
1. Introduction

An ‘aging society’ is defined when the number of people aged

65 and older reaches 7% of the population. When the proportion

reaches 14%, the society is defined as an ‘aged society’ and when

the proportion reaches 20%, it becomes a ‘super-aged society’.1

Korea has already become an aging society in 2000 and reached an

aged society in 2018. At this rate, it is expected to become a super-

aged society by 2026.2,3 As the population ages worldwide, the

number of elderly drivers will increase, and this can lead to various

situations that threaten traffic safety.

According to the Korea Road Traffic Authority database, traffic

accidents caused by drivers over 65 years increased by 19.3% an-

nually. The number of casualties also increased by three-folds in

2016 compared to 2001.4 In the case of the United States, compared

to 1999, there will be a 178% increase in the number of elderly

drivers involved in traffic accidents and a 155% increase in fatal

crashes by 2030.5

Most previous studies on the elderly drivers involved traffic

accidents were based on non-medical data. They have analyzed the

characteristics of crashes and focused on the impairment of physical

or cognitive function of drivers due to aging.

The purpose of this study was to evaluate the association be-

tween age and severe injury in elderly drivers. We analyzed the dif-

ference of characteristics related to traffic accidents and the factors

associated with injury severity according to age groups.

2. Materials and methods

2.1. Data collection

This study used data from the Emergency Department-based

Injury In-depth Surveillance (EDIIS) which was established by the

Korea Centers for Disease Control and Prevention (KCDC) in 2006.

The number of hospitals participating in this surveillance expanded

to 21 hospitals in 2010, and there were 23 hospitals nationwide as of

December 2016. The trained coordinator of each hospital registered

data about all types of injuries with the KCDC online system. The

KCDC conducts quality control through periodic error analysis.

2.2. Study population

We used data of the EDIIS from January 1, 2011, to December

31, 2016. Since the year of 2011, the number of participating hos-

pitals has expanded to 21, and data collection has been stable. The
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study subjects were drivers over 60 years old involved in traffic

accidents who visited the ED during the study period. Traffic ac-

cidents included crashes related to general cars and trucks. The

accidents which were related to bicycles, motorcycles, and special

vehicles like cultivators were excluded. We also excluded patients

who did not visit the ED of participating hospitals primarily, but were

referred from other hospitals. Patients without essential data con-

cerning the injury severity were also excluded.

2.3. Variable definitions

The characteristics of subjects including sex, age, transportation

to the ED, alcohol intake, and seatbelt use were collected. In pre-

vious studies, the range of age in elderly drivers was varied.5�8 In

order to identify the change in injury severity according to age,

patients were subdivided into 5-year intervals in this study; 60–64,

65–69, 70–74, 75–79, and � 80 years. The time of onset of the acci-

dent was divided into daytime (00:80–16:00), evening (16:00–

24:00), and night (00:00–08:00). Transportation to the ED was clas-

sified as either via public ambulance or others. When alcohol intake

was suspected, it was noted, and the use of seatbelt was also

checked. The counterpart of the traffic accident was divided into

vehicles, fixed object (parked car, bench, tree, guardrail, building, a

bridge post, etc.), single car crash (no counterpart vehicle, sudden

use of brakes, change in direction and cornering by the driver, roll-

over of the car without a crash), and others. Road class where the

accident took place (alley/farm road, general road, or highways)

was indicated. The injuries were divided into head and neck, chest,

abdomen, and extremities by body region. In the case of multiple

injuries, the injured parts were marked separately. The prognosis of

the patient, ED outcome (discharge, transfer, admission, or expire),

and mortality were also investigated.

Injury severity was assessed using the excess mortality ratio-

adjusted injury severity score (EMR-ISS). EMR-ISS is a system that

evaluates injury severity based on the International Statistical Classi-

fication of Diseases and Related Health Problems 10th Revision

(ICD-10).9 Based on the severe injury criteria,10,11 patients with mild

and moderate EMR-ISS grade were classified as the non-severe in-

jury group and patients with severe and critical EMR-ISS grade were

classified as the severe injury group. Even with identical injuries,

mortality and morbidity will be higher in elderly drivers compared to

young adult drivers. In order to minimize this influence, we used the

injury severity as an outcome variable instead of the mortality or

length of hospital stay.

