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ABSTRACT (385 words)

Objective

The consequences of road crashes are various, and few studies have dealt with the
multidimensionality of outcomes. The aim of the present study was to assess the multidimensional
nature of outcomes one year after a crash and to determine predictive factors which could help in
adapting medical and social care to prevent such consequences to improve road-crash victims’
prognosis.

Methods

The study population was the 886 respondents to the one year follow-up from the ESPARR cohort,
aged 216 years; the analysis was carried out only on the 616 subjects who fully completed a self-
report questionnaire on health, social, emotional and financial status 1 year after a crash. Multiple
correspondence analysis and hierarchical clustering was implemented to produce homogeneous
groups according to differences in outcome. Groups were compared using the WHOQol-Bref (a
standard instrument of quality of life, assessing physical health, psychological health, social
relationships and environment) and the IIS (Injury Impairment Scale), a tool to predict road-crash
sequelae.

Baseline predictive factors for group attribution were analyzed by weighted multinomial logistic
regression models.

Results

370 of the 616 subjects (60.1%) were men. Mean age was 36.9 years (standard deviation=16.5).

Five victim groups were identified in terms of consequences at 1 year: one group (206 subjects,
33.4%) with few problems, one with essentially physical sequelae, one with problems that were
essentially both physical and social, and two groups with a wider range of problems (one including
psychological problems but fewer environmental problems, and the last one reported negative
physical, psychological, social and environmental impact; notably, all had PCS).

There were significant differences between groups in terms of family status, injury severity and certain
types of injury (thorax, spine, lower limbs).

Comparison on the WHOQol-Bref confirmed that groups reporting more adverse outcomes had a
lower quality of life. Description of the 5 groups by IIS indicators showed that IIS underestimated

physical consequences 1 year after the crash.



Beside the known prognostic factors such as age, initial injury severity and lesion type,
socioeconomic fragility and having a relative involved in the accident emerged as predictive of poor
outcome at one year.

Conclusions

One year after the crash, victims may still be experiencing multiple problems in terms not only of
physical health but also of mental health, social life and environment. Poor outcome may be predicted
from both accident-related factors and socioeconomic fragility. Our results are useful in catching the
attention of both clinicians and the public administration regarding victims at risk of suffering from
important consequences after an accident. If those suffering head injuries are recognized, it would be
very important to better consider and treat PTSD or PCS. Furthermore, subjects from lower
socioeconomic backgrounds, with or without lower limb lesions have numerous difficulties after an

accident, notably for returning to work: an objective would be to provide them more specific support.

Keywords
Outcome prediction, road-crash, homogeneous outcome groups, Injury Impairment Scale, WHOQol-

Bref, ESPARR.



INTRODUCTION

Road crashes can have long-term impacts on victims’ lives, such as functional impairment (Holtslag et
al. 2007), restricted daily activity and social life (Mayou et al. 2001), psychological problems (Holbrook
et al. 2004) and financial problems (Barnes et al. 2006). Understanding these outcomes would be
useful for improving healthcare quality by applying the most appropriate strategies. In addition,
knowledge of predictive factors for outcome could help in adapting medical and social care so as
actively to prevent such consequences.

The consequences of road accidents are various, and few studies have dealt with the
multidimensionality of outcomes. Moreover, while victims with serious consequences can obviously
be expected to have a relatively impaired quality of life (Holbrook et al. 2004, Barnes et al. 2006), this
impairment may, according to the victims, involve several factors, related not only to the accident but
often to intercurrent events.

In the field of road accident research, the Injury Impairment Scale (lIS) is an indicator derived from the
Abbreviated Injury Scale (AIS) (AAAM 1990), predicting 1-year post-trauma impairment related to
each specific lesion. In the absence of follow-up information, the 1IS was used to assess trauma
outcome in several studies (Amoros et al. 2008, Barnes et al. 2009). Some studies compared
predicted and observed outcome (Barnes et al. 2009, Spicer et al. 2011, Nhac-Vu et al. 2012), and
found no exact coherence between the outcome predicted by the IIS and the real outcome. A sequela
prediction tool, however, would be useful for setting up preventive strategies.

Previous reports showed that victims suffering the most severe injuries at the time of the crash more
frequently had poor physical outcomes at 1 year (Mayou et al. 2002a), deteriorated physical health at
6 months (Harris et al. 2008), disabling illness and psychological distress (Li et al. 2001),
psychological trauma at 1 year (Jeavons 2000), or post-traumatic stress syndrome (PTSD) at 1 year
(Koren et al. 2002).

Concerning the impact of age on outcome, our team previously reported that the risk of pain at 6
months was lower in young victims (Hours et al. 2010); Cunningham (Cunningham et al. 2001)
confirmed the strong correlation between age and persistent occupational and/or functional disability;
and Harris (Harris et al. 2008) showed that increasing age was associated with poorer physical and

mental health.



Concerning the impact of gender on outcome, Jeavons (Jeavons et al. 2000) reported that women
had significantly more distress at 6 months and were at higher risk of impaired quality of life and of
PTSD at 18 months; Mayou (Mayou et al. 2002b) found that women were more likely to report pain at
1 year.

Concerning the impact of socio-environmental status, previous studies showed that subjects with a
favorable occupation (Cornes 1992), better income (Harris et al. 2008) or higher educational level or
who were in work (Ottosson et al. 2005) reported better recovery.

The results of the present study showed that a given factor could be predictive of different outcomes
and that a given outcome could be associated with different risk factors. Consequences are thus
obviously interlinked, and an analysis taking them all into account should give a more comprehensive
picture of outcome. Moreover, adjusting predictive factors on each other enables a maximum amount
of information to be taken into account and analyzes their respective impacts more precisely, without
bias induced by interaction.

Therefore the aim of the present study was to assess the multidimensional nature of outcomes 1 year
after the crash and to determine predictive factors which could help in adapting medical and social
care so as to improve road-crash victims’ prognosis. The study was founded on the ESPARR cohort
data-set (Etude et Suivi d’'une Population d’Accidentés de la Route dans le Rhone: follow-up study of

road-accident victims in the Rhéne administrative département of France) based on 1-year follow-up.

