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Objective: A prospective cohort study to investi-
gate how injury and early post-injury psychosocial
factors influence health outcomes 12 months after
road traffic injury.

Methods: Residents of New South Wales, Austra-
lia, with road traffic injury in the period 2013-16
were recruited. Explanatory factors were evaluated
for outcomes over 12 months using 12-Item Short
Form Survey (SF-12) Physical and Mental Compo-
nent Scores (PCS and MCS). Path models and medi-
ation analysis were used to examine the effect of
injury severity and explanatory factors.

Results: SF-12 PCS and MCS outcomes were poo-
rer among participants with baseline psychological
distress, for all injury severities (B coefficients -3.3
to -9.3, p<0.0001). Baseline pain and psychologi-
cal distress, and baseline PCS and MCS were each
involved in indirect effects of injury severity on
12-month PCS and MCS. Injury severity, baseline
PCS and MCS, and baseline psychological distress
were also associated with the likelihood of a com-
pulsory third-party insurance claim, and claiming
was negatively associated with 12-month PCS and
MCS outcomes (beta coefficients -0.22 and -0.14,
respectively, for both, p<0.01).

Conclusion: Baseline factors, including pain, psy-
chological distress and lodging a compulsory third-
party insurance claim, negatively impact long-term
physical and mental health status following road
traffic injury, emphasizing the importance of early
screening and intervention.

Trial registration: Australia New Zealand Clini-
cal trial registry identification number: AC-
TRN12613000889752.
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(LAY ABSTRACT A
Road traffic injury (RTI) can lead to adverse long-term
physical and mental health outcomes. This study followed
participants with RTI for 12 months to assess the effects
of acute post-injury psychological distress and physical
and mental health outcomes. For physical health outco-
mes, greater severity of injury leads directly to a more
restricted physical state; pain and psychological distress
soon after injury also contribute to negative physical out-
comes for participants experiencing more severe injuries.
For mental health outcomes, injury severity has no di-
rect effect on worsening mental state; mental state and
psychological distress soon after injury leads to worse-
ning outcomes for participants experiencing more severe
injury. Individuals with higher psychological distress or
pain were more likely to lodge a motor vehicle insurance
claim. These people had subsequently poorer 12-month
physical and mental health outcomes. It is essential to
understand how early screening and interventions for
\psychological distress and pain can affect recovery. )
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Level 13, Kolling Building, St Leonards, NSW, Australia.
E-mail: ian.cameron@sydney.edu.au

Morbidity arising from a road traffic injury (RTI)
is a very serious problem, and age-standardized
incidence rates of RTT increased between 1990 and 2017
(1). Globally, the number of motor vehicles increased
from 0.85 billion in 2000 to 2.1 billion in 2016; despite
this increase the rate of death decreased from 135 to
64 deaths per 100,000 vehicles over the same period
(2). The increase in morbidity from RTI poses a huge
challenge for health systems worldwide. Variations in
functional outcomes have been found within groups
with similar levels of injury severity, suggesting that a
range of individual, secondary and social characteristics
contribute to poor outcomes following RTI (3—4).

Published by Medical Journals Sweden, on behalf of the Foundation for Rehabilitation Information. This is an Open Access article distributed under the terms
of the Creative Commons Attribution-NonCommercial 4.0 International License (https://creativecommons.org/licenses/by-nc/4.0/)


https://creativecommons.org/licenses/by-nc/4.0/
mailto:ian.cameron@sydney.edu.au

JRM

JRM

JRM

Psychological distress negatively affects QOL post traffic injury p. 2 of 11

For people experiencing major trauma, recent
research from Europe and Australia has found that
functional outcomes, health status and return to
work status are suboptimal after 2—5 years (4-6).
Longitudinal studies of trauma patients have revealed
that psychological factors, including emotional and
cognitive perceptions, are negatively associated with
functional outcomes following head injury (7) and
lower extremity trauma (8).

The prevalence of psychopathology following injury
was estimated to be 10-30% for post-traumatic stress
disorder (PTSD), 6-42% for depression, and 4-24%
for post-trauma anxiety disorders (9). Whiplash-
associated disorder, spinal cord injury and mild-to-
moderate traumatic brain injury have been found in
a meta-analysis to be associated with elevated risk of
psychological distress (10). Previous studies found
that the prevalence of depression and anxiety tends to
decline over the first few months following a traumatic
event (11-12). Furthermore, the temporal sequencing
of physical and mental health outcomes following RTI
is complex (13). Survivors of major trauma could also
have changing frames of reference, with what is known
as the disability paradox (14).

