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Abstract
Background: Mental health symptoms, like depressive mood (DM) and post-traumatic stress (PTS), and pain
interference (PI) with daily functioning often co-occur following traffic injury and their comorbidity can complicate
recovery. This study aimed to map the course and overlapping trajectories of mental health symptoms, and
associations with PI in a traffic injury population.
Methods: In total, 2019 adults sustaining minor-to-moderate traffic injury were recruited within 28 days post-injury
and assessed using phone interviews at 1, 6 and 12-months post-injury. Trajectories of DM, PTS and PI were
established and relationships between DM, PTS and PI trajectories were explored using dual trajectory modelling.
Bio-psychosocial predictors (e.g. pre-injury health, catastrophizing, acute distress, quality of life, social support) of
mental health trajectories were investigated.
Results: Up to five typical post-trauma trajectories were identified for DM, PTS and PI. Most people were in a
resilient mental health trajectory (over 60%, DM or PTS), or in a chronic PI trajectory (almost 60%) 12 months postinjury. While recovery/resilient mental health trajectories were strongly interrelated (73.4% joint probability and >
94% conditional probabilities), DM/PTS comorbidity in chronic trajectories was not straightforward, suggesting a
possibly asymmetric relationship. That is, persistent DM was more likely associated with persistent PTS (90.4%), than
vice versa (31.9%), with a 22.5% probability that persistent PTS was associated with none or milder depression (i.e.
following a recovery/resilient DM trajectory). An asymmetrical relationship was also found between mental health
and PI. The majority of those with persistent PI were likely to be in a recovery/resilient DM/PTS trajectory (almost
70%), but those in a non-resilient DM/PTS trajectory showed a high risk of persistent PI. Predictors of non-resilient
mental health trajectories included poorer pre-injury health and social support, and shared factors like acute
psychological distress and pain catastrophizing.
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Conclusions: Strong interrelations were confirmed between mental health symptoms and PI following traffic injury.
However, persistent DM was more strongly linked to persistent PTS, than vice versa. Persistent PI was only linked
with persistent DM/PTS in vulnerable subgroups. Early psychiatric/psychological interventions should target elevated
psychological distress and negative appraisals in vulnerable individuals, to reduce long-term mental health morbidity/
comorbidity and PI.
Trial registration: ACTRN12613000889752.
Keywords: Injury, Depression, Post-traumatic stress, Pain catastrophizing, Pain interference

Background
Traffic injuries have a very considerable global impact, affecting up to 50 million people every year [1]. Just like
other injuries [2], irrespective of their initial severity [3],
traffic injuries can result in significant mental health problems [4–6], chronic pain and related interference on daily
functioning [7, 8], which often co-occur [9]. Comorbid
conditions pose a challenge for injured persons, as well as
treating clinicians, because standard unimodal approaches
frequently lead to suboptimal outcomes [10]. Past studies
of comorbidity have often focused on a subset of problems
in specific injury groups (e.g. post-traumatic stress and
pain in whiplash) and few studies have explored comorbidity in the transition from acute injury to chronicity [9].
By adopting a person-centred approach [11], further analyses must consider these problems as an integrated
system in the person’s recovery course. A thorough understanding of the transition of each condition and their associations over time is crucial to develop evidence-based,
tailored, integrated interventions that may lead to improved recovery [12].
Depressive mood (DM) and post-traumatic stress (PTS)
are very common mental health symptoms following an
accident or injury [5, 13–15], however, most studies have
investigated PTS rather than depression. If these DM and
PTS symptoms remain elevated, there is an increased risks
of disability [16–18] and progression to serious mental
disorders (as per Diagnostic and Statistical Manual (DSM)
of Mental Disorders criteria), like major depressive disorder (MDD), post-traumatic stress disorder (PTSD),
panic disorder and generalized anxiety disorder [5, 19].
Post-injury rates of mental disorder have been reported in
the range of 30–50% [5, 14, 20, 21].
Individual course and relationships over time between
multiple problems are best captured by person-centred
analysis, such as growth mixture models [11, 22]. A few
studies have now examined trajectories of mental health
following injury [18, 23–27]. Bryant et al., (2015) used
latent class analysis (n = 1084) to establish trajectories of
PTSD severity over a period of 6 years post-injury. They
found five trajectories: (a) 4% with chronically high levels
(chronic), (b) 6% whose severity levels were reducing (recovery), (c) 8% who were showing increasing PTSD