METHODS

Subjects

The study was based on the ESPARR cohort (Hours et al. 2010), which is a prospective study of
road-crash victims in the Rhéne administrative département of France. From October 2004 to July
2006, 1,372 victims were recruited to the cohort. Lesions were coded on the AIS, which attributes
lesion severity grades from 1 (minor) to 6 (fatal). Immediate prognosis was assessed on the M-AIS
(the AIS score for the victim's most severe lesion). Given the strong skew between mild and severe
injury, differential sampling fractions were implemented according to initial lesion severity, recruiting
all victims with severe injury (M-AlS=3) and 1 in 6 of those with slight or moderate injury (M-AIS<3).
Cohort inclusion criteria were: 1- having had a road accident in the Rhéne administrative département

(France) involving any vehicle; 2- living in the Rhone département; 3- having been admitted to one of



the hospitals in the département; and 4- having survived the crash at least up to hospital admission.
The ESPARR cohort is, moreover, a subpopulation of the Rhone Registry of road accident victims,
which has been collecting almost exhaustive data on road accidents involving injury in the area since
1995 (Laumon et al. 1997). Initial interviews are performed when the victim reaches hospital, and
these data are supplemented by the initial injury report based on the hospital data. A follow-up of the
cohort was conducted to assess the physical, mental and social/environmental consequences of the
crashes on the victims and their families at 1, 2, 3 and 5 years.

The present study included only participants aged 16 years or over who gave (or whose parents
gave) informed consent to the study: i.e., 1,168 subjects. 886 (76%) of them responded to the follow-
up 1 year later. Due to missing data, only the 616 participants who completed all the items of the
guestionnaire were included in the final analysis (Figure 1).

The representativeness of the population used in this analysis of predictive factors was compared, by
a weighted chi? test, to the population of >16 year-old cohort members failing to answer in full or only

in part to the 1-year questionnaire.

Definition Of Variables And Scores

Personal data: Victim characteristics were described by age, gender, familial status and
socioeconomic fragility. In order to synthesize all the available socioeconomic information in the study
population, a single variable of socioeconomic fragility (6 levels) was derived from the following
information: socio-occupational category (White-collar worker; Intermediate-level employee; Farmer,
craftsman or shopkeeper; Blue-collar worker; Student or housewife); familial status (Single parent;
Family; Single); occupational stability (Not working, stable; Not working, not stable; Working, stable;
Working, not stable [not stable = job-seeker, or under private-sector short-term contract, or
independent professional, or short-term public sector contract, intern/sandwich-course or
apprenticeship]); educational level (< school-leaving certificate; school-leaving certificate; > school-
leaving certificate); living in a disadvantaged area versus not; home-owner versus tenant; living in a
house versus not; negative affective event (children leaving home, divorce or separation or break-up,
or death of relative or friend); negative social event (job loss, money problems or business failure);

previous hospital admission; presence of pre-accident pathology (heart problem, asthma or diabetes,



etc.), having complementary health insurance versus not; practicing an artistic/craft activity versus
not; practicing a sport versus not.
Accident-related data: Type of road user; self-reported degree of responsibility for the accident (in
case of missing information, some degree of responsibility was systematically attributed; when the
victim was the only driver involved, he or she was considered responsible; passengers, cyclists and
pedestrians were considered non-responsible).
Injury pattern: Lesions were categorized as present/absent according to 8 injury types: head, face,
whiplash, thorax, abdomen, spine without whiplash, upper limbs, and lower-limbs. Severity was
described by the New Injury Severity Score (NISS) (Osler et al. 1997), equaling the sum of the
squares of the AIS severity scores for the 3 most severe lesions, enabling multiple trauma to be taken
into account.
Prediction tools: The Injury Impairment Scale (1IS) is an international index which, associated to
lesion description, predicts 1-year sequelae, taking into account mobility, cognitive, esthetic, sensory
and sexual/reproductive aspects and pain. Like the AIS, the IIS has 6 levels of severity (plus a level-0
for lesions without foreseeable sequelae):

0 = Normal function, no impairment.

1 = Detectable impairment without limitation of normal functions.

2 = Impairment compatible with most but not all normal functions.

3 = Impairment compatible with only some usual functions.

4 = Impairment significantly impairing some normal functions.

5 = Impairment preventing most essential functions.

6 = Impairment preventing all essential functions.
For each victim, the IS information was summarized in three ways: MIIS (maximum 1IS predicted for
the subject); NLesionlIS (number of lesions with 11S> 0); and NRegionllS (number of body regions
with at least one [IS> 0 lesion).
Outcome measurements at one year: The 13 outcome variables selected for analysis, representing
physical health, psychological health, and socio-environmental status, are detailed in Table Al.
Quality of life at one year: Quality of life was evaluated on a standard instrument (the WHOQol-
Bref), which contains 26 items: 2 global quality-of-life items assessing overall satisfaction with life and

general sense of personal well-being, and 24 other items covering 4 domains: physical health (7



items), psychological health (6 items), social relationships (3 items), and environment (8 items).

Responses to each item were coded from 1 to 5, summed, and transformed into a scale from 0 (worst

health-related quality of life) to 100 (best health-related quality of life) (WHO 1998).

Statistical Analysis

Step 1. Homogeneous consequence groups: a data mining process was implemented to try to

capture the multidimensionality of 1-year outcomes.

- A multiple correspondence analysis (MCA) was performed with the 13 variables concerning
consequences at 1 year, covering 4 domains (physical health, mental health, social life, and
environment).

- Cluster analysis (Hierarchical Ascendant Classification) was used to classify the victims into
homogeneous outcome groups, using all the factorial axes obtained by the MCA. Clustering began
with each individual counting as a "group" in itself; pairs of most similar groups were then
progressively clustered together, constructing the hierarchy. The choice of which groups to merge or
split was determined by Ward’s minimum-variance method (Ward 1963), in which the distance
between two groups is the variance sum of squares between the two groups summed over all axes.
The numbers of groups in the cluster analysis was determined on a dendrogram; the cubic
clustering criterion (CCC) was then used to evaluate clustering quality, with CCC >2 indicating good
clusters.

Step 2: Description of each group
Each group was described in terms of sociodemographic and lesion variables, using the WHOQol-
Bref (2 global questions, and 4 scores) and IIS indicators. Groups were compared by a weighted chi2
test (Rao-Scott), taking account of the sampling strategy so as to enable comparison. Weighting was
based on injury severity in the study population proportional to the corresponding data for the total
population of road-accident victims (surviving the accident and aged =16 years) in the same
geographical area (Rhéne département) over the same period (October 2004 to July 2006) (data
available from the Rhéne Road-Accident Registry). The scores of the 5 groups in the 4 WHOQol-Bref
domains (physical health, psychological health, social relationships and environment) were compared
by the non-parametric Kruskal-Wallis test. The statistical significance threshold was set at p<0.05.

