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Abstract: This study aimed to investigate factors associated with the symptoms of mental disorders
following a road traffic crash (RTC). A prospective cohort of 200 people was followed for 6 months
after experiencing an RTC. The cohort was comprised of uninjured survivors and injured victims
with all levels of road traffic injury (RTI) severity. Multivariable logistic regression analyses were
performed to evaluate the associations between the symptoms of depression, posttraumatic stress
disorder and anxiety one and six months after the RTC, along with sociodemographic factors, health
status before and after the RTC, factors related to the RTI and factors related to the RTC. The
results showed associations of depression, anxiety, and posttraumatic stress disorder symptoms
with sociodemographic factors, factors related to the health status before and after the RTC and
factors related to the RTC. Factors related to the RTI showed associations only with depression
and posttraumatic stress disorder symptoms. Identifying factors associated with mental disorders
following an RTC is essential for establishing screening of vulnerable individuals at risk of poor
mental health outcomes after an RTC. All RTC survivors, regardless of their RTI status, should be
screened for factors associated with mental disorders in order to successfully prevent them.

Keywords: anxiety; depression; injury; injury severity; posttraumatic stress disorder; road traffic
crash; Croatia

1. Introduction

Although the World Health Organization (WHO) considers road traffic crashes (RTCs)
to be preventable, nearly 3700 people die in RTCs worldwide every day [1], and for every
death there are at least 20 people that sustain non-fatal injuries [2]. In the Republic of
Croatia, there were 9695 RTCs with reported casualties in 2019, where 297 people died and
12,885 were injured [3].

Since RTCs are one of the leading causes of premature death in the world, the United
Nations General Assembly proclaimed “The decade of action for road safety 2011-2020”
aiming to save lives by ensuring road safety, vehicle safety, improving road-user behavior
and post-crash response [4]. Nevertheless, RTCs are still the leading cause of death for
children and young adults [1], while road traffic crash (RTC) survivors suffer a wide
range of consequences, e.g., functional impairments, cognitive dysfunctions, psychological
suffering and poor quality of life [5].

A significant proportion of RTC victims develop psychological disorders [6-21], most
commonly posttraumatic stress disorder (PTSD), depressive disorder, driving phobia and
other anxiety disorders [22,23]. A recent meta-analysis determined a pooled prevalence of
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PTSD following an RTC of 22.3%, with disparities among studies due to measuring instru-
ments, country, gender, race and education level [18]. Prevalence of depressive disorder
following a RTC ranges from 7.8% to 63% [8,10,11,13,14,16,17,21,24,25], while prevalence of
anxiety disorder ranges from 19.4% to 60% [11,24]. Consistent predictors of PTSD following
an RTC are lack of social support, perceived threat to life, fatal outcomes in the RTC, acute
stress disorder, previous physical and emotional problems and compensation claim [26],
while influence of road traffic injury (RTI) severity on PTSD showed contradicting results
demanding more research [5,26]. Predictive factors determined for depression and anx-
iety following an RTC are perceived life-threat [27], poor pre-RTC health status, female
gender [28], and RTI severity [29], but literature data are not as abundant as for PTSD.

A recent meta-analysis concluded that psychological stress following an RTC is sig-
nificant, but it was not clear whether it was caused by RTI or traumatic event itself, and
suggested future research including uninjured controls [19]. So far, there have been no
prospective studies of RTC outcomes that included uninjured RTC survivors. Prospective
studies of RTC victims and mental health outcomes or its predictors have never been
conducted in the Croatian population. Therefore, the aim of this study was to prospectively
follow RTC survivors that had recently experienced an RTC with or without RTT in order to
determine mental health outcomes and its predictors in this population. Different patterns
of mental health outcomes may serve as guidelines for designing institutional response to
this matter.

2. Materials and Methods

A prospective cohort was followed between December 2016 and September 2017.
The research was conducted at the Institute of emergency medicine of Vukovar-Srijem
County in Croatia and it was approved by the Ethics Committee of the Faculty of Medicine
Osijek, Croatia (Ethical Approval Code: 2158-61-07-17-211). A cohort of 200 RTC survivors
was followed during six months after experiencing an RTC. Participants gave informed
consent for participation in the study. Inclusion criteria were recent RTC experience and
>18 years of age. Exclusion criteria were minor age and cognitive and mental health
problems resulting in inability to give consent and provide necessary information. At one
month and six months after an RTC, the participants gave information regarding their
psychological and physical health status, socioeconomic status, compensation status, RTC
characteristics, road traffic injuries (RTIs) and pre-RTC health status. Cohort recruitment is
presented in Figure 1.