severity but improving at 6 years (worsening/ recovery),
(d) 10% who became more severe (worsening) and (e)
73% who had stable low PTSD symptoms across time
(resilient) [26]. These trajectories are typical of those
found following a trauma of some kind, that is, at least
four trajectories (resilient, recovery, chronic and delayed
onset), according to a systematic review of 54 studies
[25]. Only two studies have investigated mental health
trajectories entirely in people with traffic injuries, both
focusing on PTS trajectories [23, 24], but other evidence
suggests people suffering traffic injuries may differ in
their adjustment compared to other traumas [28], with
frequent changes in psychiatric diagnosis over time [5].
More studies are warranted to study mental health
adjustment following a traffic injury in a comprehensive
manner.
Mental health comorbidity is typical after an injury [5,
13, 19, 20], most frequently involving PTSD and MDD
[21, 29–31], but the nature of this association remains
unclear. Some researchers have explored shared predictors and vulnerability in an effort to clarify whether
these conditions are unique or separate constructs [29,
30]. These and other studies [32] have pointed to the
importance of bio-psychosocial factors like mental
health history, associated physical problems, cognitive
bias/perceptions (catastrophic thinking, perceived threat
to life), levels of acute distress, the presence of social
support and compensation involvement. These above
factors have been found to contribute more than demographic and injury factors, in predicting mental health
wellbeing after a traffic injury [32]. Other researchers
have studied directionality of association over time by
looking at reciprocal or directional changes to understand mental health comorbidity [31]. Following traffic
injuries, those affected by multiple disorders (e.g. PTSD
and MDD) or suffering PTSD showed an increased risk
of chronicity in any disorder [5, 29]. Therefore, additional understanding concerning mental health comorbidity patterns, including overlapping trajectories and
the existence of modifiable shared risk factors, is needed
in this population.
Pain frequently co-occurs with mental health problems
[33–35], especially after injury [2, 7, 36], resulting in
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more complex management of psychiatric care [33, 34,
36] and higher costs [37]. Shared neurobiological underpinning [38] and reciprocal relationships have been
found between these conditions, that is, mental health
problems increase risk of persistent pain [2, 24, 34, 36]
and vice versa [34, 39]. Analysis of mental health-pain
relationships among traffic crash survivors is mostly restricted to whiplash cohorts and PTSD [9, 24], despite
substantial evidence showing pain influences mental
health outcomes [40] and negatively interferes with injury recovery [8].
The impact of pain on the individual’s physical and
psychological functioning is known as pain interference
[41]. The literature is robust with respect to the need of
considering not just pain intensity (personal experience
of pain as a symptom) but also pain interference (person’s perception of the extent to which pain limits daily
activities) among trauma patients [42]. Pain interference
is strongly associated with both pain intensity and psychological symptoms, such as mood problems [43–45].
However, studies of comorbid patterns between pain
interference and mental health symptoms following an
injury are scarce.
Traffic injuries have a huge global impact and result in
substantial (co) morbidity [1], but the limited focus of
past research on specific injuries like whiplash and mental disorders like PTSD we believe, has resulted in a deficit in knowledge about how to improve recovery
outcomes. There exists a critical need for large prospective research to examine comorbidity of multiple mental
health symptoms and associations with pain related trajectories in traffic injury populations, especially minorto-moderate injuries [3], given troubling prevalence of
mental health symptoms following these injuries and related worldwide health burden [46]. Therefore, the
current study aimed to investigate: (i) trajectories of DM
and PTS and any PI over a 12 month-period post-injury;
(ii) the association between DM and PTS; (iii) the association of DM/PTS with PI; and (iv) bio-psychosocial predictors of membership in a mental health trajectory.
It was hypothesized that: (1) at least four trajectories in
DM, PTS and PI will be found over a period of 12 months
post traffic injury; (2) the probability will be high that participants in a resilient/recovery or chronic trajectory in DM will
be respectively a member of resilient/recovery or chronic trajectory in PTS, and vice versa (i.e. mental health trajectories
are symmetric and highly interconnected over time), (3) the
probability will be high that persistent PI trajectories are
strongly associated with chronic/worsening mental health
trajectories, and (4) bio-psychosocial variables (e.g. prior
mental health issues, acute distress, pain intensity and catastrophizing, social support) will be independent predictors of
membership in DM and PTS trajectories, with psychological
factors being shared predictors.
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Methods
Design and procedure

The study employed a multi-site inception cohort design, defined as recruitment within 28 days post-injury
from emergency departments, general practitioners,
physiotherapy clinics and the claim database of a government insurance regulator in New South Wales
(NSW), Australia. Recruitment was ongoing between
August 2013 and December 2016. Potential participants
were screened, then invited to participate by letter invitation, with the option of opting-out of the study via
telephone or email within 1-week of the letter mail out.
Verbal consent was obtained over the phone from those
who did not opt out. Phone interviews occurred at 1 (i.e.
within 4 weeks of injury), 6 and 12-months post-injury.
Data were entered on a secure online platform, called
Research electronic data capture (REDCap) [47].
Study inclusion criteria include: (i) being 17 years old or
more; (ii) sustaining a traffic-related physical injury and
being recruited within 28 days of injury; (iii) being a resident of New South Wales (NSW), Australia; (iv) having
sufficient English proficiency. People were excluded if
they: (i) have sustained a major trauma or catastrophic injury (e.g. spinal cord injury, moderate/severe traumatic
brain injury, extensive burn, major amputation); (ii) have
sustained a very minor soft tissue injury only (e.g. bruise,
abrasion, cut); (iii) have sustained injury due to intentional
self-harm; (iv) have experienced the loss of a family member in the crash; (v) have prior cognitive issues impacting
on the ability to consent. For details on recruitment, design and procedure see Jagnoor et al. [48].
Participants