Step 3: Factors associated with 1-year outcome
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Outcome prediction factors were analyzed using weighted multinomial logistic regression models,
taking the sampling design into account. The variable to be explained (non-ordinal variable in 5
modalities) attributed each modality to one of the homogeneous 1-year consequence groups, as
defined above. The explanatory variables comprised demographic factors (age and gender), accident-
related factors (responsibility in the accident, having a relative involved in the accident, severity and
type of lesion), and socioeconomic fragility status.

Variables significantly related to outcome in univariate analysis were included in the multivariate
model, with attention paid to collinearity. Age and gender were used as adjustment variables, and
then included regardless of their significance level. The variables most significantly associated with
outcome (5% threshold) were adjusted one by one on an ascending stepwise procedure. First-order
interactions were tested between the explanatory variables of the final model.

Statistical analysis used the SurveyFreq and SurveylLogistic procedures of the SAS® software

package, version 9.3.

RESULTS

Description Of The Study Population

The mean age of the 616 respondents was 36.9 years (standard deviation, SD=16.5). Nearly two-
thirds (n=370, 60.1%) were men; more than half had mild or moderate injury (NISS [0 - 8], n=321;
52.1%).

The comparison of the population involved in this predictive factor analysis (n=616) and those of the
216 year-old ESPARR cohort subjects who did not answer all items on the 1-year questionnaire
(n=552) shows no difference in occupational status at the time of the accident, pre-accident
pathology, having a relative involved in the accident or having injuries other than a head injury; non-
respondents, however, were slightly younger, more often male (64% vs 60%), with a greater
socioeconomic fragility (socially exposed : 20% vs 12%) and were less seriously injured (NISS<9:
79% vs 52%).

Of the 13 outcome variables of the cluster analysis, poor subjective health was the most frequently
reported (72%), followed by persistent sequelae at 1 year (66%). Half of the population reported that

the crash had disrupted recreational activities. However, 52 of the 444 victims reporting poor



subjective health also declared no health problems such as persistent sequelae, medical treatment,

increased psychiatric treatment, post-traumatic stress or post-concussion syndrome (PCS).

Consequence Groups

The dendrogram obtained from the MCA suggested 5 or fewer clusters. CCC was greater than 2
(CCC=4.5) for 5 or more clusters. Combining these 2 criteria, a 5-cluster design appeared the most
appropriate.

As shown in Table A2, 5 consequence groups were distinguished:

Group 1: 33.4% of the population (n=206). Most subjects in this group reported good health
recovery, without negative psychological impact, only a few experiencing any negative social or
environmental impact.

- Group 2: 27.7% (n=168). Most subjects in this group reported physical health issues, but with little
psychological, social or environmental impact.

- Group 3: 25.8% (n=159). This group was characterized by poor general health status, associated
with some negative social and environmental impact, but with few cases of negative psychological
impact.

- Group 4: 7.0% (n=43). This group reported poor general health status, associated with negative
social and environmental impact, with almost half of the subjects also reporting psychological
problems: 34.9% post-traumatic stress and 41.9% intensified psychiatric treatment during the year
following the accident. None of the victims in this group had fully recovered health status, and all
had changed residence for accident-related reasons.

- Group 5: 6.5% (n=40). Most subjects in this group reported negative physical, psychological, social
and environmental impact; notably, all had PCS.

Group Comparison By Sociodemographic And Lesion Characteristics At Inclusion

As shown in Table 1, there were significant differences between the groups in terms of family status,

socioeconomic fragility, having a relative involved in the accident, severity of injury and certain types

of lesion (thorax, spine, lower-limbs).

Studying the group characteristics in more detail, group 1 was found to include a very large proportion

of mild injuries. Group 2 mainly involved mild injury, although less than in group 1. Groups 1, 2 and 3

had higher rates of whiplash injury than groups 4 and 5. Half of the group 3 subjects had had a
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motorcycle accident, and two-thirds had lower-limb injuries. Group 4 had a high rate of lower-limb
involvement, and had the highest proportions of males and of severe injury (NISS29). Group 5 had
the highest rate of psychological and social consequences and also the highest proportion of single
persons (60%); there were elevated rates of severe injury, including systematic head involvement,
with half of the subjects reporting facial injury, and also a higher rate of 4-wheel vehicle users than in

the other groups.

Group Comparison By WHOQol-Bref

61.9% of the whole population rated their quality of life as good or very good, and 50.7% were
satisfied or very satisfied with their health status (Table 2). A significant difference was found between
groups concerning satisfaction with life and general sense of personal well-being (p<0.01): groups 1
and 2 reported good quality of life (>67.0%) or were satisfied with their health, which was not the case

for the other 3 groups.

The 5 groups differed in the 4 WHOQol-Bref domains (Figure 2). Kruskal Wallis 1-way analysis of
variance (results not presented in the Table 2, as all were significant: p<0.01) found good correlation
between quality of life on the 4 WHOQol-Bref scores and outcomes in the various groups: groups with
lower WHOQolI-Bref scores (lower quality of life) reported more adverse outcomes than those with
higher scores. For example, Group 1, which had the fewest consequences on the majority of the
outcome measurements, had the best scores in all WHOQol-Bref domains, while Group 4, which had

the most environmental consequences, had the worst scores in the environmental domain.