Sociodemographic characteristics explored were age, sex, place of residence, education
level, employment status, marital status, self-perceived economic status and religiousness.
Pre-RTC health status included smoking habit, alcohol consumption, psychoactive sub-
stance use, body weight and height, presence of chronic physical and psychiatric diseases,
medication use, previous traumatic or RTC experience and permanent pain. RTC charac-
teristics included road user type, total number of crashed vehicles, total number of (RTIs)
and road traffic fatalities (RTFs), unconsciousness in the RTC, post-RTC amnesia, fault for
perpetrating the RTC, compensation claim and obtained compensation. RTT characteristics
explored were injury status, injury severity, self-perceived life-threat, pain after the RTI,
hospitalization and duration of hospitalization, surgical treatment, and rehabilitation after
the RTC. Post-RTC health status explored whether there was another traumatic event
or RTC in the follow-up period, new chronic diseases, sick leave duration, work status,
invalidity, retirement due to RTC, driving phobia, permanent pain after the RTC, location
and frequency of pain, pain management, medication use, smoking, alcohol and psy-
choactive substance consumption, subjective feeling of recovery and perception of general
health. Body mass index (BMI) was calculated from self-reported body height and weight
according to WHO [30]. Presence of PTSD symptoms was assessed using the PTSD Check
List—Civilian Version (PCL-C) [31]. Depression symptoms were assessed using a Beck
Depression Inventory—version I (BDI) [32] and anxiety symptoms were assessed using a
Beck Anxiety Inventory (BAI) [33]. Abbreviated Injury Scale [34] and New Injury Severity
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Scale [35] were used to assess RTA injury severity. NISS classifies multiple injuries as mild,
moderate, serious, severe and critical. Critical, severe, and serious injuries were analyzed
as one category.

RTA survivors
n =665 (100%)
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o assistance assistance
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Figure 1. Participant recruitment process.

The normality of data distributions was checked by the Kolmogorov—Smirnov test.
Descriptive statistics were used to describe the socio-demographic characteristics of study
participants and RTC details, as well as the characteristics of the participants and their
mental health outcomes 1 month and 6 months following an RTC. Multiple logistic regres-
sion was used to explore factors associated with depression, anxiety, and PTSD symptoms
1 month and 6 months following an RTC, i.e., six prognostic models were proposed. The
associations between explored risk factors and mentioned mental health outcomes of RTC
in each model were presented as odds ratios (ORs) with a 95% confidence intervals and
p-values. To make models reliable and select the factors that have an impact on the output,
backward elimination was used with a selection criterion of 0.157 because such selection
criterion is emphasized as the most appropriate for prognostic models [36]. Data analysis
was performed by SPSS statistical software package version 22.0 (SPSS Inc., Chicago, IL,
USA). The statistical significance level was set at p < 0.05.

3. Results
3.1. Characteristics of the Cohort

The cohort comprised 200 participants with median age of 42.5 years (interquartile
range 28.3-56.0) and 54% were males. There were 48.5% of participants in the younger
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age group (18 to 41 years) and 51.5% of participants in the older age group (over 41 years).
Urban residence was reported by 43.5% and rural residence was reported by 56.5% of
the participants. Primary education was reported by 19.0%, secondary education was
reported by 62.5% and university education was reported by 18.5% of the participants.
Unemployment was reported by 26.0% of the participants, while 58.0% were employed
and 16.0% were retired. Being single was reported by 35.5% of the participants, while 64.5%
were in a relationship. Under average self-perceived economic status was reported by 20.0%
of the participants, while 58.0% reported average and 22.0% reported above average self-
perceived economic status. Religious believes was reported by 90.5% of the participants.
According to BMI, 3.5% of the participants were underweight, 37.0% had normal weight,
38.5% were overweight and 21.0% were obese. Smoking habit was reported by 35.5% of the
participants, while alcohol consumption was reported by 50.5% of the participants. Only
3.5% of the participants reported psychoactive substance use. Medication use was reported
by 51.0% of the participants. Psychiatric medications were used by 3.5%, non-psychiatric
medications were used by 39.0%, and both types of medications were used by 8.5% of the
participants. RTC experience in the past was reported by 42.0% of the participants, while
52.0% reported previous traumatic experience. Previously, diagnosed PTSD was reported
by 3.5% of the participants, previous chronic illness was reported by 42.0% and previous
psychiatric illness was reported by 11.0% of the participants. Permanent pain before the
RTC was reported by 9.5% of the participants. The non-participants were of similar age,
sex and primary injury characteristics as the participants.
RTC details of the participants are presented in Table 1.

Table 1. RTC details of the participants.

Characteristics N %
Road user type
Driver of a motor vehicle 122 61.0
Co-driver/passenger 61 30.5
Cyclist/pedestrian 17 8.5
Total number of motor vehicles in
the RTC

0 1 0.5
1 92 46.0
<1 107 53.5

Total number of injured people

0 29 14.5
1 84 42.0
2 to 3 people 72 36.0

4 and more 15 7.5

RTFs

No 195 97.5

Yes 5 2.5

Fault for perpetrating the RTC
No 123 61.5
Yes 70 35.0
Unestablished 7 3.5
Compensation claim

No 113 56.5
Yes 87 435

Obtained compensation
No 180 90.0
Yes 20 10.0
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3.2. One-Month Follow-Up

Post-RTC characteristics of the participants one month following an RTC are presented
in Table 2.

