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Objective This study aimed to examine whether injury severity differs with respect to age among
elderly pedestrians involved in traffic accidents and identify factors affecting injury severity.

Methods Using emergency department-based injury in-depth surveillance data, we analyzed the
data of patients aged 260 years who were victims of pedestrian traffic accidents during 2011 to
2016. The pedestrians' ages were divided into 5-year age strata beginning at 60 years. In a mul-
tivariate analysis, injury severity was classified as severe to critical or mild to moderate.

Results The analysis included 10,449 patients. All age groups had a female predominance, and
accidents most frequently occurred during the early morning. Multivariate analyses revealed
that compared to the 60 to 64 years group, the odds ratios for incurring a severe injury were
1.18 (95% confidence interval [Cl], 1.02 to 1.37) for the 65 to 69 years group, 1.42 (95% Cl, 1.23
to 1.64) for the 70 to 74 years group, 1.70 (95% Cl, 1.45 to 1.98) for the 75 to 79 years group,
and 1.83 (95% Cl, 1.56 to 2.15) for the > 80 years group.

Conclusion In this study of emergency department-based data, we found that injury severity in-
creased with age among elderly victims of traffic accidents. Furthermore, injury severity varied
with respect to sex, time and location of the accident, and type of vehicle involved. Therefore,
measures intended to reduce and prevent traffic accidents involving elderly pedestrians should
consider these findings.
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What is already known

The number of pedestrian accidents involving the elderly aged 65 years or older
is rising. However, none of the studies have examined the differences of injury
severity in relation to age among elderly pedestrians.

Capsule
Summary

What is new in the current study

The severity of pedestrian injuries in traffic accidents increases with age among
older adults. Further, we found that injury severity varies in relation to sex, time
of accident, type of vehicle involved, and location of accident.
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INTRODUCTION

The incidence of traffic accidents involving elderly individuals is
increasing consistently every year as a result of advances in med-
ical technology, extended mean life expectancies, and increased
social involvement among the elderly.” Additionally, aging deteri-
orates physical functions, such as vision and hearing, that may
affect the risk of a traffic accident while delaying an individual's
response time to risk.>® Although the number of pedestrian traf-
fic accidents is declining worldwide, the proportion of these acci-
dents that involve the elderly (> 65 years) is increasing. Accord-
ing to a statistical analysis of traffic accidents by the Road Traffic
Authority, the number of pedestrian traffic accidents involving
elderly individuals increased by 1.2-fold from 10,252 in 2013 to
11,978 in 2017, and the number of injury victims from such acci-
dents also increased from 9,413 to 11,224 in the same period.’

In addition to the effects of age on an increased risk of pedes-
trian accidents, elderly victims of traumatic accidents are faced
with increased mortality, complication rates, longer hospital
stays, and higher medical costs, compared to those in other age
groups.®® Although several studies have investigated the factors
affecting traffic accidents involving the elderly population, few
studies have obtained data focused on the elderly pedestrians
themselves. Moreover, none of the studies have examined differ-
ences in injury severity relative to age among elderly pedestrians.
Therefore, this study aimed to analyze whether the injury severity
consequent to a pedestrian traffic accident differs with regard to
age among elderly victims and to identify the factors affecting
this severity.

METHODS

Data collection

This retrospective cohort study used data from the Emergency
Department-based Injury In-depth Surveillance (EDIIS) database,
which are collected and managed by the Korea Centers for Dis-
ease Prevention and Control. This national prospective database
comprises data from injured patients who present to emergency
departments (EDs) at 23 currently participating hospitals nation-
wide. The EDIIS database was developed based on the World Health
Organization International Classification of External Causes of
Injuries and collects injury-related data to facilitate the develop-
ment of injury-related national policies. The database contains
information collected by ED physicians regarding the patients'
demographic characteristics, injury, emergency care records, ED
diagnosis, ED treatment, discharge, hospital admission, and out-
comes after hospital admission. The collected data were super-
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vised and corrected by an emergency physician and a skilled re-
search coordinator who had completed a relevant education pro-
gram for overseeing the EDIIS prior to participating in the project,
and entered in the web-based database system by the coordina-
tor. The Quality Control Committee reviewed the database and
periodically provided feedback to the EDIIS participants.

Participants

We used EDIIS data from January 1, 2011 to December 31, 2016.
The study participants were patients aged >60 years who pre-
sented to the ED of one of the participating hospitals after in-
volvement in a pedestrian traffic accident. All pedestrian traffic
accidents were included, irrespective of the type of vehicle in-
volved. Patients who were suspected to have visited the ED after
visiting another hospital and who did not present directly to the
ED immediately after the accident were excluded from the study.
Patients whose data lacked important information for the study,
such as injury severity, were also excluded.