The Factors Influencing Social and Health outco-
mes after motor vehicle crash injury (FISH) study is
an inception cohort study including persons injured
with varying injury severities, both hospitalized and
non-hospitalized (15). Our previous study found
increasing injury severity had a significant negative
effect on the 12-Item Short Form Survey (SF-12)
Physical Component Summary (PCS) and Mental
Component Summary (MCS) scores at 12 months
after injury. Using mediation analyses, baseline SF-12
scores, baseline pain, baseline psychological status
and compulsory third-party (CTP) insurance claimant
status were all involved in indirect pathways of ef-
fect of injury severity on 12-month SF-12 PCS and
SF-12 MCS (16). Based on this previous work, the
current study hypothesis is that injury severity af-
fects 12-month SF-12 PCS and MCS through several
pathways, and the aim of this study is to quantify the
mediating factors involved.

METHODS

Inclusion and exclusion criteria

The FISH study recruited adult residents in New South
Wales (NSW), Australia, who were injured in RTI
between August 2013 and December 2016. Detailed
methods for the FISH study have been published
elsewhere (15). Participants included injured drivers,
riders, passengers, pedestrians or cyclists involved in
a motor vehicle crash. Participants were excluded if

they had pre-existing cognitive impairment, or if they
had severe traumatic brain injury, spinal cord injury,
extensive burns or multiple amputations. Participants
with injury due to self-harm, or those with minor iso-
lated superficial soft-tissue injuries, such as bruises,
abrasions or cuts, were also excluded.

Study design

Most participants were recruited from hospital emer-
gency departments (5% from other sources) and were
contacted within 28 days of injury by telephone to ob-
tain baseline information. Interviews were conducted
using computer-aided telephone interview by trained
interviewers.

Participants were divided into 3 groups of injury se-
verity according to their self-reported length of hospital
stay (LOS), with mild injury defined as participants
with LOS of 1 day or less (including participants who
did not present or who were not admitted to hospital),
moderate for participants with LOS 2-6 days and
severe with LOS >7 days. The use of LOS as injury
severity measure has been common practice (17) and
this LOS cut-off has been reported previously (and is
strongly correlated with Injury Severity Score) (16).
Participants were assessed using a structured interview
at baseline, and again at 6 and 12 months after injury.

Outcome measures

The primary outcomes were 12-month SF-12 Mental
and Physical health Component Summary Scores
(MCS and PCS, respectively) (18). The SF-12 is one
of the most commonly used measures of health-related
quality of life and utilizes 12 questions to derive the
PCS and MCS (18). PCS and MCS at baseline post-
injury were considered in the path modelling and
mediation analyses. The FISH study used the acute
form of the SF-12 questionnaire, which instructs the
participants to recall the past week.

Key explanatory factors included baseline presence
of pain and pain severity (numerical rating scale; NRS)
(19), pain catastrophizing (Pain Catastrophizing Scale)
(20), psychological status (Impact of Events Scale (21)
and the Depression, Anxiety and Stress Scale (22)) and
CTP insurance claimant status.

NRS for pain is a unidimensional measure of pain
intensity in adults (19). The Pain Catastrophizing Scale
is one of the most widely used instruments to measure
catastrophic thinking related to pain and has been va-
lidated (20). We define high baseline pain catastrophi-
zing as Pain Catastrophizing Scale >30 based on the
recommendation by Sullivan (20). Impact of Events
Scale-revised (IESR) is a validated measure for post-
traumatic stress symptoms (21), and we define IESR
>4.5 (out of 12) as high baseline IESR. Depression,
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Anxiety and Stress Scale 21 (DASS21) is a validated
scale for negative emotional states of depressive mood,
anxiety and stress (22), and we define DASS21>30 at
baseline post-injury as high baseline DASS (23). The
cut-off scores of IESR and DASS21 were based on a
previous study that established a cut off with reaso-
nable sensitivity and specificity when detecting major
depressive disorder and PTSD (23).