Table 2. Characteristics of the participants 1 month following an RTC.

Characteristics N %
Number of RTIs
None 31 15.5
One 45 22.5
Multiple 124 62.0
Location of the RTI

None 31 15.5
Head 18 9.0
Face 2 1.0
Neck 8 4.0
Chest 8 4.0
Abdomen 1 0.5
Spine 3 1.5
Hands 3 15
Legs 10 5.0
Multiple 116 58.0

Primary RTI
None 31 15.5
Head 58 29.0
Neck 37 18.5
Chest 19 9.5
Abdomen 12 6.0
Hands 17 8.5
Legs 26 13.0

RTI severity
None 31 15.5
Mild 96 48.0
Moderate 36 18.0
Serious 28 14.0
Severe 6 3.0
Critical 3 1.5

Self-perceived life-threat in the RTC
No 108 54.0
Yes 92 46.0
Unconsciousness from the RTC
No 168 84.0
Yes 32 16.0
Amnesia following the RTC
No 172 86.0
Yes 28 14.0
Days with post-RTC amnesia
No amnesia 172 86.0
1to9 7 35
10 to 30 4 2.0
<30 17 8.5
Hospitalization

No 136 68.0

Yes 64 32.0
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Table 2. Cont.

Characteristics N %

Duration of hospitalization

None 136 68.0
1to3 27 13.5
41010 19 9.5
<10 18 9.0
Surgery
No 180 90.0
Yes 20 10.0
Rehabilitation treatment
No 154 77.0
Yes 46 23.0
Location of the pain
No pain 47 23.5
Head 11 5.5
Face 1 0.5
Neck 11 5.5
Spine 5 2.5
Chest 10 5.0
Abdomen 1 0.5
Upper extremities 12 6.0
Lower extremities 12 6.0
Multiple locations 90 45.0
Pain frequency
Never 47 23.5
Circumstantial 35 17.5
Occasional 62 31.0
Permanent 56 28.0

Mental health outcomes were assessed one month after the RTC experience. Symp-
toms of PTSD were reported by 35.5%, depression symptoms were reported by 20.0% and
anxiety symptoms were reported by 12.0% of the participants. Comorbidity of investigated
mental health outcomes was present in 22.5% of the RTC survivors: 2.5% had symptoms of
both anxiety and depression, 15.5% reported symptoms of depression and PTSD, while
3% reported symptoms of anxiety and PTSD. Symptoms of all three investigated psycho-
logical disorders were reported by 1.5% of the participants. Mental health outcomes of
RTC survivors one month following the RTC are presented in Table 3.

Table 3. Mental health outcomes at 1-month follow up.

Mental Health Outcomes N %
Symptoms of PTSD
No 129 64.5
Yes 71 35.5
Symptoms of depression
Normal mood 160 80.0
Mild mood disturbance 24 12.0
Borderline clinical depression 3 1.5
Moderate depression 11 5.5
Severe depression 2 1.0
Symptoms of anxiety
Low anxiety 191 95.5
Moderate anxiety 8 4.0

Severe anxiety 1 0.5
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The multivariable regression model for depression symptoms at 1-month follow-
up showed that depression symptoms were significantly more likely to be present in
irreligious participants (OR = 9.625, 95% CI = 2.419-38.297, p = 0.001), in those who
used medications before the RTC (OR = 0.249, 95% CI = 0.099-0.629, p = 0.003), and in
participants with self-perceived life-threat (OR = 0.255, 95% CI = 0.099-0.660, p = 0.005).
The model also showed that depression symptoms were significantly less likely to be
present in participants with mild RTI in comparison to those with critical, severe, or se-
rious RTI (OR = 0.160, 95% CI = 0.053-0.480, p = 0.001), in drivers in comparison to cy-
clists/pedestrians (OR = 0.156, 95% CI = 0.039-0.627, p = 0.009), and in co-drivers/passengers
in comparison to cyclists/pedestrians (OR = 0.175, 95% CI = 0.041-0.742, p = 0.018) (Table 4).
Finally, the model revealed that there were no statistically significant associations between
depression symptoms at 1-month follow-up and the age group of study participants,
their self-perceived economic status, existence of chronic disease before the RTC, type of
medications used before the RTC, existence of pain after the RTC, hospitalization due to
the RTC, duration of hospitalization due to the RTC, surgical treatment due to the RTC,
unconsciousness in the RTC and amnesia from the RTC.

Table 4. The multivariable regression model for depression symptoms at 1-month follow-up.