Definition of variables

For each patient, sex, age, time of injury, means of hospital ad-
mission, and other information were collected. The patients' ages
were subdivided in 5-year units into five strata (60-64, 65-69,
70-74, 75-79, and >80 years) to examine differences of injury
severity relative to age. The time of injury was classified as day-
time (08:00-16:00), evening-time (16:00-24:00), and night-time
(00:00-08:00), and the means of hospital transportation was
classified as the use or disuse of public ambulance. The indicated
drinking status was based on speculation. The types of involved
vehicles included a bicycle, motorcycle, car, and others. The type
of road on which the traffic accident occurred was classified as a
general road, sidewalk, alley, and unknown. The outcomes of ED
treatment (e.g., discharge, transfer, admission, expire) and mortal-
ity were surveyed as indicators of patient prognosis.

Injury severity was assessed using the excess mortality ratio-
adjusted injury severity score (EMR-ISS). This system was designed
to assess injury severity according to the International Statistical
Classification of Diseases and Related Health Problems, 10th revi-
sion (ICD-10). Using this system, the excess mortality ratio is com-
puted for all ICD-10 codes in the Korean National Injury Database,
which allows classification of the ICD-10 codes into five grades
(1-5); subsequently, the ISS can be calculated by summing the
squares of the three highest severity scores.® Injuries can then be
classified as mild (1-8), moderate (9-24), severe (25-74), and
critical (> 75) based on the total EMR-ISS score. Here, patients
with EMR-ISS mild and moderate injuries were included in the
mild to moderate group, while those with EMR-ISS severe and
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critical injuries were included in the severe to critical group.™"

Unlike other studies, we set severity at the time of injury, rath-
er than mortality or the length of hospital, as the outcome vari-
able. We chose this variable with the intent to minimize the ef-
fects of the inevitably higher rates of mortality and morbidity
among elderly pedestrians, compared to young adults with the
same injury.

Statistical analysis

Differences in the characteristics of elderly pedestrians among
the age strata were compared using chi-square tests. To identify
the risk factors for severe injuries, covariates with a P-value of
<0.1 in the univariate analysis, as well as clinically important
covariates, were entered in a multivariate logistic regression with
backward stepwise elimination. The data were analyzed using IBM
SPSS Statistics ver. 22.0 (IBM Corp., Armonk, NY, USA).

Ethics statement

The present study was reviewed and approved by the appropriate
institutional review board (GCIRB2016-242). The institutional re-
view board waived the requirement for obtaining a signed informed
consent.

RESULTS

The records of 13,364 patients aged > 60 years who presented at
an ED after involvement in a pedestrian traffic accident were ex-
amined. After applying the exclusion criteria, 10,449 patients were
included in the final analysis (Fig. 1). A total of 4,048 patients
were male (38.7%), and the proportion of female subjects was
significantly higher in all age groups (P<0.001). Regarding the
time of injury, 44.5% of all injuries occurred during the night-
time, and night-time accidents were the most frequent in all age
groups except for the 60 to 64 years group (P<0.001). The per-

CEEM

centage of patients with suspected alcohol intoxication was 9.3%
in the 60 to 64 years group but decreased to 1.1% in the >80
years group (P<0.001). Most accidents involved cars, irrespective
of age group, whereas the type of vehicle was unknown in 21.6%
of cases. A majority of all accidents occurred on regular roads
(n=6,271; 60%), irrespective of age group. When injury severity
was classified according to the EMR-ISS, 2,389 (22.9%) of cases
were classified as severe to critical, while 8,060 (77.14%) were
classified as mild to moderate. However, the overall distribution
of injury severity differed significantly among the age groups
(P<0.001). After presenting to the ED, 5,667 (54.2%) were dis-
charged after treatment, 3,325 (31.8%) were hospitalized, and
525 (5.0%) died in the ED. Missing data were not shown in the
table because both the onset time of injury were 21 (0.2%) and
the ED outcome were 8 (0.08%) (Table 1).

The largest and smallest proportions of patients were in the 60
to 64 (24.5%) and > 80 years groups (14.3%), and this difference
was statistically significant (Table 2). Regarding patient distribu-
tion by year, the percentage of patients aged 65 to 69 years re-
mained stable at 24.4% in 2011 and 24.2% in 2016, whereas the
percentage of patients aged >80 years increased significantly
from 12.2% in 2011 to 15.3% in 2016 (P<0.001).