CTP insurance protects the driver from liability if
they were to cause the death of or injure people in a
motor vehicle crash, and is a requirement in NSW,
Australia before motor vehicle drivers can register their
vehicle. The insurance pays for the treatment and care
of the injured, the loss of income, and the damages
claim lodged. CTP insurance does not cover the cost of
damaged vehicles or property, nor claims from drivers
who were charged with serious driving offences. CTP
claims need to be lodged within 6 months of the motor
vehicle crash (24).

The study was conducted according to the Declara-
tion of Helsinki and approved by the Central Sydney
(Concord Hospital) Local Health District Human
Research Ethics Committee.

Statistical analyses

Statistical analyses were performed using SAS v 9.4
(SAS Institute Inc., Cary, NC, USA) and MPLUS Ver-
sion 7.3 (Muthén & Muthén, Los Angeles, CA, USA).
First, lincar mixed models were used to evaluate ba-
seline pain and psychological distress (high DASS21,
high IES-R and high pain catastrophizing) and CTP
claimant status as explanatory factors for SF-12 PCS
and MCS outcomes 12 months after the injury among
individuals with mild and moderate-severe injury.

Effects of baseline pain were adjusted for recruitment
source, pre-injury factors, and crash and injury factors.
Effects of baseline psychological factors and CTP
claimant status were adjusted for recruitment source,
pre-injury factors, crash and injury factors, baseline
pain and other baseline psychological factors. Where
effects were identified, the presence of associations
at the initial baseline post-injury time-point and the
impact of additional adjustments are also noted.

The pre-injury covariables included were age group,
sex, pre-injury paid work or self-employment, pre-
injury social satisfaction, pre-injury educational level,
pre-injury physical comorbidities (25), pre-injury
anxiety or depression (25), and pre-injury EQ-5D-3L
time trade-off (TTO) summary score derived using
Australian-derived time-trade-off weights (26). Crash
and injury-related covariables included were percei-
ved danger and crash type.

Secondly, the current study examined the involve-
ment of baseline psychological status, baseline pain
severity and CTP claimant status in different pathways

of effect of injury severity on 12-month SF-12 PCS
and MCS outcomes. Initial baseline SF-12 PCS and
MCS were also considered in the path models. For
each step of the pathway, effects were estimated after
adjusting for all pre-injury factors using the STDY
standardization option.

In this paper we use the term “effect” in its statistical
sense when discussing estimates from the linear mixed
models and path analyses. We have applied causal in-
ference principles in considering the temporal ordering
events and to guide analyses based on regression adjust-
ment for antecedent and coincident factors. However
other covariables may be relevant which it was not
possible to consider in the current analyses, therefore
it is still possible that effects identified are not causal.

RESULTS

Of the 2,019 recruited participants, 2,018 provided
self-reported hospital LOS, and 1,201 (60%) comple-
ted the 12-month follow-up. Table I shows pre-injury,
crash and baseline factors by injury severity group.
Longer hospital stay (LOS >7 days) was associated
with older age (»<0.0001), male sex (p<0.0001),
lower education level (p<0.0001), rural hospital re-
cruitment (p<0.0001), being an unprotected road user
(i.e. not a vehicle occupant, with the exception of being
a bicyclist) (p<0.0001) and claiming compensation
(»<0.0001).

Individuals with higher injury severity had worse
PCS scores at all stages of the study (p<0.0001).
Even though the 6- and 12-month MCS scores were
significantly lower with longer hospital LOS (»=0.003
at 6-months and 0.02 at 12-months), the difference in
MCS scores between the groups was small (Fig. 1).

Injury severity and explanatory factors for 12-month
SF-12 PCS and MCS outcomes

Table II shows the strength of association between the
explanatory factors baseline pain, baseline psycholo-
gical distress and CTP claimant status, and 12-month
SF-12 PCS and MCS outcomes, after adjustment for
covariables.

Consistent negative effects of CTP claimant status
(beta estimate —5.0 to —5.1), baseline DASS21 (beta
estimate —4.5 to —5.7), IESR (beta estimate —4.5 to
—6.9), pain catastrophizing (beta estimate —7.7 to —7.8),
and baseline pain rating of 4 or more (beta estimate
—4.2 to —5.2) were seen on SF-12 PCS at 12-months
post-injury. These effects were all similar to those seen
among participants with milder injuries.