2.4. Statistical analysis

In order to compare the difference in characteristics for each

age group of elderly drivers, the chi-square test was used. To

examine the risk factors related to severe injury, variables with p <

0.01 through univariate analysis and clinically important variables

were analyzed with multivariate logistic regression and backward

stepwise elimination was applied. Data analyses were performed

using SPSS version 22.0 (IBM Corp., Armonk, NY, USA), and p < 0.05

were considered significant.

2.5. Ethics statement

This study was approved by the Institutional Review Board (IRB

No. GCIRB2016-242).

3. Results

During the study period, a total of 262,361 traffic accident

patients were identified. Among these patients, 7,956 drivers were

older than 60 years old. After applying the exclusion criteria, 6,427

patients were included in the analysis (Fig. 1).

The percentage of males was higher than females in all sub-

groups (Table 1). The highest number of patients of 3,200 (49.8%)

were occurred during the daytime. There was a significant difference

in the distribution of total accident time by age (p < 0.001). The num-

ber of patients who visited the ED by public ambulance was 3,110

(51.5%), and alcohol intake was noted in 137 (2.1%). Vehicles were

the most common as the counterpart, but in older age groups, the
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Fig. 1. Flow chart of study patients. TA, traffic accident.



rate of crash with fixed objects or single car crashes was increased.

The overall difference in the counterpart was statistically significant

(p = 0.001). Accidents mostly occurred on general roads. With in-

creasing age, the proportion of non-use of seatbelts increased. How-

ever, there was no statistical difference by age (p = 0.088). Head and

neck injuries were the most common with 3,428 (54.2%) cases.

Among the injured body regions, there was a significant difference

only in the chest region (p = 0.002) according to age groups. There

were 890 (13.9%) severely injured and 5,537 (86.1%) non-severely

injured patients. There was a significant difference in the overall

distribution of injury severity (p = 0.027), ED outcome (p = 0.028),

and mortality (p = 0.017).

The 60–64 year age group had the most patients with 2,955

(46.0%), followed by the 65–69 year age group with 1,788 (27.8%),

70–74 year age group with 1,067 (16.6%), 75–79 year age group with

441 (6.9%), and 80 years and older group with 176 patients (2.7%),

showing a decrease in total patient number as the age range in-

creased (Fig. 2a). The drivers aged 75–79 and � 80 were 41 (5.7%)

and 12 (1.7%) respectively in 2011, but it gradually increased up to

106 (7.5%) and 49 (3.5%) in 2016. Similarly to overall patient num-

ber, the number of severely injured drivers shows increasing trends

with each successive age group (Fig. 2b).

Multivariate analysis was performed with variables including

age groups, sex, traffic accident onset time, transportation to ED,

alcohol intake, seatbelt use, counterpart, and road class to identify

the risk factors associated with severe injury (Table 2). As a result,

the odds ratio (OR) of severe injury for the driver aged 75�79 was

1.39 compared to the driver aged 60-64 (95% confidence interval

[CI]: 1.06�1.84). In addition, the male gender, alcohol intake, and

non-use of seatbelt had higher OR of severe injury. The OR was sig-

nificant in cases of accidents with fixed objects or single car crashes,

and in terms of road class, OR was higher in general road or highway

than alleys/farm road.

4. Discussion

This study was meaningful in identifying that there were dif-

ferences in accident-related characteristics by age groups in elderly

drivers. In addition, we demonstrated the factors related to the oc-

currence of severe injuries. Among elderly drivers, there was an in-

creased risk of severe injury in the older age group. The OR of severe in-

jury was 1.39 in drivers aged 75–79 compared to drivers aged 60–64.