People aged at least 17 years old were invited to participate after sustaining minor-to-moderate traffic-related injury (i.e. musculoskeletal injury, mild traumatic brain
injury) over the 42-month period. A total of 2019 participants met inclusion/exclusion criteria (see Additional file 1). Response rates for the 6 and 12-month
follow-up were 73.5 and 59.5% respectively. Those with
follow-up at 6 or 12-months were older (p < 0.0001) and
more likely to be born in Australia (p < 0.0001), have tertiary education (p < 0.0001) and report small or no perceived danger of death caused by the accident (p <
0.0001). They did not differ significantly in paid work status but were less likely to be unemployed and more likely
to be a student or retired (p = 0.0004). They did not differ
significantly in sex distribution, comorbidities, self-rated
pre-injury health, hospitalization or number of injuries.
Measures
Bio-psychosocial predictors

All predictors of DM/PTS trajectories were collected at
the baseline phone interview. The list of potential
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predictors was guided by prior research on psychological
impacts of traffic injury [6, 32]. The final model includes
the following factors: (i) Employment at the time of injury which was dichotomized (yes/no). (ii) Self-reported
pre-injury health-related quality of life (HRQoL), using
the European Quality of Life-5 Dimensions (EQ-5D-3 L)
scale that includes five dimensions: mobility, self-care,
usual activities, pain/discomfort and anxiety/depression
[49]. Each domain is measured by a 3-point Likert scale
(0-no problem, 1-some problems, 3-extreme problems).
An overall summary score, on a range between − 1 and
1 was calculated, based on EQ-5D-3 L value sets for perceived value of the possible combinations of health states
reported. (iii) Post-injury HRQoL was measured using
the Short Form 12 (SF-12), a valid and reliable selfreported health survey [50], providing a distinct physical
and mental component summary scores. (iv) Pain intensity was measured using an 11-point Likert scale (0-no
pain to 10-worst pain ever) [51]. The following psychosocial predictors were also included: (v) Perceived danger of death during the road crash was assessed on a 5point Likert scale (0-none to 5-overwhelming). (vi) Satisfaction with social relationships was assessed using a 5point Likert scale (1-poor to 5-excellent). (vii) Painrelated psychological distress (e.g. feeling helpless about
their pain) was measured using the Pain Catastrophizing
Scale (PCS) [52]. The PCS is a 13-item 5-point Likert
scale (0–4), a range of 0–52 with scores 34 or above indicating severely elevated pain-related catastrophic
thinking. However, due to a transposing error, a 6-point
Likert scale (0-not at all to 5-all the time) was used rather than the usual 5-point scale, resulting in totals ranging between 0 and 65. These totals were rescaled so
that the final score would lie on the published range of
0–52. This minor alteration of the Likert scoring did not
alter the outcome of the analyses [6]. The PCS has been
shown to have adequate reliability, validity and internal
consistency [52].
Table 1 shows baseline socio-demographic (e.g. age,
sex, education) and injury-related factors (e.g. time in
hospital, type and number of injuries, road user type).
Based on previous evidence [32] and supplementary analysis showing inclusion of these factors didn’t alter study
findings, these were not included in the final predictive
model (also given they are not modifiable). Although the
study collected information on injury compensation, further exploration of the impact of this factor was not included in this paper.
Post-traumatic stress (PTS) symptoms

The Impact of Events Scale Revised (IES-R) was used to
measure the presence of PTS symptoms at 1, 6 and 12months post-injury via phone interviews. The IES-R is a
22-item self-report measure with acceptable reliability
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and validity [53] that has been validated in people with
traffic injuries [54]. Participants were asked to indicate
their degree of PTS during the past 7 days related to
their recent road crash on a 5-point scale (0-not at all to
4-extremely) for subscales avoidance, intrusion and hyperarousal. Domains are scored (range 0–4) by determining the mean item score. The maximum mean score
on each of the three subscales is ‘4’, therefore the maximum ‘total mean’ IES-R score is '12' (the sum of the 3
subscales). Higher scores indicate higher levels of PTS.
Based on available norms, a total mean score of ≥4.5 (i.e.
≥33 of the total score of 88) represents clinically elevated
PTS, that is, a probable PTSD diagnosis [21, 53].
Depressive mood (DM) symptoms

The 7-item depression subscale of the Depression Anxiety Stress Scale-21 (DASS-21) was used to assess the
presence of DM symptoms at 1, 6 and 12-months postinjury via phone interviews. DASS-21 is a 21-item scale
providing an overall assessment of psychological distress
based on DSM criteria [55], including three subscales of
7-item each: depressive mood, anxiety and perceptions
of stress [56]. The depression subscale includes seven 4point Likert items (0–3) assessing DM symptoms over
the past week: dysphoria, hopelessness, devaluation of
life, self-deprecation, lack of interest, anhedonia and inertia. Depression scores are calculated by summing all 7
items and range from 0 to 21. The DASS-21 has acceptable reliability and validity [56]. Based on available
norms for DASS-21 depression subscale in people following traffic injuries, scores of ≥5 out of 21 (i.e. ≥10
out of 42 if scores are multiplied by 2 according to the
original DASS-42) represent clinically elevated DM, that
is, a probable MDD diagnosis [21].
Pain interference (PI)

