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Abstract
Introduction: Age-related physiological changes predispose older road users to higher
mortality from traffic crashes. We aimed to describe the injury epidemiology of these
patients, and explore the association between the comorbidity polypharmacy score (CPS) and
outcomes. Materials and Methods: This retrospective study utilised data from the Trauma
Registry in the National University Hospital, Singapore, between January 2011 and December
2014. Patients involved in traffic crashes aged 45 years and above with injury severity scores
(ISS) of 9 and higher were included. Results: There were 432 patients; median age was
58 (interquartile range, 51 to 65.5) years with predominance of male patients (82.2%) and
Chinese ethnicity (66%). Overall mortality was 9.95%, with lower odds associated with
higher Glasgow Coma Scale (odds ratio [OR] 0.73; 95% confidence interval [CI], 0.65 to
0.81, P <0.001), higher diastolic blood pressure (OR 0.98; 95% CI, 0.97 to 1.00, P = 0.031),
and lower ISS of 9 to 15 (OR 0.10; 95% CI, 0.02 to 0.43, P = 0.002). The need for blood
products was associated with higher mortality (OR 7.62; 95% CI, 2.67 to 21.7, P <0.001).
CPS did not predict mortality. Independent predictors of discharge venue included length
of stay, tier of injury and CPS group. Moderate CPS was statistically significant for nursing
home placement (OR 10.7; 95% CI, 2.33 to 49.6, P = 0.002) but not for rehabilitation
facility. Conclusion: CPS score is useful in predicting discharge to a nursing home facility
for older patients with traffic crashes. Further larger studies involving other trauma types
in the Asian population are needed to evaluate its utility.
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Introduction
In 2014, 11.2% of Singapore residents were aged 65 years
and older.1 This proportion is projected to increase to 18.7%
by 2030.2 The ageing population will herald a larger number
of older road users, especially as improved healthcare
renders them community-ambulant. Physiological changes
and underlying comorbidities may predispose them to
traffic crashes and poorer outcomes despite a lower injury
severity. In Singapore, road crashes were only second to
falls as the most common mechanism of injury in the adult
trauma population.3
Age-related physiological changes such as cognitive
impairment reduces ability to process information;

diminution in vision and hearing delays recognition of road
hazards; and reduced flexibility can affect older drivers’
response to traffic conditions.4,5 Older drivers are also more
likely to have medical illness as a causative factor for traffic
crashes.6-8 Additionally, older crash victims have higher
admission and fatality rates compared with the younger
age groups.4,9-11
Traditional trauma scoring systems such as the Injury
Severity Score (ISS) and Revised Trauma Score (RTS)
have been shown to be variable in predicting mortality
in the older population.12,13 To better predict outcomes
in older trauma patients, the Comorbidity Polypharmacy
Score (CPS) was developed by a group of physicians in
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the Ohio State University Wexner Medical Center and was
first described in 2013.14 CPS has been validated to predict
mortality and likelihood of older trauma survivors being
discharged home.15-17 It has also been proposed to be a
better measure of physiological age and frailty.17,18 To the
best of our knowledge, this novel scoring system has not
been widely used or studied in the Asian trauma population.
The objectives of this study are: 1) To describe the injury
epidemiological characteristics of older patients (aged 45
years and above) involved in motor vehicle crashes with
an ISS of 9 and above; and 2) To explore the association
between existing comorbidities and polypharmacy with
outcomes using the CPS.
Materials and Methods
This retrospective study was carried out using data
collected by the Trauma Registry in the National University
Hospital, Singapore. Data was gathered from patients aged
45 years and above with T1 (ISS score ≥16) and T2 (ISS
scores 9 to 15)19 injuries, who were seen in the emergency
department (ED) from January 2011 to December 2014.
The local ethics committee approved waiver of informed
consent. This age group was selected as they commonly
have chronic medical conditions requiring long-term
pharmacotherapy and polypharmacy15,20 and the shift in
the median age of the local population to 45 years by 2025
makes this an important watershed group to study.21
Detailed review of electronic medical records that included
inpatient notes, ED charts and past medical history was
performed by 2 independent data abstractors. Variables
collected include the injury epidemiology, injury severity,
outcome measures (mortality, ED disposition and discharge
venues), and types of comorbidities and medications used.
Any discrepancies were discussed and a third member of
the study team was consulted to achieve a final consensus.
CPS were calculated by adding pre-injury comorbidities
(both past and current) and number of medications,15-17
including over-the-counter medications or supplements
for each patient. The CPS severities were then subdivided
into minor (CPS of 0 to 7), moderate (8 to 14), severe (15
to 21) and morbid (≥22).15
Statistical Analysis
Results were analysed using Stata 14 (StataCorp LP,
College Station, TX). Categorical data were analysed
using chi-squared test or Fisher’s exact test. KruskalWallis and Mann-Whitney U tests were used for nonparametric variables; analysis of variance and Student’s
t test for parametric variables. Medians were reported
with interquartile ranges (IQR) and means with standard
deviations (SD). The outcomes of mortality, ED disposition