Consistent negative effects of baseline DASS21
(beta estimate —11.3 to —11.6), IESR (beta estimate
—5.8 to —6.3), and pain catastrophizing at baseline
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Table I. Characteristics of the inception cohort by injury severity, as measured by length of hospital stay (LOS) in days

LOS =<1 LOS 2-6 LOS =7
n=1304 n=507 n=207

Characteristics n (%) or mean (SD) n (%) or mean (SD) n (%) or mean (SD) p-value

Completed 6-month follow-up 959 (73.5) 385 (75.9) 140 (67.6) 0.046

Completed 12-month follow-up 758 (58.1) 329 (64.9) 114 (55.1) 0.016

Age (mean, SD) years 39.7 (15.6) 43.1(17.3) 45.5(18.2) <0.0001

Male sex 784 (60.1) 372 (73.4) 149 (72.0) <0.0001

Highest level of education <0.0001
Primary or pre-primary 70 (5.4) 38 (7.5) 18 (8.7)

Secondary 375 (28.8) 167 (32.9) 72 (34.8)

Technical or other further education 302 (23.2) 121 (23.9) 65 (31.4)

Tertiary or university 556 (42.7) 181 (35.7) 52 (25.1)

Pre-injury paid work 1011 (77.5) 378 (74.6) 143 (69.1) 0.02

Pre-injury EQ-5D-3L TTO summary score (mean, SD) 0.93 (0.14) 0.93 (0.14) 0.92 (0.14) 0.7

Pre-injury comorbidities 726 (55.7) 286 (56.4) 128 (61.8) 0.2

n (%) n (%) n (%)

Road user type <0.0001

Car driver 522 (40.1) 143 (28.2) 58 (28.2)
Car passenger 143 (11.0) 47 (9.3) 13 (6.3)
Motorbike driver or passenger 329 (25.3) 197 (38.9) 102 (49.5)
Bicyclist 210 (16.1) 76 (15.0) 13 (6.3)

Pedestrian or skateboard 99 (7.6) 44 (8.7) 20 (9.7)

Perceived danger of death <0.0001
Overwhelming 102 (8.6) 62 (13.5) 34 (18.1)

Great 195 (16.5) 99 (21.6) 44 (23.4)
Moderate 303 (25.6) 111 (24.2) 49 (26.1)
Small 293 (24.8) 94 (20.5) 32 (17.0)
None 291 (24.6) 93 (20.3) 29 (15.4)

Self-report of predominant injury <0.0001
Multiple areas 151 (13.0) 46 (9.9) 19 (9.7)

Head/face 104 (9.0) 28 (6.0) 9 (4.6)
Neck 143 (12.3) 19 (4.1) 9 (4.6)
Spine/back 74 (6.4) 29 (6.3) 17 (8.7)

Torso 212 (18.3) 123 (26.5) 56 (28.6)
Lower extremity 198 (17.1) 115 (24.8) 68 (34.7)
Upper extremity 278 (24.0) 104 (22.4) 18 (9.2)

n (%) or mean (SD) n (%) or mean (SD) n (%) or mean (SD)

Baseline pain (any pain) 1087 (83.4) 468 (92.3) 199 (96.1) <0.0001
Baseline pain catastrophizing (mean, SD) 15.4 (13.6) 16.0 (14.1) 19.0 (14.0) 0.003
Baseline DASS-21 (mean, SD) 12.3 (15.1) 13.1 (15.1) 14.7 (15.4) 0.09
Baseline IES-R (mean, SD) 3.53(3.12) 3.75(3.10) 4.03(3.16) 0.06
Baseline PCS (mean, SD) 38.0(11.2) 29.3(9.2) 25.1 (8.4) <0.0001
Baseline MCS (mean, SD) 49.2 (12.0) 48.9 (11.7) 46.7 (12.1) 0.02

n (%) n (%) n (%)

Claimant status
Linked to CTP claim (PIR) at baseline 275 (21.1) 142 (28.0) 86 (41.6) <0.0001
Self-report claims of any type at 12 months 198 (26.2) 135 (41.2) 54 (47.8) <0.0001
Claimant with current legal representation at 12 months 88 (44.4) 70 (51.9) 29 (53.7) 0.035
Claimant who sought other legal advice at 12 months 18 (9.1) 19 (14.1) 10 (18.5)

Note: numbers in italics represent mean (SD), others represent n (%).