Variables OR OR 95% CI p
Religiousness
Yes Reference
No 9.625 2.419-38.297 0.001 **
Use of medications before RTC
Yes Reference
No 0.249 0.099-0.629 0.003 **
RTI severity
Serious, severe, or critical Reference
Moderate 0.393 0.117-1.326 0.132
Mild 0.160 0.053-0.480 0.001 **
None 0.535 0.124-2.316 0.403
Self-perceived life-threat
Yes Reference
No 0.255 0.099-0.660 0.005 **
Road user type
Cyclist/pedestrian Reference
Co-driver/passenger 0.175 0.041-0.742 0.018 *
Driver of a motor vehicle 0.156 0.039-0.627 0.009 **

OR—odds ratio, 95% CI—95% confidence interval, * p < 0.05, ** p < 0.01.

The multivariable regression model for anxiety symptoms at 1-month follow-up
showed that anxiety symptoms were significantly less likely to be present in males
(OR = 0.065, 95% CI = 0.006-0.682, p = 0.023), in participants who did not use psychoac-
tive substances before the RTC (OR = 0.001, 95% CI = 0.000-0.097, p = 0.002), in those
who did not have psychiatric disease before the RTC (OR = 0.086, 95% CI = 0.011-0.644,
p = 0.017) and those who did not suffer from permanent pain before the RTC (OR = 0.035,
95% CI = 0.005-0.247, p = 0.001) (Table 5). The model also revealed that there were no
statistically significant associations between anxiety symptoms at 1-month follow-up and
existence of chronic disease before the RTC, type of medications used before the RTC,
self-perceived life-threat, existence of pain after the RTC, rehabilitation due to the RTC and
road user type.

The multivariable regression model for PTSD symptoms at 1-month follow-up showed
that PTSD symptoms were significantly more likely to be present in participants without
past experience of the RTC (OR = 2.453, 95% CI = 1.107-5.435, p = 0.027), in those who
were not hospitalized after the RTC (OR = 5.697, 95% CI = 1.240-26.173, p = 0.025) and in
participants hospitalized from 4 to 10 days in comparison to those who were hospitalized
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for 11 or more days (OR = 7.647, 95% CI = 1.519-38.510, p = 0.014). The model also
showed that PTSD symptoms were significantly less likely to be present in participants
without psychiatric disease before the RTC (OR = 0.201, 95% CI = 0.063-0.641, p = 0.007), in
participants who did not use medications before the RTC (OR = 0.436, 95% CI = 0.203-0.935,
p = 0.033), in participants who did not sustain the RTI (OR = 0.049, 95% CI = 0.008-0.288,
p = 0.001), in participants with mild RTI in comparison to those with serious, severe or
critical RTT (OR = 0.152, 95% CI = 0.046-0.504, p = 0.002), in participants without self-
perceived life-threat (OR = 0.297, 95% CI = 0.140-0.631, p = 0.002) and in those who had
not claimed compensation after the RTC (OR = 0.355, 95% CI = 0.165-0.763, p = 0.008)
(Table 6). Finally, the model revealed that there were no statistically significant associations
between PTSD symptoms at 1-month follow-up and participants’ sex, employment status,
self-perceived economic status, alcohol consumption before the RTC, existence of chronic
disease before the RTC, type of medications used before the RTC, existence of pain after
the RTC, and rehabilitation due to the RTC.

Table 5. The multivariable regression model for anxiety symptoms at 1-month follow-up.

Variables OR OR 95% CI p

Sex

Female Reference

Male 0.065 0.006-0.682 0.023 *
Use of psychoactive substances before the RTC
Yes Reference
No 0.001 0.000-0.097 0.002 **
Psychiatric disease before the RTC
Yes Reference
No 0.086 0.011-0.644 0.017 *
Permanent pain before the RTC
Yes Reference
No 0.035 0.005-0.247 0.001 **
Self-perceived life-threat

Yes Reference
No 0.107 0.011-1.078 0.058

OR—odds ratio, 95% CI—95% confidence interval, * p < 0.05, ** p < 0.01.

Table 6. The multivariable regression model for PTSD symptoms at 1-month follow-up.

Variables OR OR 95% CI P
Sex
Female Reference
Male 0.850 0.397-1.821 0.676
Past experience of the RTC
Yes Reference
No 2.453 1.107-5.435 0.027 *
Psychiatric disease before the RTC
Yes Reference
No 0.201 0.063-0.641 0.007 **
Use of medications before the RTC
Yes Reference
No 0.436 0.203-0.935 0.033 *
RTI
Yes Reference

No 0.049 0.008-0.288 0.001 **
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Table 6. Cont.

Variables OR OR 95% CI p
RTI severity
Serious, severe, or critical Reference
Moderate 0417 0.129-1.343 0.143
Mild 0.152 0.046-0.504 0.002 **
Self-perceived life-threat
Yes Reference
No 0.297 0.140-0.631 0.002 **
Hospitalization after the RTC
Yes Reference
No 5.697 1.240-26.173 0.025 *
Duration of hospitalization
11 or more days Reference
4 to 10 days 7.647 1.519-38.510 0.014*
1 to 3 days 2.823 0.600-13.277 0.189
Compensation claim
Yes Reference
No 0.355 0.165-0.763 0.008 **

OR—odds ratio, 95% CI—95% confidence interval, * p < 0.05, ** p < 0.01.

