.16 & 6.27 years, which is younger than that
reported in the capital city of Saudi Arabia, where the mean age was 32.6 years (+14.7) [19].
This could be related to the relatively younger population in Aseer province in comparison
to Riyadh [10]. We found no association between ages and the times of the year (months,
season), or time of the week (weekend) that people experienced accidents. Though more
patients presented in the summer months, which corresponds with the holiday and tourism
season in the region, this trend was not significant or associated with any age or sex group.
However, we are limited by the lack of data on the local vs. non-local nature of the victims
to relate the number of accidents to tourism. Interestingly, the foggy winter season in Aseer
was not associated with an increase in RTA-related THI. This is supported by a study that
found that bad weather conditions in the wintertime do not lead to an increased number
of accidents [27]. These findings have positive implications as they suggest that health
services are not overburdened on vacation or weekends by RTA-related head injuries.

We found a significant positive correlation between age and LOS, consistent with find-
ings by other authors [28]. This implies that while RTA-related THI tends to happen more
in the younger population, the presence of this injury in the older population consumes
more health resources.

5. Conclusions

This study provided unique insights into the trends, patterns, age and gender differ-
ences in the presentation and outcomes of RTA-related THI. The remarkable decrease in
the number of cases over the past decade enforces that progress has been made to prevent
RTA and related head injuries. Skull fractures and SDH affect older persons more than
children. Though RTA-related THI is more common in the young, senior adults tended to
have longer LOS and use more health resources. Thus, based on the results from this study,
preventive measures directed toward at-risk groups could further decrease the incidence
of RTA-related THI. Our study supports that the strict implementation of stringent traffic
regulations could play a role in reducing the health-related burden of RTA.

Strength and Limitations

This is the first and largest study to focus upon the time trend, seasonal variations, and
age-sex differences of RTA-related head injuries in Saudi Arabia. However, there are some
limitations of the study. Firstly, it is a hospital-based study; thus, the information may not be
a true reflection of the population. Secondly, it included only admitted patients; therefore,
non-admitted minor head injuries or those who died before reaching the hospital were not
captured. Moreover, the topography and climate of the Aseer province is quintessentially
different from the rest of Saudi Arabia; hence, the results cannot be generalized to the
whole of the kingdom. Nevertheless, it provides valuable data on a vital health problem
that has not been previously addressed in such a manner.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki and approved by the Research Ethics Committee at King Khalid University
(ECM# 2021-4001 Dated 10-03-2021).

Informed Consent Statement: Patient consent was waived because the study was done on deidenti-
fied patient data.

Data Availability Statement: Data are available with the author and on sufficient need can be shared.

Conflicts of Interest: The author declares no conflict of interest.



Int. J. Environ. Res. Public Health 2021, 18, 6623 90of 10

References

1.

10.
11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

James, S.L.; Lucchesi, L.R.; Bisignano, C.; Castle, C.D.; Dingels, Z.V.; Fox, ].T.; Hamilton, E.B.; Liu, Z.; McCracken, D.; Nixon,
M.R,; et al. Morbidity and mortality from road injuries: Results from the Global Burden of Disease Study 2017. Inj. Prev. 2020, 26,
146-156. [CrossRef]

GBD 2019 Diseases and Injuries Collaborators. Global burden of 369 diseases and injuries in 204 countries and territories,
1990-2019: A systematic analysis for the Global Burden of Disease Study 2019. Lancet 2020, 396, 1204-1222. [CrossRef]

Global Burden of Disease Estimates. 2020. Available online: https://vizhub.healthdata.org/gbd-compare/ (accessed on 26
April 2021).

World Health Organization. Global Status Report on Road Safety 2018; World Health Organization: Geneva, Switzerland, 2018.
Available online: http://www.who.int/violence_injury_prevention/road_safety_status/2018/en/ (accessed on 26 April 2021).
Faul, M.; Wald, M.M.; Xu, L.; Coronado, V.G. Traumatic Brain Injury in the United States: Emergency Department Visits, Hospitalizations
and Deaths 2002-2006; National Center for Injury Prevention and Control, Centers for Disease Control and Prevention: Atlanta,
GA, USA, 2010.