and hospital discharge venue were examined. Variables with
a P value of <0.10 were included for multivariate analysis.
For the binary outcomes of mortality, logistic regression was
used to obtain the odds ratio (OR) with its corresponding
95% confidence interval (CI).
For the analysis of discharge venue from the hospital
for survivors, patients who were transferred to private or
overseas hospitals were excluded because the study team
could not obtain information on whether they required any
step-down facility upon discharge. After the exclusion,
univariate analyses were repeated for all the variables.
Multinomial logistic regression was used to calculate ORs
and 95% CIs for the likelihood of being discharged to a
rehabilitation facility or nursing home compared to being
discharged home. A P value of <0.05 was set for statistical
significance after multivariate analysis.
Results
A total of 432 patients with T1 and T2 injuries from
traffic crashes attended the ED between January 2011 and
December 2014. The median age was 58 (IQR 51 to 65.5)
years, with Chinese (n = 285, 66%) and male predominance
(n = 355, 82.2%). Motorcycle riders constituted 45.6%
(197/432) of the patients, 21.1% (91/432) were pedestrians
and 12.5% (54/432) were cyclists. There were higher
proportions of motorcycle riders in the younger groups,
whereas pedestrians made up the majority in those 75 years
and older (Table 1).
With regard to the severity of injuries, the majority (71.8%,
28/39) of the oldest group had an ISS of 16 and above, and
advanced age was associated with a higher median length
of stay (LOS) (Table 1). Patients aged 60 years and above
were also more likely to require blood product transfusion,
and have head and neck injuries compared to patients aged
45 to 59 years (Table 1).
The overall mortality was 9.95% (43/432), with higher
proportion of deaths in the older groups (Table 2). After
multiple logistic regression, higher Glasgow Coma Scale
(GCS) scores (OR 0.73; 95% CI, 0.65 to 0.81, P <0.001),
higher diastolic blood pressure values (OR 0.98; 95% CI,
0.97 to 1.00, P = 0.031) and lower ISS of 9 to 15 (OR 0.10;
95% CI, 0.02 to 0.43, P = 0.002) resulted in lower odds of
mortality. The need for blood products transfusion in ED
was associated with higher mortality (OR 7.62; 95% CI,
2.67 to 21.7, P <0.001).
The median CPS was 2 (IQR 0 to 6); 79.6% (344/432)
had a CPS indicating minor severity, 18.3% (79/432) with
moderate severity and 2.1% (9/432) in the severe group
(Table 3). No patient had a morbid CPS score. Although
higher CPS scores were not significantly associated with
mortality, higher proportions of deaths were observed
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Table 1. Injury Epidemiology, Severity and Mortality by Age Group
45 to 59 Years
n = 245 (%)

60 to 74 Years
n = 148 (%)

≥75 Years
n = 39 (%)

165 (67.4)

130 (87.8)

38 (97.4)

Permanent resident

22 (8.98)

5 (3.38)

0 (0.0)

Foreign worker

56 (22.9)

9 (6.1)

0 (0.0)

Tourist/foreigner

2 (0.8)

4 (2.7)

1 (2.6)

Male

214 (87.4)

114 (77.0)