3.3. Six-Month Follow-Up

Post-RTC characteristics of RTC survivors six months following the RTC are presented
in Table 7.

Table 7. Characteristics of the participants at 6-month follow-up.

Characteristics N %
Repeated RTC

No 191 95.5

Yes 9 4.5

Another traumatic experience
No 178 89.0
Yes 22 11.0
New chronic disease

No 188 94.0

Yes 12 6.0

Type of new chronic disease

None 188 94.0
Hypertension 1 0.5
Cardiac disease 1 0.5

Lung disease 1 0.5
Carcinoma 1 0.5
Psychiatric disease 1 0.5
Other 7 3.5

Duration of sick leave following the RTC

No sick leave 100 50.0
<1 month 40 20.0
1-3 months 43 21.5

4-6 months 6 3.0

>6 months 11 55

Change of a job due to the RTC

No 194 97.0

Yes 6 3.0




Int. J. Environ. Res. Public Health 2021, 18, 1564

10 of 19

Table 7. Cont.

Characteristics N %
Less working hours due to the RTC
No 198 99.0
Yes 2 1.0
Retirement due to the RTC
No 199 99.5
Yes 1 0.5
Invalidity due to the RTC
No 198 99.0
Yes 2 1.0
Driving phobia
No 181 90.5
Yes 19 9.5
Pain frequency following the RTC
Never 105 52.5
Circumstantial 40 20.0
Occasional 34 17.0
Permanent 21 10.5
Pain location following the RTC
No pain 105 52.5
Head 8 4.0
Face 1 0.5
Neck 6 3.0
Spine 7 3.5
Chest 4 2.0
Abdomen 1 0.5
Hands 13 6.5
Legs 13 6.5
Multiple body parts 42 21.0
Pain management
None 92 46.0
Medication 51 25.5
Rehabilitation treatment 12 6.0
Other 2 1.0
Combination of treatments 43 21.5
Permanent pain following the RTC
No 158 79.0
Yes 42 21.0
Level of permanent pain
No pain 158 79.0
1-3 14 7.0
4-6 13 6.5
7-10 15 75
Increase of pain level
No 133 66.5
Yes 67 33.5
Increase of medication use
No 149 74.5
Yes 51 255
Increase of alcohol consumption
No 197 98.5
Yes 3 15
Increase of smoking
No 193 96.5
Yes 7 3.5
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Table 7. Cont.

Characteristics N %

Increase of psychoactive substance use

No 199 99.5
Yes 1 0.5

Presence of any RTC consequence
No 107 53.5
Yes 93 46.5

Perception of health

Complete recovery 119 59.5
Partial recovery 53 26.5
Steady state 21 10.5
Exacerbation 7 3.5

Mental health outcomes 6 months following the RTC experience showed reduction
in the number of participants with the symptoms of psychological disorders. Symptoms
of PTSD were reported by 20.5% of RTC survivors. Depression symptoms were present
in 13.5% and anxiety symptoms were present in 3.5% of RTC victims. Comorbidity of
mental health disorders was present in 18.0% of the participants. Comorbid anxiety and
depression symptoms were present in 2.5%, PTSD and depression symptoms were present
in 11.0%, while PTSD and anxiety symptoms were present in 2.5% of the RTC survivors.
Symptoms of all three investigated mental disorders were present in 2% of the participants.
Mental health outcomes of RTC victims six months following the RTC are presented in
Table 8.

Table 8. Mental health outcomes at 6-month follow-up.

Mental Health Outcomes N %
PTSD symptoms

No 159 79.5

Yes 41 20.5

Depression

Normal mood 173 86.5

Mild mood disturbance 11 55

Borderline clinical depression 7 3.5

Moderate depression 8 4.0

Severe depression 1 0.5

Anxiety

Low anxiety 193 96.5

Moderate anxiety 6 3.0

Severe anxiety 1 0.5

The multivariable regression model for depression symptoms at 6-month follow-up
showed that depression symptoms were significantly less likely to be present in participants
who did not experience repeated RTC (OR = 0.020, 95% CI = 0.003-0.150, p < 0.001), in partic-
ipants who did not suffer permanent pain after the RTC (OR = 0.067, 95% CI = 0.010-0.436,
p = 0.005), in participants with permanent pain level after the RTC between 1 and 3 in
comparison to those with permanent pain level after the RTC between 7 and 10 (OR = 0.032,
95% CI = 0.002-0.543, p = 0.017), in participants who did not increase alcohol consump-
tion after the RTC (OR = 0.011, 95% CI = 0.000-0.327, p = 0.009), in participants who felt
completely recovered after the RTC in comparison to those who reported deterioration of
health status after the RTC (OR = 0.054, 95% CI = 0.004-0.731, p = 0.028) and in participants
who partially recovered after the RTC in comparison to those who reported deterioration
of health status after the RTC (OR = 0.020, 95% CI = 0.001-0.348, p = 0.007) (Table 9). Fi-
nally, the model revealed that there were no statistically significant associations between
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depression symptoms at 6-month follow-up and the age group of study participants, their
religiousness, existence of past traumatic experience (before the RTC), existence of chronic
disease before the RTC, existence of psychiatric disease before the RTC, use of medications
before the RTC, type of medications used before the RTC, RTI severity, self-perceived
life-threat, road user type, new chronic disease after the RTC, duration of sick-leave after
the RTC, existence of driving phobia after the RTC, another trauma after the RTC, presence
of pain after the RTC, increase in pain level after the RTC, increase in medication use after
the RTC and presence of any RTC consequence.