To identify risk factors for severe injury, a multivariate analysis
that included age, sex, time of injury, means of ED admission, type
of vehicle involved, and type of road was performed (Table 3). Af-
ter setting the 60 to 64 years group as the reference, the odds
ratios for incurring a severe injury were 1.18 in the 65 to 69 years
group (95% confidence interval [CI], 1.02 to 1.37), 1.42 in the 70
to 74 years group (95% Cl, 1.23 to 1.64), 1.70 in the 75 to 79 years
group (95% Cl, 1.45 to 1.98), and 1.83 in the >80 years group
(95% ClI, 1.56 to 2.15). Compared to the 65 to 69 years group,
the odds ratios for incurring a severe injury were 1.2 in the 70 to
74 years group (95% Cl, 1.04 to 1.40), 1.43 in the 75 to 79 years
group (95% Cl, 1.23 to 1.67), and 1.54 in the >80 years group

13,364 Pedestrian TA > 60 years old

2,826 Referred from other hospital

89 Missing data

10,449 Included patients

2,559 Age 60-64 2,337 Age 65-69

Fig. 1. Flow chart of the study patients. TA, traffic accident.
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2,327 Age 70-74

1,731 Age 75-79 1,495 Age >80
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Table 1. Baseline characteristics of elderly pedestrians involved in traffic accidents

Injury severity in elderly pedestrians

S Total 60-64 yr 65-69 yr 70-74 yr 75-79 yr 280 yr B
(n=10,449) (n=2,559) (hn=2,337) (h=2,327) (n=1,731) (n=1,495)
Sex, male 4,048 (387) 1,186 (46.4) 895 (38.3) 856 (36.8) 610 (35.2) 501 (33.5) <0.001
Onset time of injury (hr) <0.001
00:00-08:00 4,645 (44.5) 907 (35.4) 1,012 (43.4) 1,048 (45.0) 870 (50.3) 808 (54.1)
08:00-16:00 4,088 (39.1) 1,206 (47.1) 952 (40.7) 870 (37.4) 587 (33.9) 473 (31.6)
16:00-24:00 1,695 (16.2) 441 (17.2) 370 (15.8) 402 (17.3) 270 (15.6) 212 (14.2)
Transportation to ED <0.001
Public ambulance 3,927 (37.6) 1,021 (39.9) 941 (40.3) 881 (37.9) 605 (35.0) 479 (32.0)
Suspect alcohol intoxication 512 (4.9) 238 (9.3) 141 (6.0) 78 (3.4) 39 (2.3) 16 (1.1) <0.001
Activity <0.001
Work 503 (4.8) 179 (7.0) 124 (5.3) 93 (4.0) 61 (3.5) 46 (3.1)
Unpaid work 2,015 (19.3) 439(17.2) 459 (19.6) 499 (21.4) 342 (19.8) 276 (18.5)
Free time 3,329 (31.9) 834 (32.6) 761 (32.6) 775 (33.3) 525 (30.3) 434 (29)
Everyday life 4,011 (38.4) 978 (38.2) 859 (36.8) 833 (35.8) 703 (40.6) 638 (42.7)
Counterpart 0.015
Bicycle 398 (3.8) 100 (3.9) 99 (4.2) 99 (4.3) 54 (3.1) 46 (3.1)
Motorbike 437 (4.2) 129 (5.0) 103 (4.4) 98 (4.2) 63 (3.6) 44(2.9)
Car 7,239 (69.3) 1,716 (67.1) 1,611 (68.9) 1,634 (70.2) 1,206 (69.7) 1,072 (71.7)
Others 121(1.2) 34(1.3) 28(1.2) 31(1.3) 15 (0.9) 13(0.9)
Unknown 2,254 (21.6) 580 (22.7) 496 (21.2) 465 (20.0) 393 (22.7) 320 (21.4)
Place of occurrence 0.003
General road 6,271 (60.0) 1,550 (60.6) 1,375 (58.8) 1,390 (59.7) 1,077 (62.2) 879 (58.8)
Sidewalk 749 (7.2) 199 (7.8) 176 (7.5) 156 (6.7) 102 (5.9) 116 (7.8)
Alley 2,209 (21.1) 483 (189) 496 (21.2) 510 (21.9) 368 (21.3) 352 (23.6)
Unknown 1,220 (11.7) 327 (12.8) 290 (12.4) 271 (11.7) 184 (10.6) 148 (9.9)
Injury severity <0.001
Mild to moderate 8,060 (77.1) 2,078 (81.2) 1,865 (80.0) 1,779 (76.5) 1,263 (73.0) 1,075 (71.9)
Severe to critical 2,389 (22.9) 481 (18.8) 472 (20.2) 548 (23.6) 468 (27.0) 420 (28.1)
ED outcome <0.001
Discharge 5,667 (54.2) 1,566 (61.2) 1,389 (59.4) 1,249 (53.7) 824 (47.6) 639 (42.7)
Transfer 924 (8.8) 191 (7.5) 183 (7.8) 215(9.2) 166 (9.6) 169 (11.3)
Admission 3,325 (31.8) 705 (27.6) 678 (29.0) 751 (32.3) 634 (36.6) 557 (37.3)
Death 525 (5.0) 92 (3.6) 85 (3.6) 12 (4,8) 107 (6.2) 129 (8.6)
Mortality <0.001
Death 810 (7.8) 137 (5.4) 139 (6.0) 168 (7.2) 171 (9.9) 195 (13.0)
Values are presented as number (%).
ED, emergency department.
Table 2. Patient distribution by year incurring a severe injury with every 1-year increase in age was
Year  60-64yr 65-69yr  70-74yr  75-79yr  280yr 1.03 (95% Cl, 1.02 to 1.04).
2011 342 (25.1) 333 (24.4) 295 (21.6) 226 (16.6) 166 (12.2) The odds ratio for incurring a severe injury in accidents involv-
2012 400 (24.9) 388(24.1) 403(25.1)  217(135) 201 (12.5) ing a car relative to accidents involving a bicycle was 1.67 (95%
2013 417 (248) 374(223) 392(233)  251(149) 246 (14.6) Cl, 1.64 to 2.79). Furthermore, the odds ratio for incurring a se-
2014 421(245) 361(21.0) 389(22.6) 285(16.6) 262 (15.3) vere injury in accidents occurring on general road relative to ac-
2015 453 (239) 419 (221)  392(207)  348(18.2) 287 (15.) cidents occurring on sidewalk was 1.85 (95% Cl, 1.49 to 2.30).
2016 526 (24.2)  461(21.2)  452(20.8) 404 (186) 333 (153)
Total 2,559 (24.5) 2,336 (22.4) 2323 (222) 1,731(16.6) 1,495 (14.3)