PI was assessed at 1, 6 and 12-months post-injury using
item 8 from the SF-12 health survey [50] administered
over the phone, which is a 5-point Likert scale (0-not at
all to 5- extremely) (“During the past 4 weeks, how
much did pain interfere with your normal work including work outside the home and housework”). We dichotomized PI as any versus no pain interference for the
GMM analyses because there were only five levels of
response.
Statistical analysis

Growth mixture modelling (GMM) and dual trajectory
analyses are person-centred approaches [22] that were
employed to achieve study objectives. Growth mixture
modelling (GMM) in Mplus version 7.3 [57] was used to
determine trajectories for change over time in DM, PTS
and PI, adjusting for significant predictors of trajectory
assignment (conditional model). Unconditional models
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Table 1 Baseline socio-demographic, crash and injury-related
characteristics of study participants (N = 2019)

Table 1 Baseline socio-demographic, crash and injury-related
characteristics of study participants (N = 2019) (Continued)

Variables

Mean (SD), range or
N (%)

Variables

Age in years

41.1 (16.5), 17–92

Sex

Mean (SD), range or
N (%)

Overwhelming

207 (10.5)

Great

313 (15.8)

Male

1305 (64.6)

Moderate

391 (19.8)

Female

714 (35.4)

Small

389 (19.7)

None

680 (34.3)

Country of birth
Australia

1434 (71.0)

United Kingdom

127 (6.3)

Did not attend

58 (2.9)

New Zealand

58 (2.9)

< 12 h

935 (46.3)

Other

400 (19.8)

Highest educational level
University or tertiary education

789 (39.1)

Technical or other further education

488 (24.2)

Self-reported time spent in hospital

> 12 h – 24 h

311 (15.4)

2–6 days

507 (25.1)

7 days or more

207 (10.3)

Any pain since injury

Secondary

614 (30.4)

Yes

1755 (86.9)

Primary or pre-primary

126 (6.3)

No

264 (13.1)

Paid work or self-employment at time of injury
Yes

1533 (75.9)

No

486 (24.1)

Pre-injury EQ. 5D summary score

4.9 (2.3) 0–10

Note: These demographic/ injury data have been presented in
prior publications

0.93 (0.14) -0.18-1

Pre-injury co-morbidities
Yes

1140 (56.5)

No

878 (43.5)

Pre-injury health rating
Excellent

779 (38.6)

Very good

740 (36.7)

Good

372 (18.4)

Fair

111 (5.5)

Poor

17 (0.8)

Road user role in crash
Driver

723 (35.9)

Passenger

204 (10.1)

Motorbike driver

622 (30.8)

Pillion passenger

6 (0.3)

Bicyclist

299 (14.8)

Pedestrian

139 (6.9)

Skateboarder

24 (1.2)

Areas with injuries
Head or face

603 (29.9)

Neck

667 (33.0)

Spine or back

777 (38.5)

Torso

901 (44.6)

Upper extremity

1367 (67.7)

Lower extremity

1157 (57.3)

Perceived danger of death in crash

Baseline average pain intensity rating (in
those with pain)

without covariates were examined initially, however the
trajectory assignments improved after including significant predictors in the modelling. Growth parameters
were allowed to vary, with constraints applied if required
due to computation issues. Potential effects of predictors
on growth parameters were examined initially but were
not substantially affecting trajectory assignments. GMM
was estimated under missing data theory using all available data, thus allowing for missing follow-up on the
outcome measures.
The optimal number of trajectories was determined
from information criterion indices, such as Akaike information criterion (AIC), Bayesian information criterion
(BIC) and entropy values [58]. Methods recommended
for determining the number of trajectories in GMM analyses include the model that best meets four criteria: (i)
the smallest indices for the Bayesian Information Criterion (BIC) and the Akaike information criterion (AIC);
(ii) higher entropy values; (iii) significant Vuong-LoMendell-Rubin (VLMR), Lo–Mendell–Rubin (LMR) and
parametric bootstrap (PB) likelihood ratio test (LRT) statistics, and (iv) interpretability of the model [58].
Estimated trajectory assignments were used to calculate joint and conditional probabilities of membership in
DM trajectories given PTS or PI, and vice versa. Findings were confirmed using dual trajectory modelling
analyses that calculated the relationships and concurrence between DM, PTS and PI trajectories [22]. The
output from the dual trajectory analyses was the
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probability of linked memberships in the DM, PTS and
PI trajectories. Data were analysed using Mplus version
7.3 software (https://www.statmodel.com/), Statistical
Analysis System (SAS) version 9.4 and R version 3.5.1.