Table 9. The multivariable regression model for depression symptoms at 6-month follow-up.

Variables OR OR 95% CI p
Religiousness
Yes Reference
No 3.274 0.672-15.951 0.142
Chronic disease before the RTC
Yes Reference
No 0.229 0.038-1.375 0.107
Use of medications before the RTC
Yes Reference
No 0.182 0.019-1.713 0.136
Type of medications used before the RTC
Various chronic diseases therapy (including psychiatric therapy) Reference
Psychiatric therapy 2.554 0.130-50.248 0.537
Various chronic diseases therapy 0.205 0.031-1.350 0.099
Chronic disease after the RTC
Yes Reference
No 0.101 0.009-1.101 0.060
Repeated RTC
Yes Reference
No 0.020 0.003-0.150 <0.001 **
Permanent pain after the RTC
Yes Reference
No 0.067 0.010-0.436 0.005 **
Permanent pain level after the RTC
Level 7-10 Reference
Level 4-6 0.118 0.010-1.416 0.092
Level 1-3 0.032 0.002-0.543 0.017 *
Increase in alcohol consumption after the RTC
Yes Reference
No 0.011 0.000-0.327 0.009 **
Perception of health after the RTC
Deterioration Reference
Stable 1.474 0.135-16.058 0.750
Partial recovery 0.020 0.001-0.348 0.007 **
Complete recovery 0.054 0.004-0.731 0.028 *

OR—odds ratio, 95% CI—95% confidence interval, * p < 0.05, ** p < 0.01.

The multivariable regression model for anxiety symptoms at 6-month follow-up
showed that anxiety symptoms were significantly less likely to be present in a driver of
a motor vehicle in comparison to a cyclist/pedestrian (OR = 0.098, 95% CI = 0.011-0.874,
p = 0.037) and in participants who did not increase medication use after the RTC (OR = 0.140,
95% CI = 0.022-0.898, p = 0.038) (Table 10). The model also revealed that there were no
statistically significant associations between anxiety symptoms at 6-month follow-up and
the age group of study participants, their employment status, alcohol consumption before
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the RTC, existence of chronic disease before the RTC, existence of permanent pain before
the RTC, new chronic disease after the RTC, increase in pain level after the RTC, permanent
pain level after the RTC, and presence of any RTC consequence.

Table 10. The multivariable regression model for anxiety symptoms at 6-month follow-up.

Variables OR OR 95% CI P
Chronic disease before the RTC
Yes Reference
No 0.223 0.022-2.225 0.201
Road user type
Cyclist/pedestrian Reference
Co-driver/passenger 0.122 0.014-1.033 0.054
Driver of a motor vehicle 0.098 0.011-0.874 0.037 *
New chronic disease after the RTC
Yes Reference
No 0.166 0.023-1.193 0.074
Increase in medication use after the RTC
Yes Reference
No 0.140 0.022-0.898 0.038 *

OR—odds ratio, 95% CI—95% confidence interval, * p < 0.05.

The multivariable regression model for PTSD symptoms at 6-month follow-up showed
that PTSD symptoms were significantly more likely to be present in participants who were
not religious (OR = 7.554, 95% CI = 2.059-27.721, p = 0.002). The model also showed
that PTSD symptoms were significantly less likely to be present in participants who did
not claim compensation (OR = 0.368, 95% CI = 0.142-0.951, p = 0.039), in a driver of a
motor vehicle in comparison to a cyclist/pedestrian (OR = 0.125, 95% CI = 0.030-0.512,
p = 0.004), in a co-driver/passenger in a motor vehicle in comparison to a cyclist/pedestrian
(OR =0.063, 95% CI = 0.013-0.313, p = 0.001), in participants who did not suffer permanent
pain after the RTC (OR = 0.189, 95% CI = 0.068-0.528, p = 0.001), and in participants who
did not increase medication use after the RTC (OR = 0.191, 95% CI = 0.071-0.513, p = 0.001)
(Table 11). Finally, the model revealed that there were no statistically significant associations
between PTSD symptoms at 6-month follow-up and the age group of study participants,
alcohol consumption before the RTC, past traumatic experience (before the RTC), existence
of PTSD before the RTC, existence of chronic disease before the RTC, existence of psychiatric
disease before the RTC, existence of permanent pain before the RTC, use of medications
before the RTC, type of medications used before the RTC, experience of RTI, RTI severity,
self-perceived life-threat, existence of pain after the RTC, surgery after the RTC, duration
of sick leave after the RTC, change of a job due to the RTC, driving phobia after the RTC,
presence of pain after the RTC, increase in pain level after the RTC, permanent pain level
after the RTC, increase in smoking after the RTC, presence of any RTC consequence, and
perception of health after the RTC.