27 (69.2)

Female

31 (12.7)

34 (23.0)

12 (30.8)

Resident status
Citizen

<0.001

Gender

0.003

Ethnic group

0.037

Chinese

146 (59.6)

108 (73.0)

31 (79.5)

Malay

51 (20.8)

25 (16.9)

6 (15.38)

Indian

31 (12.7)

11 (7.4)

1 (2.6)

Others

17 (6.9)

4 (2.7)

1 (2.6)

Injured person type
Motorbike rider
Pillion

P Value

<0.001
132 (53.9)

58 (39.2)

7 (18.0)

9 (3.7)

2 (1.4)

0 (0.0)

Pedestrian

30 (12.2)

38 (25.7)

23 (59.0)

Cyclist

24 (9.8)

27 (18.2)

3 (7.7)

Vehicle driver

32 (13.1)

15 (10.1)

3 (7.7)

Back passenger

15 (6.1)

6 (4.1)

1 (5.1)

Front passenger

3 (1.2)

1 (0.7)

1 (2.6)

Unknown

0 (0.0)

1 (0.7)

0 (0.0)

Vehicle type

<0.001

Not applicable (pedestrian)

30 (12.2)

38 (25.7)

23 (59.0)

Motorcycle

140 (57.1)

61 (41.2)

8 (17.9)

Pedal cycle

24 (9.8)

27 (18.2)

2 (7.7)

Taxi

6 (2.4)

5 (3.4)

1 (2.6)

Private car

16 (6.5)

5 (3.4)

4 (12.8)

Van/pickup truck

11 (4.5)

5 (3.4)

0 (0.0)

Heavy transport vehicle

15 (6.1)

5 (3.4)

0 (0.0)

Bus

3 (1.2)

0 (0.0)

0 (0.0)

Others

0 (0.0)

2 (1.4)

0 (0.0)

None

50 (20.4)

11 (7.4)

1 (2.6)

Car, pickup truck or van

87 (35.5)

70 (47.3)

20 (51.3)

Type of object collided with

0.001

2- or 3-wheel motor vehicle

10 (4.1)

11 (7.4)

5 (15.4)

Heavy transport vehicle

60 (24.5)

28 (18.9)

6 (15.4)

Fixed or stationary object

28 (11.4)

24 (16.2)

4 (12.8)

Pedal cycle

2 (0.8)

2 (1.4)

1(2.6)

Unknown

8 (3.3)

2 (1.4)

0 (0.0)

DBP: Diastolic blood pressure; GCS: Glasgow Coma Scale; HR: Heart rate; IQR: Interquartile range; ISS: Injury Severity Score; LOS: Length of stay;
SBP: Systolic blood pressure; SD: Standard deviation; T1: Tier 1; T2: Tier 2
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Table 1. Injury Epidemiology, Severity and Mortality by Age Group (Cont'd)
45 to 59 Years
n = 245 (%)
Median GCS (IQR)
Mean SBP/DBP (SD)
Mean HR (SD)

60 to 74 Years
n = 148 (%)

≥75 Years
n = 39 (%)

P Value

15 (15 to 15)

15 (15 to 15)

15 (10 to 15)

0.004

132 (33)/76 (20)

138 (36)/78 (21)

128 (50)/67 (26)

0.306/0.021

83 (21)

80 (23)

78 (28)

0.360

Trauma team activated

92 (37.6)

45 (30.4)

15 (38.5)

0.322

Blood products given in ED

23 (9.4)

27 (18.2)

9 (23.1)

0.009

5.8 (2.5 to 12.6)

6.8 (3.0 to 16.9)

11.6 (4.0 to 30.5)

Median LOS (in days)
Tier of injury

0.037
<0.001

T1 (ISS ≥16)

90 (36.7)

58 (39.2)

28 (71.8)

T2 (ISS 9 to 15)

155 (63.3)

90 (60.8)

11 (28.2)

Injury type
Head

93 (38.0)

70 (47.3)

28 (71.8)

<0.001

Face

53 (21.6)

44 (29.7)

14 (35.9)

0.064

Neck

3 (1.22)

21 (14.2)

6 (15.4)