Group Comparison By IIS Indicators
Comparing the 5 groups by IS, different IIS indicators were tested for relevance to the outcome
groups. The 5 groups differed in terms of 1IS, whichever the indicator used (Table A3):

e In terms of maximum predicted sequelae (MIIS), the proportion of victims with impairment
compatible with most but not all normal functions (MIIS =2) in each group increased steadily from
group 1 to group 5 (6.8%; 9.0%; 12.6%; 37.5%; 39.6%, respectively). In terms of the number of
lesions with sequelae in each group (NLesionllS), the proportion of victims having at least 2

lesions with sequelae increased from group 1 to group 3 and then decreased from group 4 to
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group 5. Comparing the 5 groups by the number of regions with sequelae (NRegionllS), the
proportion of subjects with at least 2 regions showing sequelae increased from group 1 to group
4.

e Comparison of MIIS per lesion type in the 5 groups could not be carried out, as the number of
subjects with notable sequelae in most of the lesion types was zero. There was a very small
number of victims with notable sequelae for certain lesion types: the proportion of victims with
notable sequelae (MIIS>0) in the face, abdomen and thorax lesion was 1.8%, 0.4% and 2.8%,
respectively; neck lesions induced no notable sequelae. Consequently, most of the results are
not presented in the Table A3. The 5 groups could, however, be distinguished in terms of head
and lower-limb lesion sequelae: as shown above, in group 4 two-thirds of victims had at least 1
[1IS>0 for the head; groups 3 and 5 showed higher sequelae rates, in terms of IS, for the lower
limbs. Seven of the 13 victims with spine sequelae were in group 4 with the highest rate of
environmental consequences. It was also found that group 5, which included victims with
multiple outcomes had the greatest number of facial sequelae.

Risk Factors For Poor 1-Year Outcome

Age, socioeconomic fragility status, having a relative involved in the accident, initial lesion severity
and spinal or lower-limb lesions emerged as risk factors for poor outcome at 1 year (Table 3).
Comparing each group to the reference group (group 1) showed an increasing correlation [OR (uiss =9
vs Niss 0-8) increasing from 2.8 to 10.4] between severity (NISS29) and group rank (from group 2 to
group 5).

Victims with spinal or lower-limb lesions were more likely to fall into group 3 (with mainly physical,
social and environmental problems) than group 1 [OR (95%CI) = 4.3(1.8-10.6) and 2.4(1.3-4.4),
respectively].

After adjustment for injury severity, subjects with a relative also involved in the accident were at
greater risk of falling into group 5 (poorest physical, psychological and social outcomes) [5.7 (1.9-
17.0)].

Subjects aged over 24 years were at greater risk of falling in group 4 than those aged 16-24 years.
Subjects classified D, E or F for socioeconomic fragility were at greater risk of falling into group 4 [OR
(95%CI) respectively 11.6 (1.2-109.9), 5.4 (1.2-24.3) and 35.8 (7.1-181.5)], although sample sizes

were small.
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DISCUSSION

Multidimensionality of outcomes has been studied very little in road-accident victims, due to its
complexity; and underlying factors have been studied even less. The present study assessed the
relations between consequences at 1 year post-accident, and predictive factors for poor outcome at 1
year.

Five homogeneous groups of consequences were identified: group 1, showing good recovery, served
as a reference; groups 2 and 3 comprised subjects with intermediate degrees of negative impact,
related largely to physical deficits and difficulties (group 2), and to physical and social problems
(group 3); groups 4 and 5 were both composed of subjects experiencing multiple concomitant
problems but could be distinguished, with higher rates of environmental problems in group 4 and of
psychological problems in group 5. Each of the 4 mean WHOQol-Bref scores lay in the upper half of
the 0-100 scale in the present study, indicating generally quite favorable quality of life levels 1 year
after a crash. Comparison of the 5 groups by the WHOQol-Bref global score confirmed that each
group was homogeneous and distinct from the others regarding quality of life. All 4 WHOQol-Bref
domain scores decreased from group 1 to group 3, confirming increasing severity outcomes. The
failure to find any trend across the 5 groups in terms of humber of lesions or of regions with sequelae
or in terms of body area with the maximal sequelae predicted by IIS can be explained by the fact that
each group was constructed with consequences affecting several domains, whereas the IIS is related
to only 1 domain.

In group 2, the 1IS underestimated physical consequences at 1 year. Although the majority of group 2
had mainly physical consequences without other types of consequence, more than one-third were
impairment-free at 1 year (34.5% MIIS=0).

Concerning risk factors for poor 1-year outcome, after adjustment for several baseline variables
assessed at the time of the accident, not only the well-known factors of age and gender but also
socioeconomic fragility and the fact of having a relative involved in the accident emerged as predictive
of long-term outcome. The results showed a clear difference in frequency of psychological problems
between the 5 groups: PTSD was identified in 75.0% of group 5, 34.9% of group 4 and 28.3% of
group 3; few subjects in groups 1 and 2 reported PTSD. In research on objective health assessment,
PTSD is one of the most frequently investigated psychological problems. The rate of PTSD in the

present study (19%) was similar to that reported by Mayou (Mayou et al. 2001) and lower than in
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Koren's study (32%) (Koren et al. 1999). PCS was reported only in group 5. Regarding other
outcomes in these groups, victims who suffered PCS also had PTSD, physical and social problems.

In agreement with previous reports (Harris et al. 2008, Hours et al. 2010), older subjects were
found to be at greater risk of experiencing multiple problems at 1 year.

Occupation stability, educational level and socioeconomic status were mirrored in the present
study as socioeconomic fragility status, under which various types of complementary information
were combined. There seemed to be a trend toward elevated risk of poor recovery at 1 year
associated with greater socioeconomic fragility at the time of the accident, but sample sizes were
too small to be conclusive, with several high odds ratios failing to achieve significance.

Initial lesion severity has an obvious impact on adversity of outcome, and most of the victims in
groups 4 and 5 had been severely injured in their accident. This finding is in line with previous
reports (Mayou et al. 2002a, Harris et al. 2008, Hours et al. 2010) which found that the risk of
falling into a group of more serious consequences increased with injury severity. In particular, the
fact that none of the group-4 victims had recovered health status and that all had changed
residence for accident-related reasons was related to injury severity; this was the group with the
highest proportion of very severe injuries. Likewise, injury type was related to consequences at 1
year: in groups 3 and 4, more than two-thirds of the subjects had lower-limb involvement, and
restricted leisure activity was notably frequent (88.7% and 95.3%, respectively); PCS was also a
feature of group 5, where 100% of the victims had had head injuries, which were therefore not
introduced in the final model; this is an important fact, showing the particularly unfavorable
outcome experienced after such injury. Head lesions were notably associated with PCS.