Table 11. The multivariable regression model for PTSD symptoms at 6-month follow-up.

Variables OR OR 95% CI 4
Religiousness
Yes Reference
No 7.554 2.059-27.721 0.002 **
Psychiatric disease before the RTC
Yes Reference

No 0.312 0.080-1.206 0.091
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Table 11. Cont.

Variables OR OR 95% CI p
Use of medications before the RTC
Yes Reference
No 0.255 0.054-1.193 0.083
Type of medications used before the RTC
Various chronic diseases therapy (including psychiatric therapy) Reference
Psychiatric therapy 0.962 0.117-7.940 0.972
Various chronic diseases therapy 0.213 0.045-1.000 0.050
Compensation claim
Yes Reference
No 0.368 0.142-0.951 0.039 *
Road user type
Cyclist/pedestrian Reference
Co-driver/passenger 0.063 0.013-0.313 0.001 **
Driver of a motor vehicle 0.125 0.030-0.512 0.004 **
New chronic diseases after the RTC
Yes Reference
No 0.200 0.037-1.069 0.060
Permanent pain after the RTC
Yes Reference
No 0.189 0.068-0.528 0.001 **
Increase in medications use after the RTC
Yes Reference
No 0.191 0.071-0.513 0.001 **

OR—odds ratio, 95% CI—95% confidence interval, * p < 0.05, ** p < 0.01.

4. Discussion

The study prospectively followed uninjured RTC survivors and injured RTC victims
with all levels of injury severity for six months following the RTC, unlike other prospective
studies of RTC victims that only included injured RTC survivors. Outcomes on phys-
ical and psychological health were assessed one month and six months following the
RTC experience.

A full recovery after a six-month follow-up was reported by 59.5% of RTC survivors,
while other research has reported this for 46.7% of recovered RTC victims two years
following the RTC [37]. This study reported only 5.5% of RTC survivors on a sick leave for
longer than 6 months, while other studies have obtained higher rates of sick leave even
two years after an RTC [38]. Differences can be explained by different structure of injury
severity among participants of different studies since research showed association between
the recovery after an RTC and injury severity [5].

Pain frequency decreased in the RTC survivors during the follow-up, but even after
six months, 21.0% of RTC victims suffered permanent pain, as opposed to 9.5% of the
participants that suffered permanent pain before the RTC. Study results showed that one
in five RTC survivors suffered chronic pain, which is a significant number of people that
experience an RTC every year. Public health importance of persistent pain in development
of disability and mental disorders, such as depression and PTSD, is well established [39].

One month following an RTC, 40.5% of the participants suffered symptoms of an
investigated psychological disorder, while six months after an RTC, 23.5% of all RTC
survivors reported symptoms of an investigated mental health disorder. Other studies
found one half of RTC victims to be suffering from mental disorders 12 to 24 months after
an RTC [11,40]. It is considered that one in four RTC survivors suffer from psychological
consequences up to one year after the RTC [21,41].

The prospective cohort was characterized by a high prevalence of PTSD and depres-
sion symptoms and a low prevalence of anxiety symptoms during the research period.
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The obtained prevalence results were within the expected range, and are similar to other
studies of mental health outcomes in RTC survivors [5,7,9-18,21,25,26,40,42-45]. Comor-
bidity of mental health outcomes determined in this study has also been established in
other studies of RTC victims [8,11,13,15-17,25,40]. RTC survivors with comorbid mental
disorders should be the focus of attention, since research found comorbidity to be the
predictor of poorer mental health outcomes in the long term [11]. During the prospective
follow-up, 9.5% of RTC victims developed driving phobia, which is similar to other research
investigating fear of driving that developed in 9% of survivors of RTCs in Serbia [17].

The study showed an association between mental disorders and sociodemographic
factors, as well as health status in terms of the RTC, RTI and RTC characteristics. The
significance of certain factors changed during the follow-up period. Study results showed
that socioeconomic factors were not significantly associated with mental health outcomes
of RTCs. Other research into RTCs also showed that socioeconomic factors such as em-
ployment status or education level showed no association with depression or anxiety
symptoms [46,47]. Regression models for one-month follow-up found irreligiousness to
be a risk factor for depression symptoms, while at six-month follow-up, irreligiousness
was determined to be a risk factor for PTSD symptoms, but not for depression symptoms.
Other studies of RTC survivors and RTC outcomes did not explore religiousness, but this
author’s preliminary studies showed similar results [47]. In general, religiousness is a
well-known factor influencing mental health [48,49].