<0.001

Chest

121 (49.4)

75 (50.7)

20 (51.3)

0.956

Abdomen

31 (12.7)

17 (11.5)

7 (18.0)

0.559

Pelvis

34 (13.9)

23 (15.5)

7 (18.0)

0.765

Upper limb

56 (22.9)

48 (32.4)

15 (38.5)

0.033

Lower limb

82 (33.5)

70 (47.3)

15 (38.5)

0.024

Spine

69 (28.2)

31 (21.0)

12 (30.8)

0.220

18 (7.3)

17 (11.5)

8 (20.5)

0.029

Overall mortality

DBP: Diastolic blood pressure; GCS: Glasgow Coma Scale; HR: Heart rate; IQR: Interquartile range; ISS: Injury Severity Score; LOS: Length of stay;
SBP: Systolic blood pressure; SD: Standard deviation; T1: Tier 1; T2: Tier 2

(P = 0.133) by chi-squared test for trend (Table 3). Of those
who survived to admission (n = 415), 51.6% (214/415) were
admitted to the general ward and 47.5% (197/415) required
admission to the intensive care unit/high dependency (ICU/
HD); this was not affected by age or CPS.
Age was also not found to be a significant predictor of
discharge venue (Table 4). Higher CPS, resident status,
median GCS, injured person type, vehicle type, trauma team
activation, median LOS and tier of injury were significantly
associated with discharge venue (Table 4). After multinomial
logistic regression, only LOS, tier of injury and CPS group
remained statistically significant (Table 5). An increase in
each day of stay in hospital was associated with higher odds
of placement in a nursing home (OR 1.04; 95% CI, 1.02
to 1.05) or a rehabilitation facility (OR 1.02; 95% CI, 1.01
to 1.04). A lower ISS of 9 to 15 has lower likelihood for
transfer to a rehabilitation facility (OR 0.41; 95% CI, 0.21
to 0.82); lower ISS also showed a trend towards a lower
likelihood for nursing home placement albeit not statistically
significant (OR 0.31; 95% CI, 0.07 to 1.49). Moderate CPS
score, however, was only statistically significant for nursing
home placement but not for placement into a rehabilitation
facility (Table 5). When we examined the raw CPS scores,

every 1-point increase in CPS increased the odds of nursing
home placement compared to being discharged home by
18% (OR 1.18; 95% CI, 1.03 to 1.34, P = 0.017).
Discussion
Motor vehicle crashes are of global health concern. In
the World Health Organization’s (WHO) ‘Global Status
Report on Road Safety: Time for Action’, it was reported
that 50 million road users are injured globally per year
due to traffic crashes, with more than 1.2 million deaths.22
Pedestrians, cyclists and motorcyclists are collectively
known as “vulnerable road users” as they constitute half of
the road fatalities.22 These casualties take a toll on a country’s
health resources and economy. Deaths from automobile
crashes are postulated to increase from the 9th leading cause
of deaths in 2004 to the 5th cause worldwide by 2030.23 Yet,
road traffic injuries and deaths are eminently preventable.
The top 3 groups of injured persons in our cohort, namely
pedestrians, motorcyclists and cyclists, correspond to
WHO’s “vulnerable road users” who have higher risks
of death.24 This indeed warrants further action to ensure
they are protected. The majority of patients (75 years
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Table 2. Mortality At Discharge
Survived,
n = 389
(%)

Died,
n = 43
(%)

Age (in years)

0.029

45 to 59

227 (58.4)

18 (41.9)

60 to 74

131 (33.7)

17 (39.5)

≥75

31 (7.97)

8 (18.6)

181 (46.5)

16 (37.2)

Injured person type
Motorbike rider

0.522

Pillion

11 (2.8)

0 (0.0)

Pedestrian

77 (19.8)

14 (32.6)

Cyclist

48 (12.3)

3 (14.0)

Vehicle driver

46 (11.8)

0 (9.3)

Back passenger

20 (5.1)

0 (7.0)

Front passenger

5 (1.3)

0 (0.0)

Unknown

1 (0.3)

0 (0.0)

Vehicle type

0.101

Not applicable (pedestrian)