Results
Compared with those without 12-month follow up,
those with follow up had lower baseline DM symptoms
(mean DASS depression scores: 3.48 (3.20–3.77) vs 4.37
(3.99–4.75)) and PTS symptoms (mean IESR scores: 3.35
(3.18–3.52) vs 4.06 (3.82–4.29)), but similar baseline
levels of PI (mean PI scores: 2.05 (1.97–2.13) vs 2.09
(1.99–2.19)). While rates of DM and PTS decreased over
time, at 12 months around 20% still had clinically elevated DM and around 17.5% clinically elevated PTS
(Table 2). Overall, at 12-month post-injury, one in four
(24.8%) people were suffering persistent DM or PTS and
over 40% reporting any PI.
Trajectories of DM, PTS and PI

Based on information criterion indices of GMM trajectories (see Additional file 2), a five-trajectory solution
was considered the best fit for DM, a four-trajectory solution for PTS and a three-trajectory solution for PI. Figure 1 shows five DM trajectories. There was a
probability of 67.7% of belonging to a trajectory with
stable low DM (T5, resilient; most likely n = 1335),
12.4% probability of belonging to a trajectory with improving DM (T4, recovery; most likely n = 244), 8.3%
probability of belonging to a trajectory with worsening
DM (T3, worsening; most likely n = 164), 7.5% in a trajectory with moderate-chronic DM (T2, moderatechronic, most likely n = 147), and 4.2% in a high DM trajectory (T1, chronic; most likely n = 83).
Figure 2 shows four PTS trajectories, with a probability
of 60.9% of belonging to a trajectory with stable low PTS
(T4, resilient; most likely n = 1206), a 7.8% probability of
belonging to a trajectory with increasing PTS (T3, worsening; most likely n = 154), a probability of 19.4% of belonging to a trajectory with reducing PTS over time (T2,
recovery; most likely n = 384), and a 11.9% probability of
belonging to a trajectory with stable high levels of PTS
over time (T1, chronic; most likely n = 236). By contrast,
only three trajectories were found for PI (Fig. 3) with a
probability of 59.3% of belonging to a trajectory with any
persistent PI (T1, chronic; likely n = 1198); a probability
of 25.9% of belonging to a trajectory with reducing PI
over time (T2, recovery; likely n = 523), and a 14.8%
probability of belonging to a trajectory with stable low
levels or no PI (T3, resilient; likely n = 298).
Predictors of mental health trajectory

With the DM resilience trajectory 5 as the reference (see
Additional file 3), factors found to be predictive of
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membership in the DM trajectories (T1–4) included
poorer pre-injury health (all trajectories p < 0.001), elevated PTS at baseline (all trajectories, p < 0.001), pain
catastrophizing (all trajectories, at least p < 0.05), dissatisfaction with social life (all trajectories, at least p < 0.05),
poorer physical health related-quality of life (T3, worsening, p < 0.001) and poorer mental health related-quality
of life (all trajectories, p < 0.001). With the PTS resilience
trajectory 4 as the reference, factors found to be predictive of membership in the PTS trajectories (T1–3)
included elevated DM at baseline (all trajectories, p <
0.001), high pain intensity (all trajectories except T2,
recovery, at least p < 0.05), pain catastrophizing (all trajectories, at least p < 0.001) and poorer mental health
related-quality of life (all trajectories, p < 0.001).
Relationships between DM and PTS

Table 3 shows the joint and conditional probabilities between DM, PTS and PI. It was anticipated that a high
probability of being in a recovery/resilient trajectory or a
chronic trajectory would occur for both DM and PTS.
The largest joint probability for DM and PTS consisted
of people who were members of the recovery/resilient
(T2/T4) PTS and the recovery/resilient (T4/T5) DM trajectories (56.2 + 7.8 + 7.0 + 2.4 = 73.4% of the sample).
Being a member of a chronic/worsening trajectory in
DM and PTS would be also expected, but this was not
the case. Instead, there was only a 13.1% probability of
belonging to a DM chronic (T1), moderate chronic (T2)
or worsening (T3) trajectory and being a member of a
PTS chronic (T1) or worsening (T3) trajectory, and a
similar joint probability of 13.4% of belonging to a
chronic/worsening trajectory and being a member of a
recovery/resilient trajectory for either DM or PTS.
The conditional probabilities for DM and PTS provide
some explanation for the above finding. As expected,
DM given PTS and PTS given DM conditional probabilities were high for membership in resilient trajectories,
92.2% for DM given PTS and 83% for PTS given DM.
While there was a very high conditional probability of
90.4% for membership in a PTS chronic trajectory given
DM, there was only a 31.9% probability of membership
in the chronic trajectory for DM given PTS. Further,
there was a 73.2% conditional probability of membership
in a recovery or resilient (T4/T5) DM trajectory if one
belonged to a chronic or worsening (T1/T3) PTS trajectory (i.e. a 22.5% probability among those following a
chronic PTS trajectory only). This was unexpected.
Relationships between mental health and PI

It was predicted that persistent PI will be strongly associated with chronic/worsening mental health trajectories.
By contrast, the joint probability analysis showed an
asymmetrical association, that is, the largest group
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Table 2 Proportions of individuals with elevated symptoms of depressive mood (DM) and post-traumatic stress (PTS), and
proportions with any perceived pain interference (PI) at baseline, 6 months and 12 months

Baseline (n = 2019)

Elevated DM
(DASS depression score > = 5/21 or > = 10/42)

Elevated PTS
(IESR total meanscore > = 4.5)

Elevated DM and/or PTS

Any PI

N (%)