It has been reported in previous studies that mortality or the

ratio of severe injury is higher in the elderly driver than in the youn-
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Table 1

Baseline characteristics of elderly driver traffic accidents, N (%).

Age range, years

Variables Total

(n = 6,427)

60�64

(n = 2,955)

65�69

(n = 1,788)

70�74

(n = 1,067)

75�79

(n = 441)

� 80

(n = 176)
p

Sex, male 4878 (75.9) 2109 (71.4) 1384 (77.4) 864 (81.0) 382 (86.6) 139 (79.0) < 0.001 <

TA onset time (hr) < 0.001 <

00:00�08:00 1288 (20.0) 0640 (21.7) 0370 (20.7) 193 (18.1) 063 (14.3) 022 (12.5)

08:00�16:00 3200 (49.8) 1343 (45.5) 0867 (48.5) 593 (55.6) 274 (62.1) 123 (69.9)

16:00�24:00 1924 (29.9) 0965 (32.7) 0548 (30.7) 280 (26.2) 100 (22.7) 031 (17.6)

Transportation to ED 0.058

Public ambulance 3310 (51.5) 1533 (51.9) 0888 (49.7) 548 (51.4) 234 (53.1) 107 (60.8)

Others 3117 (48.5) 1422 (48.1) 0900 (50.3) 519 (48.6) 207 (46.9) 069 (39.2)

Alcohol intake noted 137 (2.1) 074 (2.5) 038 (2.1) 20 (1.9) 04 (0.9) 01 (0.6) 0.110

Counterpart 0.001

Vehicles 3939 (61.3) 1829 (61.9) 1127 (63.0) 646 (60.5) 260 (59.0) 077 (43.8)

Fixed objects 766 (11.9) 0338 (11.4) 0198 (11.1) 139 (13.0) 061 (13.8) 030 (17.1)

Single car crash 422 (6.57) 174 (5.9) 114 (6.4) 80 (7.5) 35 (7.9) 019 (10.8)

Others 021 (0.33) 006 (0.2) 009 (0.5) 004 (0.37) 001 (0.23) 001 (0.57)

Road class 0.013

Alley/Farm road 235 (3.6) 092 (3.1) 066 (3.7) 47 (4.4) 26 (5.9) 04 (2.3)

General road 3822 (59.5) 1758 (59.5) 1057 (59.1) 639 (59.9) 270 (61.2) 098 (55.7)

Highways 0688 (10.7) 0311 (10.5) 0212 (11.9) 116 (10.9) 36 (8.2) 13 (7.4)

Seatbelt use 0.088

Belted 4364 (67.9) 2025 (68.5) 1214 (67.9) 722 (67.7) 292 (66.2) 111 (63.1)

Unbelted 1005 (15.6) 0426 (14.4) 0281 (15.7) 178 (16.7) 080 (18.1) 040 (22.7)

Injury severity 0.027

Non-severe 5537 (86.1) 2567 (86.9) 1554 (86.9) 908 (85.1) 361 (81.9) 147 (83.5)

Severe 0890 (13.9) 0388 (13.1) 0234 (13.1) 159 (14.9) 080 (18.1) 029 (16.5)

Injured body region

Head and neck 3482 (54.2) 1620 (54.8) 0967 (54.1) 573 (53.7) 231 (52.4) 091 (51.7) 0.808

Chest 1507 (23.5) 0651 (22.0) 0403 (22.5) 285 (26.7) 123 (27.9) 045 (25.6) 0.003

Abdomen 1056 (16.4) 0505 (17.1) 0280 (15.7) 169 (15.8) 072 (16.3) 030 (17.0) 0.730

Extremities 1553 (24.2) 0724 (24.5) 0430 (24.1) 240 (22.5) 116 (26.3) 043 (24.4) 0.570

ED outcome 0.028

Discharge 4525 (70.4) 2138 (72.4) 1256 (70.3) 735 (68.9) 278 (63.0) 118 (67.1)