SD: standard deviation; TTO: time trade-off; LOS: length of hospital stay; DASS21: Depression, Anxiety and Stress Scale; IESR: Impact of Events-Revised
Scale; PCS: Physical Component Summary score; MCS: Mental Component Summary score; CTP: Compulsory Third Party; PIR: Personal Injury Register.

(beta estimate —6.3 to —9.7) were found for SF-12
MCS at 12-months after all adjustments. These effects
were all similar to those seen among individuals with
milder injury, except that pain catastrophizing did
not have a significant effect in the group with milder
injury. CTP claimant status was also associated with
12-month SF-12 MCS (beta estimate —7.8 for LOS 7+
days and —2.3 for LOS < 1 day). Baseline pain rating
of 4 or more (beta estimate —4.2 for LOS 2—6 days and
—-3.0 for LOS < 1 day) was associated with 12-month
SF-12 MCS before, but not after, adjusting for other
post-injury factors.

Fig. S1 shows the combined effect of increasing
injury severity and baseline psychological distress on

SF-12 PCS and MCS outcomes, using the example of
high baseline DASS21.

Pathways of effect of injury severity on SF-12 PCS
and SF-12 MCS

Considering SF-12 PCS 12 months after injury as the
health outcome for people with moderate to severe
injuries, the path analysis shows that initial injury
severity and initial PCS have the main direct effects
on this health outcome (Fig. 2). Increasing injury se-
verity directly and negatively affected SF-12 PCS at
baseline post-injury, with additional indirect effects
mediated by increased baseline pain and pain severity,
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Fig. 1. Unadjusted 12-Item Short Form Survey (SF-12) Physical and Mental Component Scores (PCS and MCS) at baseline, 6 and 12 months with
different lengths of stay (LOS). 95% CI: 95% confidence interval. FISH: Factors Influencing Social and Health outcomes after motor vehicle crash

injury study.

and, to a lesser extent, pain catastrophizing. Baseline
SF-12 PCS was strongly associated with SF-12 PCS
12 months post-injury. Severe injury (LOS >7 days)
had additional direct negative effects on SF-12 PCS
at 12-months over and above those seen at baseline.
Smaller indirect negative effects of injury severity on
SF-12 PCS at 12 months were found to operate through
baseline pain and pain severity, CTP claimant status
and baseline psychological factors and/or SF-12 MCS.

Severe injury, baseline physical health status, base-
line psychological status and baseline SF-12 MCS all
affected whether a CTP insurance claim was made,
which then had a negative effect on SF-12 PCS at 12
months.

Considering the SF-12 MCS as the health outcome
for people with moderate-to-severe injuries, the cur-
rent study found that increasing injury severity did not
directly affect baseline or long-term MCS. Rather, the
effects of injury severity on MCS related to PCS, pain
and baseline psychological status (Fig. 3).

Increasing injury severity indirectly and negatively
affected SF-12 MCS at baseline post-injury through

associations between increased baseline pain and
pain severity and baseline psychological status.
Baseline SF-12 MCS was strongly associated with
SF-12 MCS at 12-months post-injury. Baseline psy-
chological status also directly affected SF-12 MCS at
12-months, over and above its early effect on baseline
SF-12 MCS.

Smaller indirect negative effects of injury severity
on SF-12 MCS at 12 months were found to operate
through CTP claimant status and baseline SF-12 PCS.
Severe injury, baseline physical health, baseline psy-
chological status and baseline mental health status all
affected whether a CTP insurance claim was made,
and that then had a negative effect on mental health
outcome.

DISCUSSION

This study demonstrated that baseline pain and base-
line psychological factors played an important role in
long-term recovery after sustaining a moderate-severe
RTI. This is a new finding and extends what is known

J Rehabil Med 54, 2022
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Table II. Explanatory factors for 12-Item Short Form Survey (SF-12) Physical and Mental Component Scores (PCS and MCS) at

12 months, by injury severity

Outcome measures:

Explanatory factors: SF-12 PCS at 12 months SF-12 MCS at 12 months

Among participants with LOS 7+ days B estimate (95% CI) p-value Footnotes B estimate (95% CI) p-value Footnotes
CTP claimant status -5.1(-9.3, -0.9) 0.02 b -7.8 (-11.6, -4.0) <0.0001 a,b2
High baseline IESR -4.5 (-8.0,-1.0) 0.01 b -6.3 (-10.2, -2.5) 0.001 a,b2
High baseline DASS -4.4 (-7.8,-1.0) 0.01 b -11.6 (-14.9, -8.3) <0.0001 a,b2
High baseline pain catastrophizing -7.8 (-11.4,-4.2) <0.0001 b -6.3 (-10.4, -2.2) 0.002 b2
Baseline pain rating = 4/10 -4.2 (-9.1, 0.6) 0.09 a -2.3(-7.0, 2.5) 0.3 a
Among participants with LOS 2-6 days B estimate (95% CI) p-value Footnotes B estimate (95% CI) p-value Footnotes
CTP claimant status -5.0 (7.5, -2.6) <0.0001 a,b -1.8 (-4.0, 0.5) 0.1 a
High baseline IESR -6.9 (9.2, -4.5) <0.0001 a(+),b -5.8 (-8.2, -3.4) <0.0001 a,b2
High baseline DASS -5.7 (-8.0, -3.4) <0.0001 a(+),b -11.3 (-13.5, -9.0) <0.0001 a,b2
High baseline pain catastrophizing -7.7 (-11.4, -4.1) <0.0001 b -9.7 (-13.3, -6.0) <0.0001 a,b2
Baseline pain rating > 4/10 -5.2 (-7.6, -2.7) <0.0001 a,b -4.2 (-6.6, -1.7) 0.0008 a,bl
Among participants with LOS < 1 day B estimate (95% CI) p-value Footnotes B estimate (95% CI) p-value Footnotes
CTP claimant status -6.4 (7.9, -4.9) <0.0001 a,b -2.3(-3.9, -0.8) 0.003 a,b2
High baseline IESR -5.9 (7.4, -4.4) <0.0001 b -6.1(-7.8, -4.5) <0.0001 a,b2
High baseline DASS -3.3 (-4.6, -1.9) <0.0001 b -9.8 (-11.2, -8.5) <0.0001 a,b2
High baseline pain catastrophizing -9.3 (-11.2, -7.4) <0.0001 b -1.7 (-3.8, 0.5) 0.13 a
Baseline pain rating = 4/10 -5.4 (-6.7, -4.2) <0.0001 a,b -3.0 (4.3, -1.7) <0.0001 a,bl

Estimates for baseline pain were adjusted for pre-injury factors and other crash/injury factors. Estimates for baseline psychological factors and CTP claimant
status were adjusted for pre-injury factors, crash and injury factors, baseline pain and other baseline psych factors. Footnotes indicate whether a significant

relationship was present at baseline and address sensitivity analyses about the inclusion/exclusion of additional adjustment factors:
a(+) sign indicates that the difference at baseline was in the opposite direction to the negative effects seen at 12 months.
a=significant difference seen at baseline time point (sign shown if directions of effect differ between baseline and 12 months).

b = difference still found after further adjustment for all factors.

b1 =difference still found after further adjustment for all factors EXCEPT other baseline psychological factors.
b2 =difference still found after further adjustment for all factors INCLUDING other baseline psychological factors.

c=not significantly different after further adjustment for all of the factors listed.
Note: Bold means statistical significant.

IESR: Impact of Events-Revised Scale; DASS: Depression, Anxiety and Stress Scale; PCS: Physical Component Summary score; MCS: Mental Component

Summary score; CTP: Compulsory Third Party; LOS: Length of hospital stay.

about their influence on recovery after mild injury
(27). Poorer long-term recovery in PCS was seen
among individuals with poorer initial psychological
reaction to injury across all levels of injury severity.
Furthermore, innovative path modelling suggested
that baseline psychological factors are involved via
multiple pathways in longer-term negative effects of
increasing injury severity, both for PCS and MCS of
the SF-12. These effects include, but are not limited to,
differences in insurance claiming behaviour, whereby
individuals with higher psychological distress or pain
catastrophizing were more likely to make a CTP claim,
while those with higher depressive mood scores were
less likely to claim. The connection between injury
severity and baseline psychological status involved
strong early links between post-injury baseline pain
severity ratings and each aspect of baseline psycho-
logical reaction including post-traumatic psycho-
logical distress scores, depressive mood scores and
catastrophizing scores.