N (%)

N (%)

N (%)

590 (29.3)

678 (33.9)

833/ 2006 (41.5%)

1667 (82.7)

6 months (n = 1484)

362 (24.4)

309 (20.9)

453/ 1477 (30.7%)

735 (49.5)

12 months (n = 1201)

240 (20.2)

207 (17.5)

293/ 1183 (24.8%)

502 (41.8)

consisted of people who were members of the chronic
(T1) PI and the resilient (T5) DM (32.5% of the sample)
or recovery/resilient (T4/T5) DM (41% of the sample).
This was also confirmed by the conditional probability
analysis of DM given PI showing the majority (69.8%) of
participants in the chronic (T1) PI trajectory were in a
recovery/resilient (T4/T5) DM trajectory. Similarly, the
conditional probability analysis of PI given DM showed
that if one was a member of the resilient (T5) DM trajectory, they had a 48.1% probability of being in a
chronic PI trajectory (T1). In contrast, for PI given DM,
there was a very high probability of being in a chronic PI
trajectory (T1) if in a chronic (T1) or moderate-chronic
(T2) or worsening (T3) DM trajectory (92.8% or 91.8%
or 83.5% respectively). Finally, for DM given PI, there
was a very high probability of being in the resilient (T5)

DM trajectory if one was in the resilient (T3) or recovery
(T2) PI trajectory (89.3% or 82.6% respectively). Analogous asymmetric associations were found between PTS
and PI (see Additional file 4).

Discussion
This study is the first of its kind to use a person-centred
analysis to examine comorbidity patterns of prevalent
mental health symptoms following minor-to-moderate
traffic injuries and exploring relationships between mental health and interference of chronic pain on individual’s functioning over time in a large prospective cohort
of road crash survivors.
These results strongly confirm that people sustaining
minor-to-moderate traffic injury face high risks of mental distress and pain-related interference with various

Fig. 1 Trajectories of Depressive Mood (DM), based on the Depression Anxiety Stress Scale (DASS) depression subscale. Trajectory 1 (T1): Chronic;
Trajectory 2 (T2): Moderate-Chronic; Trajectory 3 (T3): Worsening; Trajectory 4 (T4): Recovery; Trajectory 5 (T5): Resilient
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Fig. 2 Trajectories of Post-traumatic stress (PTS), based on the Impact of Events Scale Revised (IES-R). Trajectory 1 (T1): Chronic; Trajectory 2 (T2):
Recovery; Trajectory 3 (T3): Worsening; Trajectory 4 (T4): Resilient

Fig. 3 Trajectories of Pain interference (PI), based on the presence of any pain interference (SF-12). Trajectory 1 (T1): Chronic; Trajectory 2 (T2):
Recovery; Trajectory 3 (T3): Resilient
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Table 3 Joint and conditional probabilities between depressive mood (DM) and post-traumatic stress (PTS) trajectories, and
between depressive mood (DM) trajectories and pain interference (PI) trajectories
DM trajectories
Chronic (Trajectory
1)

Moderate-Chronic (Trajectory Worsening (Trajectory
2)
3)

Recovery (Trajectory
4)

Resilient (Trajectory
5)

3.8

4.4

1.1

2.2

0.5

Worsening (Trajectory 0.2
3)

0.9

2.7

0.7

3.2

Recovery (Trajectory
2)

0.1

2.0

2.4

7.0

7.8

Resilient (Trajectory 4) 0.0

0.2

2.1

2.4

56.2

Joint probability of DM and PTS
PTS trajectories
Chronic (Trajectory 1)

Conditional probability of DM given PTS/ of PTS given DM (in bold)
PTS trajectories
Chronic (Trajectory 1)

36.6/ 58.5

8.9/ 12.9

18.7/ 18.0

3.8/ 0.7

Worsening (Trajectory 3.2/ 6.0
3)

31.9/ 90.4

11.7/ 12.2

34.4/ 32.5

9.1/ 5.7

41.6/ 4.8

Recovery (Trajectory
2)

10.2/ 26.5

12.6/ 29.4

36.2/ 56.6

40.2/11.5

0.3/ 2.7

3.4/ 25.1

4.0/ 19.7

92.2/ 83.0

0.8/ 3.6

Resilient (Trajectory 4) 0.0/ 0.0
Joint probability of DM and PI
PI trajectories
Chronic (Trajectory 1)

3.9

6.8

6.9

8.5

32.5

Recovery (Trajectory
2)

0.1

0.3

0.9

3.2

21.6

Resilient (Trajectory 3) 0.2

0.2

0.5

0.7

13.5

Conditional probability of DM given PI/ of PI given DM (in bold)
PI trajectories
Chronic (Trajectory 1)

6.7/ 92.8

11.7/ 91.8

11.8/ 83.5

14.4/ 68.4

55.4/ 48.1

Recovery (Trajectory
2)