Transfer 459 (7.1) 199 (6.7) 123 (6.9) 87 (8.2) 37 (8.4) 13 (7.4)

Admission 1351 (21.0) 0587 (19.7) 0382 (21.4) 224 (21.0) 118 (26.8) 040 (22.7)

Expired 087 (1.4) 28 (01.0) 026 (1.5) 20 (1.9) 08 (1.8) 05 (2.8)

Mortality 0.017

Survival 6304 (98.1) 2913 (98.6) 1749 (97.8) 1042 (97.7)0 432 (98.0) 168 (95.5)

Death 123 (1.9) 042 (1.4) 039 (2.2) 25 (2.3) 09 (2.0) 08 (4.5)

TA, traffic accident; ED, emergency department.



ger population in the event of a traffic accident.6,12�14 However,

studies demonstrating the relationship between age and the oc-

currence of severe injuries were rare. Zhang et al.15 reported an

increased mortality and risk of injury requiring ED treatment or hos-

pital admission in older age groups among elderly drivers. Another

study that analyzed traffic accident patients in the Wisconsin area

also reported increased relative risk ratio of moderate injury and

severe injury with increasing age of the driver.16 The result of our

study is similar with previous studies in aspects of showing an in-

creased OR of severe injury occurrence in older age among elderly

drivers. However, we compensated the limitations of prior studies

using data based on the ED and evaluating the injury severity of a

patient during a stay in the ED. In multivariate analysis, the drivers

aged 65–69 (OR: 0.99, 95% CI: 0.83�1.19) and 70–74 (OR: 1.11, 95%

CI: 0.90�1.36) did not show differences in the occurrence of severe

injuries, while drivers aged 75–79 showed a statistically significant

result of 1.39 OR for the severe injury (95% CI: 1.06�1.84). In drivers

80 years and older, the rate of severe injury was 16.5%, which was

higher than 13.1�14.9% in drivers aged 60�74. However, the result

of multivariate analysis was not statistically significant in this age

group. It may have been difficult to confirm the tendency because of

the small number of patients in this age group.

In elderly drivers, the incidence of severe injury can increase

because of increased exposure to trauma due to various physical

and mental restrictions that decreased reaction capability. It is re-

ported that elderly drivers have more accidents at intersections due

to impairment in vision and risk recognition.17 Also, the accident rate

was increased in the elderly driver that did not pass the test of useful

field of view.18 In a study that explained an association between

cognitive ability and traffic accident, people who are 70 years and

older had a lower cognitive score and higher rate of traffic accidents

than the 65–69 year age group.19 In this study, vehicles were the

most common counterpart in all age groups, followed by a fixed ob-

ject and single car crashes. However, as the age increases, the num-

ber of crashes with a fixed object or single car crashes increased. The

reason can be explained by decreased driving capability due to de-

clining physical and mental functions of the elderly drivers. In multi-

variate analysis, crashes with fixed objects or single car crashes were

investigated as risk factors of severe injury.

Considering that life expectancy is extended and quality of life is

improved compared to the past, preventing the elderly from driving

would not be a realistic approach. A study has reported that training

drivers aged 65–94 significantly increased their ability to detect risk

factors while driving.18 Also, there was a report that elderly drivers

over 85 years of age have higher physical activity and mental func-

tion than non-drivers.20 Therefore, in order to prevent elderly traffic

accidents, it may be effective to promote accident prevention

through safety education and training rather than simply reducing

the proportion of elderly drivers.

The reported rate of elderly drivers who were non-use of

seatbelts showed a high deviation with 12.1–81.0%,8,12,13 for which
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Table 2

Risk factors for severe injury in the univariate and multivariate analysis.