Prior studies have found that immediate post-injury
psychological state influences longer term health
outcomes (12, 27-31). Our prior work from the FISH
cohort using the same dataset found that mental health
comorbidity is common following RTI, and mental
health symptoms have strong interrelationships with
pain (12). Using trajectory modelling, trajectories
of depressed mood (based on DASS21 subscale),

post-traumatic stress and pain interference were
found. The relationship between mental health and
pain interference trajectories revealed a high risk of
poor quality of life due to chronic pain for those with
chronic mental health symptoms, but not vice versa.
This highlights the importance of addressing comorbid
mental health symptoms early, to reduce long-term
risk of prolonged pain interference in these vulnera-
ble groups. Kenardy and colleagues studied a sample
of compensable RTI in adult traffic injury patients
in Queensland Australia. They found co-morbidity
of psychological disorder was common, with only
33% of not meeting psychiatric criteria for either
PTSD, generalized anxiety disorder (GAD), or major
depressive episode (MDE) during first 2 years after
injury (28). They also found substantial variability
in the diagnoses of mental health disorders, as well
as unstable diagnostic patterns over the first 2 years
after RTI. Kenardy found that patients with pre-injury
psychiatric history, poorer pre-injury health and social
support, acute psychological distress and pain cata-
strophizing, were greater at risk of developing chronic
mental disorders in the long term (28). Pozzato et al.
found pre-injury and baseline vulnerability were pre-
dictive of longer-term mental health outcomes using
pre-injury vulnerability factors (29) and autonomic
recovery patterns with parasympathetic activity and
heart rate (30).
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Fig. 2. Path models for 12-Item Short Form Survey (SF-12) Physical Component Score (PCS) at 12 months. Each step in the pathway has been
adjusted for pre-injury factors.

IESR: Impact of Events-Revised Scale; PCS: Physical Component Summary score; MCS: Mental Component Summary score; CTP: Compulsory
Third Party; LOS: Length of hospital stay; DEP: DASS-21 Depression Subscale Score.

Beta coefficient estimates based on STDY standardization. Blue or orange arrows of 4-point width represent p<0.0001. Blue or orange arrows of
2.5-point width represent p<0.01.

Blue or orange arrows of 1-point width represent p<0.05. Light grey arrows of 0.5-point width represent p>0.05.
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Fig. 3. Path models for 12-Item Short Form Survey (SF-12) Mental Component Score (MCS) at 12 months. Each step in the pathway has been
adjusted for pre-injury factors. Beta coefficient estimates based on STDY standardization. Blue or orange arrows of 4-point width represent
p<0.0001. Blue or orange arrows of 2.5-point width represent p<0.01. Blue or orange arrows of 1-point width represent p<0.05. Light grey arrows
of 0.5-point width represent p=>0.05.

IESR: Impact of Events-Revised Scale; PCS: Physical Component Summary score; MCS: Mental Component Summary score; CTP: Compulsory
Third Party; LOS: Length of hospital stay; DEP: DASS-21 Depression Subscale Score
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The current analysis shows poorer psychological
state post-injury means people were more likely to
become involved in insurance claim processes. Prior
publication of the analyses from the FISH dataset also
found participants with higher number of injuries and
longer duration of hospitalization, a higher perceived
risk of dying and pain catastrophizing were more
likely to have lodged a claim (29). Multiple theories
exist to explain the poorer recovery of the injured
claimants compared with non-claimants, and it is not
conclusively established that claiming compensation
directly causes poorer recovery (29, 31). Pozzato et al.
identified a possibly circular nature of the relationship
between seeking compensation and functional and
psychological outcomes, whereby psychological and
functional issues both contribute to and can be outco-
mes of seeking compensation (31).

Data from the FISH cohort suggested that “seeking
compensation is not necessarily harmful to psycholo-
gical health”, but stress vulnerability and injury-related
disability were major risk factors for psychological
distress (31). Studies have also identified legal servi-
ces factors, such as advocating claimants to remain
inactive in order to maximize compensation, can also
be detrimental to physical and psychological recovery
(32). However, the CTP scheme design in NSW and
Australia does not preclude early initiation of treatment
if people submit a claim (24).

CTP insurance claim was used in the current study,
while there is other evidence that has examined the
claiming process and described what elements of this
process may be harmful to health (33-36). Anxiety/
depression associated with claimant characteristics
including female sex, coping style, and lawyer enga-
gement had been reported previously (33). A cohort
study from 3 Australian states found claimants re-
ported high levels of stress trying to understand what
needed to be done for their claim, claim delays, the
number of medical assessments, and the compensation
they received (34). It is important that safe compen-
sation environments be developed with a focus on
minimizing disability.