76 (19.5)

14 (32.6)

Motorcycle

192 (49.4)

15 (37.2)

Pedal cycle

48 (12.3)

4 (14.0)

Taxi

11 (2.8)

1 (2.3)

Private car

25 (6.4)

0 (2.3)

Van/pickup truck

15 (3.9)

2 (2.3)

Heavy transport vehicle

17 (4.4)

3 (7.0)

Bus

3 (0.8)

0 (0.0)

Others/unknown

2 (0.5)

1 (2.33)

None

61 (15.7)

1 (2.3)

Car, pickup truck or van

Type of object collided with

0.089
161 (41.4)

16 (37.2)

2- or 3-wheel motor vehicle

25 (6.4)

2 (4.7)

Heavy transport vehicle

79 (20.3)

15 (34.9)

Fixed or stationary object

50 (12.9)

5 (16.3)

5 (1.3)

0 (0.0)

Pedal cycle
Unknown

P Value

8 (2.1)

2 (4.7)

Trauma team activated

128 (32.9)

24 (55.8)

0.003

Blood products given in ED

42 (10.8)

17 (39.5)

<0.001

T1 (ISS ≥16)

135 (34.7)

41 (95.4)

T2 (ISS 9 to 15)

254 (65.3)

2 (4.6)

Tier of injury

<0.001

CPS group

0.133

Minor

313 (80.5)

31 (72.1)

Moderate

69 (17.7)

10 (23.3)

7 (1.8)

2 (4.7)

Severe

CPS: Comorbidity Polypharmacy Score; ED: Emergency department;
ISS: Injury Severity Score; T1: Tier 1; T2: Tier 2
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and above) who were involved in traffic crashes were
pedestrians (59%, n = 23). The age-related physiological
changes, comorbidities and polypharmacy in these patients
that prevented them from operating vehicles, continue to
impair them even as pedestrians. Older pedestrians often
require more time for crossing at traffic junctions,25,26 hence
modifications to pedestrian crossings should be considered.
One example locally is the extension of crossing time for
older pedestrians at selected traffic junctions using special
concession cards.27 Reducing speed limits at traffic junctions
and establishing vehicle-free network of pedestrian routes
may also protect these road users.24
In the age groups of 45 to 74 years, the greatest proportion
of injured person type was the motorcyclists. Older riders
are at higher risk for severe injuries and hospitalisation
compared to younger ones.28 Regular health checks,
licensing and regulations, and encouraging the use of safer
alternative transport are important in reducing traffic crashes
in this group of road users.24 Cyclists were the third largest
group to be involved in road accidents (12.5%, n = 54) in
our cohort. In order to minimise their risk of crashes and
mortality from head injuries, dedicated cycling paths and
mandatory helmet use should be established.24,29
Of note, the proportion of head and neck injuries was
significantly higher in the older patients. This could possibly
translate to more catastrophic injuries such as intracranial
haemorrhages and cervical spine injuries, leading to drastic
functional decline. Furthermore, close to half (47.5%) of the
study cohort required ICU/HD admission, indicating a need
for higher intensity monitoring and management. The older
patients also tended to have longer hospital stay leading
to higher consumption of healthcare resources. Mortality
rates also increased as the age increases, in congruence
with previous studies.4,9-11,30
As the ageing population grows with increasing incidence
of chronic diseases, there will be a greater proportion
of ambulant elderly road users on chronic medications.
Apart from the injuries, the underlying comorbidities
and interaction of polypharmacy may add to their frailty
and compound their injury severity. Therefore, a better
prognosticating tool for these patients is needed. The CPS
was developed with such an intention to better quantify
their true frailty, rather than rely on their “chronological
age”.15,17,31
Part of our results differs from previous studies, which
had demonstrated that CPS is an independent predictor of
mortality15,16,32 and discharge to a facility.18,31 Our results
did not show a significant association between CPS and
mortality. This could be due to the low mortality (n = 43,
9.95%) in our cohort and the lack of power due to small
numbers. The need for blood products in the ED as a
predictor for mortality was also plausibly due to survival
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Table 3. Demographics, Severity and Mortality by CPS Group
CPS Minor (0 to 7)
n = 344