Unadjusted Adjusted
Variables

Odds ratio 95% CI Odds ratio 95% CI

Age (yr) 60�64 reference reference

65�69 0.99 0.84�1.19 0.99 0.83�1.19

70�74 1.16 0.95�1.41 1.11 0.90�1.36

75�79 1.47 1.13�1.91 1.39 1.06�1.84

� 80 1.31 0.86�1.97 1.06 0.69�1.63

Sex Male 1.96 1.61�2.37 1.71 1.40�2.09

TA onset time (hr) 08:00�16:00 reference �

16:00�24:00 1.13 0.95�1.33

00:00�08:00 1.41 1.18�1.69

Public ambulance Yes 3.17 2.70�3.72 2.81 2.38�3.30

Alcohol intake Noted 3.85 2.70�5.49 2.02 1.39�2.94

Seatbelt Unbelted 2.48 2.09�2.96 2.06 1.71�2.48

Counterpart Vehicle reference reference

Fixed object 2.21 1.81�2.70 2.00 1.62�2.48

Single car crash 2.55 1.99�3.26 2.14 1.64�2.79

Others 0.42 0.06�3.11 0.28 0.04�2.17

Road class Alley/farm road reference reference

General road 1.45 0.94�2.23 2.25 1.42�3.57

Highway 1.36 0.84�2.18 2.46 1.48�4.09

CI, confidence interval; TA, traffic accident.

Fig. 2. Crash involved (a), severely injured drivers (b) by age group and year

(2011�2016).



this study showed 15.7%. The deviation is interpreted as the result of

differences in the data collection areas such as urban or rural areas,

and the inclusion of cultivators and motorcycles in traffic accidents.

In this study, the rate of non-use of seatbelts in drivers aged 60–64

was 14.4%, which increased gradually with age, up to 22.7% in

drivers 80 years and older. This is thought that reduction in aware-

ness of the traffic accident and confidence in driving ability. This pro-

vides evidence to emphasize the education related to safe driving to

elderly drivers. The rate of alcohol intake was 2.1% in total and de-

creased with increasing age. There was no statistically significant dif-

ference in the overall age distribution. In general, both alcohol intake

and non-use of seatbelts are associated with increased severity of

injury and mortality.21�24 In this result, both factors were associ-

ated with risk of severe injury occurrence.

In elderly drivers, ED outcome and mortality showed a sig-

nificant difference in the overall distribution by age groups. The

rate of hospital admission and death in the ED were all higher in

drivers aged over 75 years compared to the average rate of entire

patients. The mortality rate of the group aged 60–64 was 1.4%, while

that was high at 2.0% and 4.5% in the group aged 75�79 and over 80

years respectively. Compared to non-elderly drivers, elderly drivers

show a high frequency of severe injuries such as traumatic cerebral

hemorrhage and severe lung injury,25 as well as pelvic injuries ac-

companying arterial bleeding in low energy trauma.26

The limitations of this study are as follows. This study was not a

population-based study but a cross-sectional study. Because we an-

alyzed data from the ED of 23 hospitals nationwide, the results can-

not be generalized to the entire population of Korea. Another lim-

itation is that because most participating hospitals were tertiary

hospitals, the severity of injury may have been overestimated as

transferred patients were included. In order to prevent such pos-

sibility, we excluded patients who were transferred from other hos-

pitals, but the severity may still be relatively higher. In addition, the

EMR-ISS was used for the evaluation of injury severity instead of the

injury severity score (ISS). It should be considered that the assessment

of ISS is very difficult in large data. Lastly, comorbidities, such as dia-

betes, coronary disease, and stroke were not included as variables

because they contained too much missing data. These variables plan-

ned to be collected from only 7 of the 23 hospitals, resulting in almost

70% missing rate, and so authors could not be used these variables.

In this study, characteristics related to traffic accidents involving

elderly drivers according to the age group were identified using data

from the ED. Especially the injury severity increased in the group

aged 75 years and older. In addition to age, the male, alcohol intake,

non-use of seatbelt, crash with fixed objects, single-car crash, gen-

eral roads, and highways were factors associated with the occur-

rence of severe injuries. The age of drivers should be reflected when

a traffic safety policy is set, and we expect our results to provide an

evidence in determining the practical age standard.
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