Values are presented as number (%).

(95% Cl, 1.31 to 1.81). When age was set as a continuous vari-
able rather than stratified into 5-year groups, the odds ratio for
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DISCUSSION

In our study of pedestrian traffic accidents among the elderly, we
observed a significantly higher risk of incurring a severe injury in
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Table 3. Risk factors for severe injury in univariate and multivariate analyses

CEEM

Unadjusted Adjusted
Variable
Odds ratio 95% Cl Odds ratio 95% Cl
Age (yr) 60-64 Reference Reference
65-69 1.09 0.95-1.26 1.18 1.02-1.37
70-74 1.33 1.16-1.53 1.42 1.23-1.64
75-79 1.60 1.38-1.85 1.70 1.45-1.98
>80 1.69 1.45-1.96 1.83 1.56-2.15
Continuous 1.03 1.02-1.03 1.03 1.02-1.04
Sex Male 1.22 1.12-1.34 1.23 1.11-1.36
TA onset time 08:00-16:00 Reference Reference
16:00-24:00 1.43 1.29-1.59 1.43 1.28-1.60
00:00-08:00 213 1.88-2.42 1.98 1.73-2.27
Public ambulance Yes 4.51 4.00-5.09 4.21 3.72-4.76
Alcohol intake Yes 1.83 1.51-2.21
Vehicle Bicycle Reference Reference
Motorbike 2.27 1.55-3.32 1.42 1.62-2.48
Car 233 1.71-3.18 1.67 1.64-2.79
Unknown 2.36 1.71-3.26 1.62 1.15-2.27
Place of occurrence Sidewalk Reference Reference
General road 2.12 1.73-2.61 1.85 1.49-2.30
Alley 0.88 0.69-1.1 0.88 0.69-1.12
Unknown 1.02 0.79-1.30 1.05 0.81-1.36

Cl, confidence interval; TA, traffic accident.

all age groups relative to the 60 to 64 years group. A previous
study reported a higher mean ISS and mortality among pedestri-
an victims of motorcycle accidents aged 260 years, compared to
victims aged <60 years.” However, that study limited pedestrian
traffic accidents to those involving motorcycles, did not subdivide
age groups, and did not perform a multivariate analysis. Another
study reported that mortality increases with age in pedestrian
traffic accidents, consistent with our findings. However, that
study stratified age into 10-year intervals and did not consider in-
jury-related factors, such as the type of vehicle involved and lo-
cation of accidents.