CPS Moderate (8 to 14)
n = 79

CPS Severe (15 to 21)
n =9

45 to 59

218 (63.4)

26 (32.9)

0 (11.1)

60 to 74

99 (28.8)

42 (53.2)

7 (77.8)

≥75

27 (7.9)

11 (13.9)

1 (11.1)

Age (in years)

<0.001

Gender

0.037

Male

289 (84.0)

60 (76.0)

3 (66.7)

Female

55 (16.0)

19 (24.0)

3 (33.3)

Chinese

225 (65.4)

52 (65.8)

4 (88.9)

Malay

64 (18.6)

17 (21.5)

1 (11.1)

Indian

35 (10.2)

8 (10.1)

0 (0.0)

Others

20 (5.8)

2 (2.5)

0 (0.0)

245 (71.2)

79 (100.0)

5 (100.0)

Permanent resident

27 (7.9)

0 (0.0)

0 (0.0)

Foreign worker

65 (18.9)

0 (0.0)

0 (0.0)

Ethnic group

0.269

Resident status
Citizen

Tourist

P Value

<0.001

7 (2.0)

0 (0.0)

0 (0.0)

Trauma team activated

118 (34.3)

30 (38.0)

4 (44.4)

0.402

Blood products given in ED

36 (10.5)

21 (26.6)

2 (22.2)

<0.001

6.3 (2.8 to 13.8)

6.8 (2.5 to 24.0)

8.0 (1.7 to 30.0)

0.708

Median LOS (in days)
Tier of injury

0.919

T1 (ISS ≥16)

138 (40.1)

36 (45.6)

1 (22.2)

T2 (ISS 9 to 15)

206 (59.9)

43 (54.4)

7 (77.8)

General ward

173 (50.3)

35 (44.3)

6 (66.7)

HD/ICU

157 (45.6)

37 (46.8)

2 (33.3)

OT

3 (0.9)

1 (1.3)

0 (0.0)

Died in ED

11 (3.2)

6 (7.6)

0 (0.0)

31 (9.0)

10 (12.7)

2 (22.2)

Disposition from ED

Overall mortality

0.538

Discharge venue for survivors (n = 389)

0.133
0.006

Home

267 (85.3)

51 (73.9)

6 (85.7)

Rehab facility

34 (10.9)

10 (14.5)

1 (14.3)

Nursing home

4 (1.3)

7 (10.1)

0 (0.0)

Other hospitals

8 (2.6)

1 (1.4)

0 (0.0)

CPS: Comorbidity Polypharmacy Score; ED: Emergency department; HD: High dependency; ICU: Intensive care unit; ISS: Injury Severity Score; LOS:
Length of Stay; OT: Operating theatre; T1: Tier 1; T2: Tier 2

bias, since patients who were more severely injured were
more likely to require transfusion and thus have higher
mortality. Nevertheless, our study showed that patients with
moderate CPS have higher risk of being admitted to a nursing
home compared to patients with minor CPS. Unfortunately,
we did not have any patients in the severe CPS group who
were admitted to the nursing home for analysis.
The lack of significant association between CPS and

discharge to a rehabilitation unit could be due to their
admission criteria. Generally, only patients who are able
to participate in rehabilitation would be accepted and
patients with higher CPS may be too incapacitated for any
rehabilitation. We postulated this as a proportion of patients
who were discharged home had moderate (15.7%) or severe
(1.9%) CPS. Notwithstanding, knowledge that patients
with more comorbidities and medications have higher
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Table 4. Discharge Venues for Survivors
Home
n = 324 (%)

Rehab Facility
n = 45 (%)

Nursing Home
n = 11 (%)

Other Hospitals
n = 9 (%)

45 to 59

192 (59.3)

23 (51.1)

4 (36.4)

6 (88.9)

60 to 74

109 (33.6)

16 (35.6)

5 (45.5)

0 (11.1)

23 (7.1)

6 (13.3)

2 (18.2)

0 (0.0)

Age (in years)

≥75

0.188

Resident status
Citizen

0.006
250 (77.2)