Type of road user was reported in the literature as a predictive factor for consequences, the
types most at risk of poor outcome being 2-wheel drivers (Jeavons et al. 2000) and pedestrians
(Mayou et al. 2003); however, this was not included in the present multivariate analysis, due to
collinearities. It is a variable that is closely associated with certain kinds of lesion, such as
whiplash, chest or lower-limb injury, and also with victim responsibility, injury severity and having a
relative involved in the accident. Introducing several accident-related factors in the model and not
the type of road user itself shed better light on how accident-related factors affect consequences.
For example, having a relative injured in the accident influences outcome, but has been very little

studied in the literature; it may induce psychological disorder related to an accumulation of
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disturbances in family life. In the present results, 4-wheel vehicle users were the most concerned
by this factor. Spinal lesions, a dominant factor for 4-wheel vehicle users, and lower-limb lesions, a
dominant factor for pedestrians and 2-wheel motor vehicle users, also emerged as predictive of
poor outcome at 1 year.

The predictive value of gender is controversial: some studies reported higher rates of negative
consequences in females (Barnes et al. 2006, Harris et al. 2008), others in males (Valent et al.
2002, Vorko-Jovic et al. 2006); no predictive value one way or the other emerged from the present
results. In previous analyses (Hours et al. 2008, Chossegros et al. 2011), our team found that
victims not considered responsible for their accident showed poorer recovery, suggesting that
these subjects feel themselves to be helpless victims of misfortune; this was not borne out by the

present results, nor by other studies (Mayou et al. 1993, Jeavons 2000).

The present study has several strong points:

Firstly, the influence of the victim's socioeconomic situation was assessed, which has rarely been the
case in the literature, probably because of a lack of information. Previous studies (Gaulle-Anthonioz
1995, Lecomte et al. 1996) demonstrated socioeconomic fragility to be multifactorial and mainly
expressed in the following domains: socioeconomic status, housing, occupational situation,
educational level and health status. It is thus necessary to dispose of those kinds of information if this
variable is to be studied; this was not always the case in previous reports, whereas the ESPARR
data-set allowed exactly this. Moreover, using a multidimensional factor optimizes the use of the data.
There are in fact correlations between the various factors involved in socioeconomic fragility: having
experienced a negative event, living alone, having already had health problems prior to the accident,
low educational level, low sociodemographic category, occupational instability, lack of complementary
health insurance to supplement the basic national health insurance cover, residence in a
disadvantaged urban area, etc. Combining these data provides full information while avoiding bias
due to introducing the same information repeatedly.

Consequences of accidents are often looked at through the physical disability and its consequence on
functional independence and through the mental perturbations caused by the accident. Usually,
social, financial, familial consequences are not taken into account, so assessing several types of

consequence provides a full picture of outcomes and permits a look for their impact on the daily
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quality of life. So for us, it was very interesting to take into account all these aspects by creating the
typology of the groups of outcomes.

Furthermore we used the concept of quality of life which covers numerous domains of personal and
affective life and also social and occupational relations such as the EuroQol (Barnes et al. 2006) or
the WHOQoI-Bref. The interest of the latter is that it gives a global evaluation and scores in four
domains which are good summaries of all this information; using quality of life to validate the
construction of our typology permits us to confirm its relevance.

If head lesions are known to generate a lot of difficulties after the accident, our results show, in
particular, the impact of PCS troubles or PTSD on the future of such victims: this association between
PCS or PTSD and head trauma (whatever the seriousness of the initial head lesion) has to be further
explored through medical research to better understand these outcomes.

Another area to be explored in more detail is the consequences of lower limb lesions, whose
(particularly physical) consequences are very significant at the one year follow-up and generate
difficulties. The socioeconomic fragility has to be taken into account more often in studies about
accidents. One of the possible developments will be to control if the consequence groupings remains
strong over the years. It would be interesting to build a risk score from the predictive factors we have
found, which could then be proposed to clinicians as a help to identify vulnerable patients (beyond the
severity of the initial lesion), as soon as the first care after the accident is given.

However, some limitations remain:

Most measurements were self-reported, which may have biased the results, although several studies
have demonstrated the quality of subjective assessment in predicting real health status (Hudek-
Knezevic et al. 2009), particularly in populations with health problems (Arnold et al. 2005, Saevareid
et al. 2007). While we had a rich data base for 1,168 adult subjects, a large proportion of them
(n=552, or 47%) failed to respond to all items in the 1-year questionnaire. Non-respondents were
younger, more often male and single, with greater socioeconomic fragility and less seriously injured.
These factors were included in the multivariate model, which decreased the bias due to non-
respondents; despite all that, some bias could persist.

Predictive factor analysis was thus based on only 616 victims, which made for small sample sizes in
some cases. Subjects were therefore sometimes grouped together to increase statistical power, as in

the case of type of road user or of NISS. However, this was not done where it would have led to the
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loss of important information such as the various degrees of socioeconomic fragility or the different
age groups.

Groups 4 and 5 were small, and an attempt was made to merge them in order to increase statistical
power; statistical comparison, however, showed them to differ significantly on all consequence
variables. Analysis therefore proceeded on the basis of 5 groups. Some results therefore have to be
taken with caution, due to small sample size. Also, consequence groups could only be established for
subjects who had answered all of the items on the questionnaire used for the multiple
correspondence analysis, which could have introduced bias. This was checked by comparing
statistics for those who responded to the totality of the questionnaire and those who did not. The
comparison showed that the latter group had a better opinion of their health than the former. These
differences, however, would be liable to influence results in various directions, so that the impact of
response-rate on the final results was probably slight.

A third issue that could be raised was that the same population was used to establish the
consequence groups and to analyze predictive factors, whereas ideally the former should have been
a preliminary step performed on a subpopulation. It was, however, decided to use the whole
population, so as to secure statistical power in establishing the different groups, and this choice was

in fact borne out by the results, which were in agreement with those of the literature.

In conclusion, the present study showed that, at 1 year-post-accident, road-accident victims may
suffer multiple problems involving physical and mental health, and social and environmental life. Five
subgroups emerged, distinct in terms of the severity of their problems of physical health, mental
health, and social/environmental status; the groups were furthermore consistent with their respective
scores in the 4 WHOQol-Bref domains. Poor outcome can be predicted not only from accident-related
factors but also from factors involved in socioeconomic fragility, although further studies will be
needed to confirm this finding.