Al-Kuwaiti, A.; Hefny, A.F,; Bellou, A.; Eid, H.O.; Abu-Zidan, FEM. Epidemiology of head injury in the United Arab Emirates.
Ulus. Travma Acil Cerrahi Derg. 2012, 18, 213-218. [CrossRef]

Hefny, A.F; Barss, P; Eid, H.O.; Abu-Zidan, EM. Motorcycle-related injuries in the United Arab Emirates. Accid. Anal. Prev. 2012,
49, 245-248. [CrossRef]

Alhabdan, S.; Zamakhshary, M.; AINaimi, M.; Mandora, H.; Alhamdan, M.; Al-Bedah, K.; Al-Enazi, S.; Al-Habib, A. Epidemiology
of traumatic head injury in children and adolescents in a major trauma center in Saudi Arabia: Implications for injury prevention.
Ann. Saudi Med. 2013, 33, 52-56. [CrossRef] [PubMed]

Al-Hajj, S.; Hammoud, Z.; Colnaric, J.; Ataya, M.; Macaron, M.M.; Kadi, K.; Harati, H.; Phipps, H.; Mondello, S.; Tamim, H.;
et al. Characterization of traumatic brain injury research in the Middle East and North Africa Region: A systematic review.
Neuroepidemiology 2021, 55, 20-31. Epub ahead of print. [CrossRef]

General Authority for Statistics, Statistical Yearbook. 2019. Available online: http://www.gov.sa (accessed on 3 June 2021).
Karacasu, M.; Er, A,; Bilgig, S.; Barut, H.B. Variations in traffic accidents on seasonal, monthly, daily and hourly basis: Eskisehir
Case. Procedia Soc. Behav. Sci. 2011, 20, 767-775. [CrossRef]

Ministry of Municipal, Rural Affairs and Housing. Abha City Profile; Abha Tourist Dynamics; United Nations Human Settlements
Programme: Nairobi, Kenya; p. 64. Available online: https://unhabitat.org/sites/default/files /2020/05/abha_en.pdf (accessed
on 3 June 2021).

Alghnam, S.; Alkelya, M.; Alfraidy, M.; Al-Bedah, K.; Albabtain, I.T.; Alshengeety, O. Outcomes of road traffic injuries before and
after the implementation of a camera ticketing system: A retrospective study from a large trauma center in Saudi Arabia. Ann.
Saudi. Med. 2017, 3, 1-9. [CrossRef]

Dahim, M.A.H. Impact of vision 2030 on traffic safety in Saudi Arabia. Int. ]. Pediatr. Adolesc. Med. 2018, 5, 103-109. [CrossRef]
Barrimah, I.; Midhet, F.; Sharaf, F. Epidemiology of road traffic injuries in Qassim Region, Saudi Arabia: Consistency of police
and health data. Int. ]. Health Sci. 2012, 6, 31-41. [CrossRef] [PubMed]

Matsui, Y.; Oikawa, S.; Ando, K. Risks of pedestrian serious injuries and fatalities associated with impact velocities of cars in
car-versus-pedestrian accidents in Japan. STAPP Car Crash J. 2013, 57, 201-217.

Kudryavtsev, A.V,; Nilssen, O.; Lund, ].; Grjibovski, A.M.; Ytterstad, B. Road traffic crashes with fatal and non-fatal injuries in
Arkhangelsk, Russia in 2005-2010. Int. |. Inj. Control Saf. Promot. 2013, 20, 349-357. [CrossRef] [PubMed]

Kisser, J.; Waldstein, S.R.; Evans, M.K.; Zonderman, A.B. Lifetime prevalence of traumatic brain injury in a demographically
diverse community sample. Brain Inj. 2017, 31, 620-623. [CrossRef] [PubMed]

Al-Habib, A.; A-shail, A.; Alageel, A.; Zamakhshary, M.; Al-Bedah, K.; AlQunai, M.; Al-Enazi, S. Causes and patterns of adult
traumatic head injuries in Saudi Arabia: Implications for injury prevention. Ann. Saudi Med. 2013, 33, 351-355. [CrossRef]
[PubMed]

Alnaami, I; Alshehri, S.; Alghamdi, S.; Ogran, M.; Qasem, A.; Medawi, A.; Medawi, A.; Alshahrani, S.; Sarhan, L. Patterns, types,
and outcomes of head injury in Aseer Region, Kingdom of Saudi Arabia. Neuroscience 2019, 2019, 1-6. [CrossRef] [PubMed]
Taylor, M.S.; Zelinkova, V.; Plancikova, D.; Melichova, J.; Sivco, P.; Rusnak, M.; Majdan, M. Seasonal patterns of traumatic brain
injury deaths due to traffic-related incidents in the Slovak Republic. Traffic Inj. Prev. 2020, 21, 55-59. [CrossRef]