In South Korea, the incidence of traffic accidents in the elderly
population (= 60 years) is higher among men, with a rate of 11.74/
1,000 persons per year versus 7.65/1,000 persons per year for
women.'* Although the incidence of pedestrian traffic accidents
was higher among women (61.3%) in our study, men exhibited
more severe injury (odds ratio, 1.23; 95% Cl, 1.11 to 1.35). Fur-
thermore, we observe a trend in which the proportion of female
victims increased with age, which was significant given the in-
creasing life expectancy of Korean women over the past decade.'
Furthermore, one study reported that men tend to violate traffic
regulations more frequently than do women.'®

The finding that a majority of injuries occurred early in the morn-
ing (00:00-08:00) can be attributed to an earlier waking time

Clin Exp Emerg Med 2019;6(3):235-241

among the elderly and, consequently, earlier activity. Moreover,
traffic conditions during these hours are more amenable to speed-
ing and other traffic law violations, while impaired visibility, in-
clement weather, and various other factors may also contribute
to the involvement of elderly in more severe accidents during this
time period.'”'® Our observation of more severe injury early in the
morning relative to the day-time hours (08:00-16:00) was con-
sistent with the findings of another study in which the severity of
injury from traffic accidents was highest at night-time among all
pedestrians.'®

In our analysis, as in other studies, the rate of alcohol consump-
tion was higher among younger victims of pedestrian traffic ac-
cidents.’ However, although the incidence of severe injury after
alcohol consumption was statistically significant in the univariate
analysis, this factor did not remain significant in a multivariate
analysis using backward elimination and was thus excluded from
the final analysis. Accordingly, we determined that alcohol con-
sumption did not have a major effect on the incidence of severe
injuries resulting from pedestrian traffic accidents.

Regarding the type of vehicle, the majority of pedestrian traffic
accidents in our study involved a car, and the resulting injuries
were more severe than those resulting from accidents involving a
bicycle. In addition, the type of vehicle involved was unknown in
21.6% of pedestrian traffic accidents, and these cases were also
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associated with more severe injury, compared to the injuries in-
curred during accidents involving a bicycle. The high percentage
of unknown vehicles may be attributable to the difficulty of ob-
taining such information from patients who present to the ED
while drunk or with altered consciousness.

Some strengths of our study include the use of ED-based data,
a multivariate analysis including various injury-related factors
(e.g., time and location of accident, type of vehicle involved), and
the subdivision of age groups in 5-year strata. The results enable
the determination of the age at which the incidence of severe in-
juries resulting from traffic accidents begins to increase among
elderly pedestrians and the identification of individual risk fac-
tors. This information can be used to propose effective preventive
measures.

However, this study also had a few limitations. First, although
underlying diseases, as well as age, may increase injury severity
among elderly patients, this study could not include comorbidi-
ties as a variable in the multivariate analysis because these data
were only available from seven of 23 participating hospitals (miss-
ing rate, 60% to 70%). However, we believe that the effects of
age partially reflect the effects of underlying diseases. Second,
this was a cross-sectional rather than a population-based study.
Nevertheless, this study is meaningful because it is based on a
large database of information collected from EDs at 23 hospitals
during a 6-year period. Third, most participating hospitals are ter-
tiary institutions. Accordingly, patients included in our study may
have been transferred to these hospitals, which may have led to
an overestimation of injury severity. To eliminate this possibility,
we excluded patients who had been transported to the ED via
private ambulances under the assumption that these patients
were transferred from another hospital. We admit that this may
have been inaccurate. Finally, we used the EMR-ISS, rather than
the widely used ISS, to assess injury severity because entering the
ISS data for all patients at each hospital, an amount of data
equivalent to approximately 20,000 to 50,000 pieces of data an-
nually, is a major obstacle. Additionally, it is difficult to control
accuracy during this process. Accordingly, we used the EMR-ISS
because this system indicates injury severity based on the ICD-10
diagnostic code, an item included in the survey.

In conclusion, the findings of this study based on ED data con-
firmed that injury severity increased with age among elderly vic-
tims of pedestrian traffic accidents. Moreover, we found that the
injury severity differed with regard to sex, timing of the accident,
type of vehicle involved, and location of the accident. We recom-
mend that preventive measures intended to reduce the number
of pedestrian traffic accidents involving elderly people should be
developed in consideration of these findings.
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