Results showed that female sex was a risk factor for anxiety symptoms at one-month
follow-up. Although a few studies found no association between gender and mental health
of RTC victims [26,40,50], there are far more studies that have found an association between
female gender and mental health disorders in RTC survivors [9,13,15,17,18,28,44,47,51,52].

Health status before the RTC, including permanent pain before the RTC, previous
psychiatric disease, previous RTC experience, previous psychoactive substance use and
medication use, showed an association with mental health problems during the follow-up
period. Similar to other research, the study results showed that poor physical and mental
health before the RTC was a risk factor for developing psychological disorders after the
RTC experience [9,11,26,28,40,43,50,53].

Regression models found factors related to RTI, such as a sustaining a RTI, RTI severity,
self-perceived life-threat, hospitalization and its duration, to be associated with depres-
sion and PTSD symptoms, while symptoms of anxiety showed no significant association
with the RTI. Other studies also found RTI[5,9,17,20,21,40,45,47,54], hospitalization [17,47],
pain [9,13,47,55] and life-threat [8,20,27,47] to be associated with poor mental health out-
comes, such as PTSD and/or depression. Anxiety symptoms in RTC survivors unrelated
to RTI was also reported in earlier research [47].

Compensation claims were found to be associated with PTSD symptoms of RTC
victims. Compensation processes following RTC are a well-known predictor of PTSD in
the literature [9,26,56]. It is thought that the constant reminders of the RTC and traumatic
details during the compensation process have negative effects on RTC victims with PTSD
symptoms [26]. Others have found an association between PTSD and driving phobia, while
the regression model in this study found no association between these [57].

Regression models have shown that vulnerable road users, i.e., pedestrians and cy-
clists, had a higher risk of developing all of the investigated mental health disorders during
the prospective follow-up in comparison with motor-vehicle drivers and passengers/co-
drivers. Other research of RTC survivors from Europe and India that included several
road user types in the study also identified vulnerable road users as those being at risk of
psychological disorders after the RTC [21,45]. It is possible that this vulnerability to mental
disorders results from the RTI, since all pedestrians and cyclists in this study reported RTTs.

The study results found an association between symptoms of mental disorders and
post-RTC health status six months after the RTC. Regression models identified repeated
RTC, permanent pain following an RTC, level of permanent pain, increase of alcohol
and medication use and exacerbation of health status to be risk factors for mental health
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problems. Other research showed anxiety following the RTC to be negative prognostic
factor associated with permanent pain and disability [58]. High levels of pain have already
been associated with the development of chronic pain and mental and physical disability;
therefore, early management of pain and comorbidities such as PTSD, depression and
anxiety can reduce development of chronic pain and related disabilities [39].

Literature data has found an association between PTSD and depression in RTC vic-
tims [13,15,17,59]. This study determined factors associated with symptoms of PTSD and
depression to be similar and largely related to pre-RTC and post-RTC health status and RTL
This may serve as a direction for the future research and for a development of screenings
and interventions targeting RTC victims with risk factors. Screening might be set in health-
care facilities, such as trauma wards and rehabilitation centers, where injured RTC victims
would be easily reachable for screening [47]. Early interventions are important, since
research has shown that RTC survivors with PTSD have greater risk of developing other
mental disorders in the long term [11]. The study results showed that anxiety symptoms
following the RTC are associated with poor pre-RTC health status, and not with RTI, which
has also been established previously [47].

Recent systematic reviews of the most important factors of poor recovery following the
RTC included high levels of pain, duration and intensity of pain, physical and mental health
status before the RTC, PTSD, RTI severity and compensation procedure [39,60,61], which
is congruent with the results of this study. This study indicated some unexplored factors
that deserve more attention such as religiousness as a protective factor and medication use
as a negative prognostic factor. Preliminary research by this author also showed pre-RTC
medication use to be a significant factor associated with mental health outcomes of RTC
victims [47].

Strengths and Limitations

The limitations of this study included the use of self-reported data, rather than using
medical records for detecting pre-existing medical conditions. Participants represented
only 31.3% of all RTC survivors, mostly due to lack of contact information. The response
rate of 84.2% was high among those RTC victims who were contacted. Despite limitations,
the study has several strengths. The study was set up prospectively, and a high number of
variables were explored. To ensure systematic approach to RTI, uninjured RTC survivors
and injured RTC victims with all types of RTI severity were included in the study, unlike
some studies that have only included hospitalized RTC victims [10,12,14,21,45,56]. RTC
survivors were engaged outside compensation settings to avoid possible secondary gain of
the participants.

5. Conclusions

Consistent predictors of poor mental health outcomes in RTC survivors should be
the foundation for creating effective screening tools used to determine vulnerable RTC
survivors at risk of developing psychological consequences following the RTC. Such RTC
victims should be provided with psychological support and other interventions, such as
effective pain management to prevent development of mental disorders following the RTC.
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