0.1/ 1.2

1.4/ 4.8

3.5/ 11.0

12.4/ 26.2

82.6/ 32.0

Resilient (Trajectory 3) 1.6/ 6.0

1.7/ 3.4

3.0/ 5.5

4.4/ 5.3

89.3/ 19.9

Note: Probabilities are expressed in %. Figures in bold pertain to conditional probabilities of PTS given DM and conditional probability of PI given DM, respectively
Joint probabilities are based on modelling estimations so the total probability does not add exactly to 100%
Conditional probabilities are based on modelling estimations. For DM given PTS, the rows add to approximately 100%, while for PTS given DM, columns add to
approximately 100%. This is also the case for the conditional probabilities for DM and PI
Probabilities for the association between PTS and PI trajectories are provided as supplementary material given they were similar to the probabilities for DM and
PI trajectories

activities of daily living. After 4 weeks post-injury, over
80% reported their pain interfered with daily functioning, over 30% had clinically elevated PTS symptoms and
almost 30% had clinically elevated DM, reflecting a high
probability of meeting diagnostic criteria for PTSD and
MDD disorders respectively [21]. As expected, these
rates reduced with time, however, at 12 months postinjury over 40% continued to report that pain was limiting their daily functioning and many still reported elevated depressive mood and/or post-traumatic stress
symptoms (i.e. 17.5% PTS and 20% DM). These findings
are in line with 12-month rates of mental disorders

(30%) found in the two largest injury studies, each study
including over 1000 traffic crash survivors [14, 20].
Trajectories of DM and PTS, and predictors

Galatzer-Levy et al. (2018) identified, based on the results of 54 independent studies, what they called prototypical resilience trajectories following a trauma: stable
low distress or resilience, chronically high distress, worsening distress and reducing distress or recovery [25].
Our trajectory findings confirmed these four prototypical trajectories in the DM and PTS patterns of response
to a traffic injury (hypothesis 1 confirmed) and
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strengthen the conclusion that the majority of individuals follow a resilient mental health trajectory [26, 29].
As found in previous research [29], shared psychological predictors were found for DM and PTS nonresilient trajectories (hypothesis 4 confirmed) that could
be readily assessed and addressed in psychiatric/psychological clinical contexts as soon as possible after the injury (i.e. ideally within 1 or 2 months post-injury). The
presence of shared predictors supports the assumption
of a shared vulnerability [9] and strong interrelations between these conditions following a traffic injury. For instance, catastrophizing styles of thinking is generally
related to increased risk of MDD and PTSD [6] and was
also found to be a shared predictor of chronic/worsening
DM/PTS trajectory membership. The presence of elevated DM and PTS symptoms within 4 weeks of the injury was a strong predictor of poor mental health at 12
months, and should alert clinicians to the need of early
intervention [5]. Additionally, dissatisfaction with one’s
social life also predicted poor outcomes, reinforcing the
importance of social support/engagement as a buffer
against poor mental health, especially in people injured
and likely to have disability that may become a mobility
barrier. Among biological predictors, poorer pre-injury
health raises a red flag for risk of elevated DM, while increased pain intensity predicted a high risk of PTS
symptoms, underlining the need for integrated pathways
of care for injured people with mental health problems if
they also have comorbid chronic pain or pre-existing
medical conditions [10].
These findings indicate mental health vulnerability and
resilience following traffic injury are better interpreted
‘in terms of interactions between biological, emotional,
cognitive, behavioural and environmental factors’ [59].
Within this framework, mental distress symptoms and
negative thinking associated with a physical injury and
pain are shared factors that may help identify less resilient individuals [9, 60, 61].
Comorbidity patterns between DM and PTS

Previous research on mental health impacts of trauma
revealed that PTSD and MDD highly co-occur over time
[5, 29–31]. In support, our dual trajectory joint and conditional analyses of the relationships between DM and
PTS revealed that recovery/resilient DM trajectories
were strongly associated with recovery/resilient PTS trajectories following traffic injury, meaning that resilient
individuals are likely to be resilient for both symptoms.
Interestingly, relationships between chronic PTS and
DM trajectories were more complex. There was a very
high conditional probability (90.4%) of having severe
PTS symptoms if one had severe depressive mood,
though this was not the case for the reverse. There was
a much lower probability (31.9%) of having severe
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depressive mood symptoms if one had severe PTS symptoms. Based on these findings, hypothesis 2 was only
partially confirmed.
These results challenge the notion that the risk of developing chronic MDD and PTSD symptoms is symmetrical (i.e. if you have PTSD you will have MDD and vice
versa). However, directions of this association cannot be
clearly explained by these data. On one hand, our findings of persistent PTS in almost all those with persistent
DM could support previous studies that showed that
suffering PTSD increases risk for other chronic mental
health disorders [5, 30], as well as confirming the existence of comorbid PTSD/depression following traffic injury [29]. But, it could equally support the hypothesis of
pre-existing [62] or first-onset elevated MDD after the
injury increasing susceptibility for chronic PTSD [31].
On the other hand, these data show that people can
follow a favourable trajectory for DM even with persistently elevated PTS (i.e. those with persistent PTS
have a 73.2% probability of following a recovery or
resilient DM trajectory). This could suggest that after
a traffic injury PTS can also occur in isolation or in
association with milder forms of depression having a
favourable course independently of PTS, as observed
by previous findings [29].
All in all, these results, in addition to shared predictive
factors supporting shared vulnerability, confirm a robust,
possibly asymmetric, association between PTS and DM
symptoms following a traffic injury. Possible interpretations of PTS/DM comorbidity may be that a unique distress construct exists following trauma [19, 29], or
perhaps that PTS/DM co-occurrence constitutes a distinct trauma-related phenotype, with specific biological
correlates and poorer prognosis than a single disorder
[63]. Undeniably, comorbidity cases would benefit from
early identification and flexible classification systems and
treatment options targeting depressive mood and traumatic distress, [22, 63] preferably as early after the injury
as possible. Treatment should also be offered at least up
to 12 months post-injury, as our findings suggest that a
person may, for instance, be recovering in terms of their
depressive mood, but be deteriorating in terms of PTS
symptoms. The reverse situation seems less likely based
on our findings.
Relationships between mental health and pain
interference (PI)