Our results are useful in catching the attention of both clinicians and the public administration
regarding victims at risk of suffering from important consequences after an accident. If those suffering
head injuries are recognized, it would be very important to better consider and treat PTSD or PCS.
Furthermore, subjects from lower socioeconomic backgrounds, with or without lower limb lesions have

numerous difficulties after an accident, notably for returning to work: an objective would be to provide
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them more specific support. A better knowledge of the consequences for the victims could help to
provide a better compensation after the accident; furthermore, it would allow the understanding of the

victim by those around him/her, family and medical staff, with a view of facilitating his or her social

reintegration.
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Figure 1: Flow-chart showing the process of victim inclusion

Road-crash victims included in ESPARR
(Age 216, N = 1,168)

Non-respondents at 1-year follow-up
N = 282 (24%)
¢ 46 refusals
¢100 lost to follow-up
o1 psychiatric problem
¢ 3 deaths (2 at six months, 1 at one year)
¢ 132 non-respondents, but alive

ESPARR respondents at 1-year
follow-up (N = 886)

Incomplete data at 1-year follow-up
N =270 (31%)

Complete data at 1-year follow-up
(N =616)
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Figure 2: Mean WHOQol-Bref scores in the five outcome groups
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Table 1: Comparison of sociodemographic and lesion characteristics at inclusion in the 5 outcome groups [n (col%)]

Group Group 1 Group 2 Group 3 Group 4 Group 5 Total p value
Victim characteristics n=206 n=168 n=159 n=43 n=40 n=616
Age at crash (years) ns
16-24 75 (36.4) 51 (30.4) 49 (30.8) 6 (14.0) 15 (37.5) 196
(31.8)
25-44 74 (35.9) 66 (39.3) 70 (44.0) 21 (48.8) 16 (40.0) 247
(40.2)
45-64 38 (18.5) 40 (23.8) 30 (18.9) 11 (25.6) 6 (15.0) 125
(20.3)
265 19 (9.2) 11 (6.6) 10 (6.3) 5 (11.6) 3(7.5) 48
(7.8)
Male 116 (56.3) 96 (57.1) 106 (66.7) 30 (69.8) 22 (55.0) 370 ns
(60.1)
Family status <0.01
Single 98 (47.6) 67 (39.9) 59 (37.1) 12 (27.9) 24 (60.0) 260
(42.2)
Living in a couple 83 (40.3) 77 (45.8) 81 (50.9) 15 (34.9) 15 (37.5) 271
(44.0)
Separated, divorced, widowed 25 (12.1) 24 (14.3) 19 (12.0) 16 (37.2) 1(2.5) 85
(13.8)
Level of socioeconomic fragility* <0.01
A 6 (14.0) 9 (22.5) 98
39 (18.9) 19 (11.3) 25 (15.7) (15.9)
B 3(7.0) 6 (15.0) 93
42 (20.4) 21 (12.5) 21 (13.2) (15.1)
C 4(9.3) 1(2.5) 33
10 (4.9) 10 (6.0) 8 (5.0) (5.4)
D 247 0 (0.0) 16
5 (2.4) 4 (2.4) 5(3.1) (2.6)
E 16 (37.2) 18 (45.0) 304
93 (45.1) 97 (57.7) 80 (50.3) (49.4)
F 12 (27.9) 6 (15.0) 72
17 (8.3) 17 (10.1) 20 (12.6) (11.7)
Relative injured in accident 33 (16.0) 33 (19.6) 22 (13.8) 10 (23.3) 14 (35.0) 112 (18.2) 0.02
Responsibility for accident 81(39.3) 49 (29.2) 52 (32.7) 12 (27.9) 8(20.0) 202 (32.8) ns
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Type of road user ns

Pedestrian, inline skate, push scooter 29 (14.1) 24 (14.3) 28 (17.6) 9 (20.9) 6 (15.0) 96
Bicycle 27 (13.1) 24 (14.3) 12 (7.6) 6 (14.0) 6 (15.0) 75 (o)
Two-wheel motor vehicle, quad bike 55 (26.7) 50 (29.8) 63 (39.6) 7 (16.3) 7 (17.5) 182 122
Four-wheeled vehicle 95 (46.1) 70 (41.7) 56 (35.2) 21 (48.8) 21 (52.5) 263 29
New Injury Severity Score (NISS) w0 <0.01
NISS [0 to 8] 151 (73.3) 92 (54.8) 58 (36.5) 9(20.9) 11 (27.5) 321
NISS [9to 15] 34 (16.5) 40 (23.8) 40 (25.2) 10 (23.3) 8 (20.0) 132 ey
NISS 216 21 (10.2) 36 (21.4) 61 (38.4) 24 (55.8) 21 (52.5) 163 (24)
Head injury 85 (41.3) 76 (45.2) 63 (39.6) 17 (39.5) 40 (100.0) 281 28 -
Face injury 46 (22.3) 36 (21.4) 33(20.8) 16 (37.2) 18 (45.0) 149 “eo ns
Whiplash injury 57 (27.7) 47 (28.0) 30 (18.9) 7 (16.3) 10 (25.0) 151 24 ns
Thorax injury 12 (5.8) 20 (11.9) 27 (17.0) 13 (30.2) 9 (22.5) 81 (249 <0.01
Abdomen injury 14 (6.8) 24 (14.3) 20 (12.6) 7 (16.3) 9 (22.5) 74 - ns
Spine without whiplash injury 15 (7.3) 22 (13.1) 34 (21.4) 9 (20.9) 10 (25.0) 90 . <0.01
Upper-limb injury 72 (35.0) 73 (43.5) 66 (41.5) 18 (41.9) 21 (52.5) 250 aee ns
Lower-limb injury 82 (39.8) 78 (46.4) 107 (67.3) 32 (74.4) 19 (47.5) 318 E:Z 0.02

ns: non-significant; * A : subjects considered socially integrated; B: the youngest group, living in their family; C : the oldest group, essentially men, non-salaried working group,
i.e. farmers, or shopkeepers or craftsmen; D : a young group with more females, more single-parent families, living in periurban areas; E : group with financial difficulties but
stable family, more frequently living in poor socioeconomic area, working as blue-collars or employees; F : considered as the most social exposed group, many with no
complementary social insurance, no job or an unstable job, more frequently living in poor social areas, with financial and affective problems the year before the accident.
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Table 2: Global health-related quality of life and satisfaction, WHOQol-Bref scores by group

Group Group 1 Group 2 Group 3 Group 4 Group 5 Total

WHOQol-Bref n=206 (col%) n=168 (col%) n=159 (col%) n=43 (col%) n=40 (col%) n=616 (col%)

How would you rate your quality of life?