Livingston, K.S.; Miller, P.E.; Lierhaus, A.; Matheney, T.H.; Mahan, S.T. Does weather matter? The effect of weather patterns and
temporal factors on pediatric orthopedic trauma volume. Open Orthop. |. 2016, 10, 550-558. [CrossRef]

Eom, K.S. The time-related trends in the presenting of traumatic head injury in a single institution. Korean J. Neurotrauma 2020, 16,
28-37. [CrossRef]

Aldawood, A.S.; Alsultan, M.; Haddad, S.; Algahtani, S.M.; Tamim, H.; Arabi, Y.M. Trauma profile at a tertiary intensive care unit
in Saudi Arabia. Ann. Saudi Med. 2012, 32, 498-501. [CrossRef]

Haghparast-Bidgoli, H.; Saadat, S.; Bogg, L.; Yarmohammadian, M.H.; Hasselberg, M. Factors affecting hospital length of stay
and hospital charges associated with road traffic-related injuries in Iran. BMC Health Serv. Res. 2013, 13, 281. [CrossRef]


http://doi.org/10.1136/injuryprev-2019-043302
http://doi.org/10.1016/S0140-6736(20)30925-9
https://vizhub.healthdata.org/gbd-compare/
http://www.who.int/violence_injury_prevention/road_safety_status/2018/en/
http://doi.org/10.5505/tjtes.2012.03710
http://doi.org/10.1016/j.aap.2011.05.003
http://doi.org/10.5144/0256-4947.2013.52
http://www.ncbi.nlm.nih.gov/pubmed/23458942
http://doi.org/10.1159/000511554
http://www.gov.sa
http://doi.org/10.1016/j.sbspro.2011.08.085
https://unhabitat.org/sites/default/files/2020/05/abha_en.pdf
http://doi.org/10.5144/0256-4947.2017.1
http://doi.org/10.1016/j.ijpam.2018.08.002
http://doi.org/10.12816/0005971
http://www.ncbi.nlm.nih.gov/pubmed/23267302
http://doi.org/10.1080/17457300.2012.745576
http://www.ncbi.nlm.nih.gov/pubmed/23216194
http://doi.org/10.1080/02699052.2017.1283057
http://www.ncbi.nlm.nih.gov/pubmed/28326858
http://doi.org/10.5144/0256-4947.2013.351
http://www.ncbi.nlm.nih.gov/pubmed/24060713
http://doi.org/10.1155/2019/2782146
http://www.ncbi.nlm.nih.gov/pubmed/30984774
http://doi.org/10.1080/15389588.2019.1666981
http://doi.org/10.2174/1874325001610010550
http://doi.org/10.13004/kjnt.2020.16.e2
http://doi.org/10.5144/0256-4947.2012.498
http://doi.org/10.1186/1472-6963-13-281

Int. J. Environ. Res. Public Health 2021, 18, 6623 10 of 10

26.

27.

28.

Khan, M.A.B.; Grivna, M.; Nauman, J.; Soteriades, E.S.; Cevik, A.A.; Hashim, M.].; Govender, R.; Al Azeezi, S.R. Global incidence
and mortality patterns of pedestrian road traffic injuries by sociodemographic index, with forecasting: Findings from the Global
Burden of Diseases, Injuries, and Risk Factors 2017 Study. Int. J. Environ. Res. Public Health 2020, 17, 2135. [CrossRef] [PubMed]
Pape-Kohler, C.I.; Simanski, C.; Nienaber, U.; Lefering, R. External factors and the incidence of severe trauma: Time, date, season
and moon. Injury 2014, 45, S93-599. [CrossRef] [PubMed]

Ostermann, R.C.; Joestl, J.; Tiefenboeck, T.M.; Lang, N.; Platzer, P.; Hofbauer, M. Risk factors predicting prognosis and outcome of
elderly patients with isolated traumatic brain injury. J. Orthop. Surg. Res. 2018, 13, 277. [CrossRef] [PubMed]


http://doi.org/10.3390/ijerph17062135
http://www.ncbi.nlm.nih.gov/pubmed/32210141
http://doi.org/10.1016/j.injury.2014.08.027
http://www.ncbi.nlm.nih.gov/pubmed/25284243
http://doi.org/10.1186/s13018-018-0975-y
http://www.ncbi.nlm.nih.gov/pubmed/30390698

	Introduction 
	Materials and Methods 
	Type of Study 
	Study Area 
	Study Sample and Technique 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