Given the recognised interactive influence between mental health symptoms and pain on recovery from injury
[2], it was a concern that there was almost a 60% probability of membership in a trajectory that reported interference in functioning due to pain. Unexpectedly, the
dual trajectory modelling findings indicate asymmetrical
relationships between pain interference and mental
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health (both DM and PTS) following a traffic injury (hypothesis 3 was not confirmed). That is, the largest part
of the sample (41%) had ongoing PI but good psychological functioning (joint probability). Similarly, almost
70% of those in a chronic PI trajectory were members in
the recovery or resilient DM/PTS trajectory and nearly
50% of psychologically resilient survivors had ongoing
pain interference (conditional probabilities). These findings demonstrate that people can function well even
with the presence of chronic pain, and that other factors
may be associated with the persistence of PI following
injury other than mental health. In contrast, those in a
non-resilient DM/PTS trajectory (i.e. chronic, moderatechronic and worsening), although being a minority of
the sample, were very likely to also follow a chronic PI
trajectory, indicating that persisting mental health issues
in vulnerable subgroups are associated with increased
risk of persistent PI [2, 24, 36]. Instead, those in a resilient PI trajectory were likely to also follow a resilient
DM/PTS trajectory. Overall, these findings reveal a high
risk of interference of chronic pain with daily functioning for those with chronic mental health symptoms after
traffic injury, but not vice versa, reiterating how important it is to address comorbid mental health symptoms
early, to reduce long-term risk of prolonged PI in these
vulnerable groups.
Limitations

Although the large sample size, the multisite approach,
thus increased patient heterogeneity, the inception cohort design and the use of validated questionnaires are
strengths of this study, there are limitations requiring
discussion. These include the loss to follow-up, especially at 12 months, the availability of only single items
to measures some of the constructs such as pain interference, the presence of unmeasured bias (for instance
unmeasured psychological factors), the lack of detailed
information on pre-injury mental health morbidity and
psychological/psychiatric interventions or any other interventions received during the duration of the study.
Also, a standard classification for injury severity (e.g.
ISS, AIS, MAIS) was not included in this study, but
proxies were used (e.g. time in hospital). Further, while
it is accepted that the influence of injury compensation
on recovery is an important but complex issue that will
influence study findings [61], this was beyond the focus
of the present paper, and will be addressed in future
analyses. Finally, interrelations between distinct but possibly related symptoms, such as DM and PTS, should be
interpreted with caution, as these findings do not offer
information on direction, causation or level of dependence of constructs.
Future research should investigate temporal dynamics
(e.g. to disentangle contemporaneous change or
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causality) of the prevalent traffic injury consequences, as
well as explore strategies to reduce loss to follow-up, improve the validity of long-term outcomes, improve reproducibility of trajectories and thus generalize results
to a wider community of adults with traffic-related injury and other trauma/injury populations. Additional
work is also required to clarify any differences in psychological adjustment and comorbidity over time between people with severe [64] and non-severe injuries
due to a traffic crash.

Conclusions
Most injured people (over 60%) showed high psychological
resilience following a minor-to-moderate traffic injury, but
the same proportion of individuals still suffered persistent
interference of pain in daily functioning of any level 12
months post-injury. Chronic mental health problems occurred in vulnerable groups, with persistent depression being
more strongly associated with persistent PTS than vice versa.
While those in a chronic PI trajectory generally showed
adaptive psychological functioning, those following a nonresilient mental health trajectory, although a minority,
showed a very high risk of chronic PI. Predictors of nonresilient mental health trajectory membership were biopsychosocial factors, with shared factors being acute elevated
psychological symptoms (i.e. within a month post-injury)
and catastrophizing thinking styles. Addressing these factors
will assist in the identification of less resilient individuals and
are readily modifiable in a psychiatric/clinical psychology
context. Overall, by confirming mental health comorbidity
and strong asymmetric relationships with PI, our findings
strengthen the need for early person-centred interventions
and integrated management of these patients to reduce untreated conditions following traffic injury. Interventions are
best individually tailored to vulnerable subgroups exhibiting
co-occurring problems, targeting early psychological reactions to trauma and cognitive thinking styles (i.e. catastrophizing), and more comprehensively, addressing the biopsychosocial context that influences resiliency and recovery
from adversity.
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