It is widely believed that reducing mental health
symptoms could impact the post-trauma mental health
trajectory. Interventions to prevent chronic mental
disorders should be provided in the early post-injury
period. A stepped care model provides a potentially
cost-effective solution to the management of trauma-
related psychopathology (37). Stepped care refers to
the staged approach of practice of offering the least
intrusive intervention first, and then increasing the
intensity of intervention as necessary to achieve a desi-
red outcome (37). O’Donnell et al. proposed a 3-stage
model, consisting of early screening to identify those
who are vulnerable for poor adjustment, monitoring

those at risk, then offering early intervention to those
who remain symptomatic after a period of time (38).

Currently, these screening and stepped care ap-
proaches are more likely to be located in the healthcare
system, but they could also be embedded within injury
compensation processes, depending on the compensa-
tion system. Based on the current study findings, it is
necessary to have the screening and early intervention
begin as early as possible post-injury, with the under-
standing that compensation and litigation decisions
may be influenced by baseline and early post-injury
experience. Once people enter a compensation scheme,
there are additional factors that come into play that may
influence longer term outcomes, so the compensation
processes also need to be considered as part of the
stepped care approach.

In the NSW and Australian context, the process of
screening and stepped care could be initiated early
in the claim lodgement process. Insurers and claims
managers could institute a triage tool for detection of
the level of risk of poor recovery and reviewed in a
regular time-period. Once the risk is beyond a certain
threshold, early intervention should be instituted. An
example of this intervention can be the stepped col-
laborative care approach by Zatzick et al. (39). Their
care approach utilized case management, motivational
interviewing, pharmacotherapy, and cognitive beha-
vioural therapy (CBT) (39). The involvement of a
multidisciplinary team can potentially address other
important mediators found in the current study, inclu-
ding pain interference and other environmental aspects
not covered in the current path model.

The goal of this study was to highlight how and
where baseline factors are operating to affect long-
term outcomes. It confirmed that psychological/mental
health factors had similar importance across levels of
injury severity. The strength of this study lies in the
use of innovative path modelling, which illustrated
how baseline psychological factors are involved via
multiple pathways in longer-term negative outcomes of
injury severity. Individuals with higher psychological
distress or pain catastrophizing were more likely to
make a CTP claim, which was associated with poorer
12-month SF-12 results. This has clinical implications
on the importance of early assessments for these factors
early after injury (particularly a negative mental health
history) and how to moderate them.

Even though this was a well-conducted large pro-
spective cohort study with rigorous statistical analy-
ses, there are several limitations. The follow-up rate
was 60% at 12 months. However, statistical methods
were used that take into account missing data due to
loss to follow up, including the longitudinal mixed
modelling and mediation analyses. Secondly, despite
LOS being the most common indicator for injury
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severity used by transportation authorities worldwide
(17), critics have argued that LOS will depend on co-
morbidity factors and also be affected by changes in
healthcare delivery over time (40). However, from our
previous analyses using the same dataset, it was found
that the LOS and Injury Severity Score were strongly
related, supporting the use of LOS in this study (16).
The DASS21, IESR and Pain Catastrophizing Scale
were chosen for this study because of the excellent
criterion validity for detecting these psychological
disorders in injured participants (23); nonetheless
they are not intended for the purposes of diagnosis
of psychological disorder and not comparable to
clinical diagnosis by mental health professionals. For
pre-injury measures obtained at baseline, there are po-
tential recall biases even with the use of standardized
instruments. However the 3-level version of the EQ-
5D has very stark category distinctions (no problem
at all, some problem, or an extreme problem), which
would be less susceptible to this problem than a finer
categorization. Lastly, other covariables could be re-
levant, which could not be considered in the current
analyses; therefore we cannot infer causation from
our findings.

CONCLUSION

Injury severity was associated with poorer 12-month
physical and mental health outcomes through different
mechanisms. Pain, psychological distress and motor
vehicle crash insurance claims were all important medi-
ators for negative health outcomes. Improved under-
standing of how early screening and interventions for
pain and psychological distress may improve recovery
trajectory and inform future models of clinical practice.
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