40 (88.9)

9 (81.8)

1 (33.3)

Permanent resident

22 (6.8)

2 (4.4)

0 (0.0)

0 (0.0)

Foreign worker

47 (14.5)

3 (6.7)

2 (18.2)

2 (55.6)

5 (1.5)

0 (0.0)

0 (0.0)

1 (11.1)

15 (15 to 15)

15 (14 to 15)

15 (9 to 15)

15 (10 to 15)

Tourist
Median GCS (IQR)
Injured person type
Motorbike rider
Pillion

P Value

<0.001
<0.001

158 (48.8)

15 (33.3)

1 (9.1)

7 (77.8)

9 (2.8)

2 (4.4)

0 (0.0)

0 (0.0)

Pedestrian

59 (18.2)

10 (22.2)

6 (54.5)

1 (22.2)

Cyclist

39 (12.0)

8 (17.8)

1 (9.1)

0 (0.0)

Vehicle driver

38 (11.7)

6 (13.3)

2 (18.2)

0 (0.0)

Back passenger

17 (5.2)

3 (6.7)

0 (0.0)

0 (0.0)

Front passenger

4 (1.2)

1 (2.2)

0 (0.0)

0 (0.0)

Unknown

0 (0.0)

0 (0.0)

1 (9.1)

0 (0.0)

Not applicable (pedestrian)

58 (17.9)

10 (22.2)

6 (54.5)

1 (22.2)

Motorcycle

167 (51.5)

17 (37.8)

1 (9.1)

6 (77.8)

Pedal cycle

39 (12.0)

8 (17.8)

1 (9.1)

0 (0.0)

Taxi

9 (2.8)

0 (0.0)

2 (18.2)

0 (0.0)

Private car

23 (7.1)

2 (4.4)

0 (0.0)

0 (0.0)

Van/pickup truck

11 (3.4)

4 (8.9)

0 (0.0)

0 (0.0)

Heavy transport vehicle

15 (4.6)

2 (4.4)

0 (0.0)

0 (0.0)

Bus

1 (0.3)

2 (4.4)

0 (0.0)

0 (0.0)

Others/unknown

1 (0.3)

0 (0.0)

1 (9.1)

0 (0.0)

Vehicle type

<0.001

Type of object collided with

0.092

None

58 (17.9)

2 (4.4)

1 (9.1)

0 (0.0)

Car, pickup truck or van

131 (40.4)

19 (42.2)

5 (45.5)

3 (55.6)

2- or 3-wheel motor vehicle

20 (6.2)

3 (6.7)

1 (9.1)

1 (11.1)

Heavy transport vehicle

65 (20.1)

11 (24.4)

1 (9.1)

2 (22.2)

Fixed or stationary object

43 (13.7)

5 (11.1)

1 (9.1)

1 (11.1)

Pedal cycle

3 (0.9)

1 (2.2)

1 (9.1)

0 (0.0)

Unknown

3 (0.9)

4 (8.9)

1 (9.1)

0 (0.0)

Trauma team activated

98 (30.3)

22 (48.9)

6 (54.6)

2 (22.2)

0.029

Median LOS (in days)

5.9 (3.0 to 12.5)

19 (13.0 to 31.3)

62.8 (43.0 to 99.2)

5.5 (2.0 to 25.3)

0.001

CPS: Comorbidity Polypharmacy Score; GCS: Glasgow Coma Scale; IQR: Interquartile range; ISS: Injury Severity Score; LOS: Length of stay; SBP:
Systolic blood pressure; SD: Standard deviation; T1: Tier 1; T2: Tier 2
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Table 4. Discharge Venues for Survivors (Cont'd)
Home
n = 324 (%)

Rehab Facility
n = 45 (%)

Nursing Home
n = 11 (%)

Other Hospitals
n = 9 (%)

Tier of injury

<0.001

T1 (ISS ≥16)

97 (29.9)

26 (57.8)

8 (72.7)

3 (44.4)

T2 (ISS 9 to 15)

227 (70.1)

19 (42.2)

3 (27.3)

5 (55.6)

Minor

267 (82.4)

34 (75.6)