Very poor/poor 3 (1.5 4 (2.4) 19 (12.2) 16 (38.1) 15 (37.5) 57 (9.3)
Neither poor nor good 34 (16.5) 50 (29.8) 63 (40.4) 16 (38.1) 13 (32.5) 176 (28.8)
Good/very good 169 (82.0) 114 (67.9) 74 (47.4) 10 (23.8) 12 (30.0) 379 (61.9)

How satisfied are you with your health?

Very dissatisfied/ dissatisfied 5 (2.4) 33 (19.6) 67 (43.0) 29 (96.1) 30 (75.0) 164 (26.8)

Neither satisfied nor dissatisfied 31 (15.1) 53 (31.6) 43 (27.6) 5 (11.9) 6 (15.0) 138 (22.6)
Satisfied/very satisfied 170 (82.5) 82 (48.8) 46 (29.5) 8 (19.1) 4 (10.0) 310 (50.7)

WHOQol-Bref scores M (SD) range M (SD) range M (SD) range M (SD) range M (SD) range M (SD) range

Physical area 83.6(11.5) 41.7-100  72.5(13.9) 25.0-100  61.5(20.0) 7.1-100 45.9(22.1) 0-85.7 45.9(22.0) 0-92.9 69.9(20.5) 0-100
Psychological area  71.9(13.4) 29.3-100  64.2(15.7) 16.7-100  61.9(17.8) 0-91.7 52.5(23.0) 4.2-91.7 49.1(17.5) 0-79.2 64.4(17.6) 0-100
Social area  74.9(15.4) 8.3-100 70.3(17.6) 0.0-100  67.5(17.0) 8.3-100 62.7(26.5) 0-100 57.3(27.6) 0-100  69.8(18.9) 0-100

Environmental area  74.5(13.7) 31.3-100 68.5(14.5) 31.3-100 62.0(17.8) 9.4-100 53.7(19.2) 3.1-87.5 57.5(17.1) 25.0- 67.1(17.0) 3.1-
90.6 100

M: Mean, SD: standard deviation
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Table 3: Factors associated with 1-year outcome

Group 2 Group 3 Group 4 Group 5
(n=168) (n=159) (n=43) (n=40) p value*
OR (95%CIl) OR (95%Cl) OR (95%CIl) OR (95%Cl)
Age at accident (yrs) 0.01
16-24 1 1 1 1
25-44 1.3 (0.7-2.5) 1.3 (0.6-2.7) 9.4 (2.8-31.6) 1.1 (0.3-3.7)
45-64 1.3 (0.6-2.9) 0.9 (0.3-2.2) 6.3 (1.4-28.0) 0.4 (0.1-2.3)
265 0.9 (0.3-2.7) 0.4 (0.12-1.7) 249 (2.8-221.3) 0.6 (0.1-4.3)
Gender ns
Male vs Female 0.7 (0.4-1.2) 0.8 (0.5-1.5) 0.5 (0.1-1.6) 0.8 (0.3-2.5)
Level of socioeconomic fragility ** <0.01
A 1 1 1 1
B 1.0 (0.4-28) 0.4 (0.1-1.3) 0.8 (0.1-5.0) 0.4 (0.1-2.1)
C 2.1 (0.5-8.6) 1.3 (0.3-4.9 2.7 (0.4-16.9) 1.7 (0.1-21.2)
D 2.2 (0.4-11.6) 1.4 (0.2-8.8) 11.6 (1.2-109.9) -
E 2.1 (1.0-46) 0.8 (0.4-1.8) 5.4 (1.2-24.3) 0.6 (0.2-2.4)
F 2.7 (0.9-7.8) 1.7 (0.6-5.1) 35.8 (7.1-181.5) 1.5 (0.3-8.0)
Relative involved in accident 0.02
Yesvs No 1.7 (0.9-3.4) 1.5 (0.7-3.2) 3.2 (0.9-11.6) 5.7 (1.9-17.0)
New Injury Severity Score (NISS) <0.01
NISS 29 vs NISS 0-8 2.8 (1.4-55) 3.2 (1.6-6.5) 7.2 (2.0-25.6) 10.4 (3.0-35.8)
Non-whiplash spinal lesion 0.02
Yesvs No 2.0 (0.9-4.6) 4.3 (1.8-10.6) 2.6 (0.6-11.1) 1.8 (0.4-7.8)
Lower-limb lesion 0.04
Yesvs No 1.3 (0.8-2.2) 2.4 (1.3-4.4) 2.8 (0.9-8.8) 1.2 (0.4-3.3)

OR: odds ratio for falling in a given consequence group; Cl: Confidence interval; ns: non-significant; *multivariate analysis, weighted multinomial logistic regression model,
reference group = group 1; ** A : subjects considered socially integrated; B: the youngest group, living in their family; C : the oldest group, essentially men, non-salaried
working group, i.e. farmers, shopkeepers or craftsmen; D : a young group with more females, more single-parent families, living in periurban areas; E : group with financial
difficulties but stable family, more frequently living in poor socioeconomic areas, working as blue-collars or employees; F : considered the most social exposed group, many
with no complementary social insurance, no job or an unstable job, more frequently living in poor social areas, with financial and affective problems the year before the

accident.
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APPENDIX

Table Al: Outcome measurements at one year

Physical outcome measures

General health perception

Sequelae

Disruption of recreational

activities

Disruption of working life
Medication

Psychological outcome

measures

Increased psychiatric treatment

Post-traumatic stress disorder
(PTSD)

Post-concussion syndrome

Social outcome measures

Consequences for the family
Emotional life upset

Environmental
measures

outcome

Change in accommodation
Change in projects

Financial problems

Victims were considered as having good health status at 1 year if they described their medical condition as
fully recovered, they had good physical consolidation, and their morale was no longer affected by the crash.
In contrast, if victims had at least 1 negative self-assessment on these items, they were considered as having
not recovered good health status.

Victims described the sequelae they suffered at 1 year (pain, non-union, sensory sequelae, etc.). Responses
were then validated and coded by the team physician.

Victims reported whether the crash had disrupted their recreational activities (sport, music, holidays, travel,
etc.).

Victims reported whether the crash had disrupted their working life (job, promotion, projects, etc.).

Victims reported any medical treatment at 1 year in relation with the crash (painkillers, neurologic treatment,
etc.).

Victims reported any increase in the dose of psychiatric treatment between the time before the accident and
the 1-year follow-up questionnaire.

PTSD is a severe anxiety condition that can arise after a traumatic event. It was assessed using the Post-
traumatic Checklist Scale (PCLS) (Weathers et al. 1993), translated into French and validated by Yao and
Ventureyra (Yao et al. 2003). The PCLS comprises 17 items relating to the 3 dimensions of the disorder: re-
experiencing, avoidance and hyperarousal.

Victims were classified on the criteria set out by the International Statistical Classification of Diseases and
Related Health Problems (WHO-icd10)(WHO) for consequences of head injuries sustained in a crash. The
symptoms used for classification were: headache, dizziness, fatigue, irritability, sleep disturbance, reduced
concentration, reduced memory, and sensitivity to noise and light.

Victims reported whether the crash had affected the daily life of their family (work duration, daily burden, etc.).
Victims reported whether they thought the crash had upset their emotional life (family harmony, sexual life,
friends, etc.).

Victims reported whether, since the accident, they had not returned home or needed changes made to their
home or changed houses for health reasons, or were in a daytime activity center or occupational center.
Victims reported whether they had had to change their projects since the crash (baby, marriage, real estate,
etc.).

Victims reported whether the crash still affected their finances, notably in relation to problems of work.
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Table A2: Descriptive outcome information on the 5 outcome groups at 1 year

Group Group1l Group 2 Group 3 Group 4 Group 5 Total
Outcome* n=206 (col%) n=168 (col% ) n=159 (col% ) n=43 (col%) n=40 col(%) n=616 (col%)
Physical outcome
Health not fully recovered 54 (26.2) 151 (89.9) 157 (98.7) 43 (100) 39 (97.5) 444 (72.1)
Persistent sequelae 47 (22.8) 131 (78.0) 152 (95.6) 41 (95.3) 38 (95.0) 409 (66.4)
Disruption of recreational activities 24 (11.7) 76 (45.2) 141 (88.7) 41 (95.3) 33 (82.5) 315 (51.1)
Disruption of working life 29 (14.1) 58 (34.5) 110 (69.2) 32 (74.4) 29 (72.5) 258 (41.9)
On medical treatment 4 (1.9) 78 (46.4) 82 (51.6) 32 (74.4) 31 (77.5) 227 (36.9)
Psychological outcome
Increased psychiatric treatment 0 (0) 38 (22.6) 45 (28.3) 18 (41.9) 20 (50.0) 121 (19.6)
Post-traumatic stress disorder 4 (1.9) 21 (12.5) 45 (28.3) 15 (34.9) 30 (75.0) 115 (18.7)
Post-concussion syndrome 0 (0) 0 (0) 0 (0) 0 (0) 40 (100) 40 (6.5)
Social outcome
Consequences for the family 23 (11.2) 20 (11.9) 121 (76.1) 33 (76.7) 28 (70.0) 225 (36.5)
Emotional life upset 23 (11.2) 13 (7.7) 102 (64.2) 25 (58.1) 27 (67.5) 190 (30.8)
Environmental outcome
Change in accommodation 5(2.43) 0 (0) 0 (0) 43 (100) 12 (30.0) 60 (9.7)
Change in projects 27 (13.1) 14 (8.3) 93 (58.5) 33 (76.7) 29 (72.5) 196 (31.8)
Financial problems 30 (14.6) 56 (33.3) 85 (53.5) 31 (72.1) 23 (57.5) 225 (36.5)

*13 variables grouped into 4 domains
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Table A3: Descriptive Injury Impairment Scale indicators in the 5 outcome groups at 1 year

Group 1 Group 2 Group 3 Group 4 Group 5 Total P value
n=206 (col%) n=168 (col% ) n=159 (col% ) n=43 (col%) n=40 (col%) n=616 (col%)
MIIS <0.01
1 104 (50.5) 95 (56.6) 102 (64.2) 20 (46.5) 21 (52.5) 342 (55.5)
>2 14 (6.8) 15 (9.0) 20 (12.6) 17 (39.6) 15 (37.5) 81 (13.1)
NLesionlIS <0.01
1 87 (42.2) 70 (41.7) 65 (40.9) 14 (32.6) 12 (30.0) 248 (40.3)
=2 31(15.1) 40 (23.8) 57 (35.9) 23 (53.5) 24 (60.0) 175 (28.4)
NRegionlIS <0.01
1 97 (47.1) 81 (48.2) 87 (54.7) 18 (41.9) 15 (37.5) 298 (48.4)
=2 21 (10.2) 29 (17.3) 35 (22.0) 19 (44.2) 21 (52.5) 125 (20.3)
MIIS Head 0.01
1 49 (23.8) 40 (23.8) 32 (20.1) 8 (18.6) 23 (57.5) 152 (24.7)
=2 6 (2.9) 12 (7.1) 6 (3.7) 5(11.7) 9 (22.5) 38 (6.1)
MIIS Face -
1 2 (1.0 1 (0.6) 2(1.3) 1(2.3) 4 (10.0) 10 (1.6)
=2 0 (0.0) 0 (0.0) 0 (0.0) 1(2.3) 0 (0.0) 1(0.2)
MIIS Spine -
1 46 (22.3) 45 (26.8) 31 (19.5) 8 (18.6) 7 (17.5) 137 (22.2)
>2 1(0.5) 0 (0.0) 2(1.2) 7 (16.3) 3(7.5) 13 (2.2)
MIIS Upper limbs -
1 13 (6.3) 16 (9.5) 25 (15.7) 11 (25.6) 3(7.5) 68 (11.0)
=2 1(0.5) 0 (0.0) 0(0.0) 1(2.3) 0 (0.0) 2(0.9)
MIIS Lower limbs <0.01
1 16 (7.8) 20 (11.9) 54 (34.0) 17 (39.5) 5(12.5) 112 (18.2)
>2 6 (2.9) 4 (2.4) 12 (7.5) 9 (20.9) 5(12.5) 36 (5.9)

ns: non-significant; MIIS : Maximum Injury Impairment Scale ; NLesionlIS : number of lesions giving 11S> 0; NRegionlIS: number of the body regions having at least one 11S> 0.
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