4 (36.4)

7 (88.9)

Moderate

51 (15.7)

10 (22.2)

7 (63.6)

1 (11.1)

6 (1.9)

1 (2.2)

0 (0.0)

0 (0.0)

CPS group

Severe

P Value

0.006

CPS: Comorbidity Polypharmacy Score; GCS: Glasgow Coma Scale; IQR: Interquartile range; ISS: Injury Severity Score; LOS: Length of stay; SBP:
Systolic blood pressure; SD: Standard deviation; T1: Tier 1; T2: Tier 2

Table 5. Results from Multinomial Logistic Regression on Discharge Venue
Rehab vs Home

LOS (days)

NH vs Home

Adjusted OR (95% CI)

P Value

Adjusted OR (95% CI)

P Value

1.02 (1.01 to 1.04)

0.001

1.04 (1.02 to 1.05)

<0.001

Tier of injury
ISS (≥16)
ISS (9 to 15)

1.00
0.41 (0.21 to 0.82)

1.00
0.011

0.31 (0.07 to 1.49)

0.145

CPS group
Minor

1.00

1.00

Moderate

1.33 (0.60 to 2.99)

0.484

10.7 (2.33 to 49.6)

Severe

1.59 (0.17 to 14.8)

0.683

No patients

0.002

CPS: Comorbidity Polypharmacy Score; ISS: Injury Severity Score; LOS: Length of stay; NH: Nursing home; OR: Odds ratio

risk of nursing home placement may prompt clinicians
to undertake early discharge care planning to prevent
prolonged hospital stay.
The cohort studied here had a median CPS score of only
2, which could be real or artefactual. They may have been
genuinely healthy or were simply non-compliant with
medications or underdiagnosed due to a lack of healthseeking behaviour. In the National Health Survey 2010,
younger residents were found to be less likely to undergo
health screening compared to those aged 60 to 69 years.33
Given the generally low CPS, we found it more meaningful
to consider the raw CPS scores without categorising them.
Each 1-point increase in CPS was associated with higher
odds of need for nursing home placement.
Strengths of this study include the novel use of the CPS
score in an Asian trauma population. As alluded to earlier,
to the best of our knowledge, this scoring system has not
been studied in the Asian context. The epidemiology of road
traffic crashes in older persons is also not widely explored.
Previous studies on automobile crashes done locally were
mainly on fatalities and the general population.34-38 This

study provides an understanding of the injury epidemiology
specifically in the older cohort who are more susceptible
to severe injuries and death, thus providing insight to the
healthcare resources utilised in the management and more
importantly, prevention of injuries from traffic crashes for
this population.
Limitations
There are some limitations to this study. First, its
retrospective design harbours inherent weaknesses.
Second, we were not able to contact the patients’ primary
physicians for added comprehensiveness in data collection
of medications and comorbidities, as this information was
not available electronically. Third, the numbers of patients
discharged to rehabilitation facility and nursing home were
relatively small, resulting in imprecise OR estimates. The
raw CPS scores however, gave a more precise risk estimate
for nursing home placement. We were also unable to examine
the effect of severe CPS on nursing home admission. A type
II error could not be excluded since the number of survivors
admitted to a rehabilitation facility was relatively small
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(11.6%, n = 45). However, these results can be used for
hypothesis generation and more studies should be conducted
to look at a larger cohort, including other trauma types in
our local population.
Lastly, most previous studies on CPS were performed on
trauma cohorts with various mechanisms of injuries, except
for one conducted in burns patients.18 Hence, its application
on a cohort that comprises patients from road crashes may
be an oversimplification. This raises the question of whether
patients in traffic crashes behave differently from the rest
of the trauma subgroups. One postulation is that these
patients could be a self-selected group; they are likely to
be less frail compared to patients of other trauma types on
the basis that they are community-ambulant.
Conclusion
Older victims of road traffic crashes have higher morbidity
and mortality compared to their younger peers. The CPS
score could potentially be used as an adjunct to current
trauma scoring tools to predict the need for discharge to a
step-down facility; but larger studies need to be done for
further evaluation of its usefulness in Asian populations.
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