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Abstract
Background The course and corresponding characteristics of quality of life (QOL) domains in trauma population are unclear. 
Our aim was to identify longitudinal QOL trajectories and determine and predict the sociodemographic, clinical, and psy-
chological characteristics of trajectory membership in physical trauma patients using a biopsychosocial approach.
Methods Patients completed a questionnaire set after inclusion, and at 3, 6, 9, and 12 months follow-up. Trajectories were 
identified using repeated-measures latent class analysis. The trajectory characteristics were ranked using Cohen’s d effect 
size or phi coefficient.
Results Altogether, 267 patients were included. The mean age was 54.1 (SD = 16.1), 62% were male, and the median injury 
severity score was 5.0 [2.0—9.0]. Four latent trajectories were found for psychological health and environment, five for 
physical health and social relationships, and seven trajectories were found for overall QOL and general health. The trajec-
tories seemed to remain stable over time. For each QOL domain, the identified trajectories differed significantly in terms of 
anxiety, depressive symptoms, acute stress disorder, post-traumatic stress disorder, Neuroticism, trait anxiety, Extraversion, 
and Conscientiousness.
Discussion Psychological factors characterized the trajectories during 12 months after trauma. Health care providers can use 
these findings to identify patients at risk for impaired QOL and offer patient-centered care to improve QOL.

Keywords Quality of life · Trauma · Injury · Repeated measures latent class analysis · Observationalcohort research

Introduction

Physical trauma became a major public health problem over 
the last decade, because an increasing number of patients 
were treated in the emergency department (ED) after injury 
[1]. Survivorship increased due to improvement in special-
ized trauma care [2]. Nevertheless, survivors have reported 
long-term physical disabilities (e.g., pain and fatigue), 
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psychological problems (e.g., anxiety and depressive symp-
toms), disorders (e.g., acute and post-traumatic stress dis-
order (PTSD)) [3–8], and impaired quality of life (QOL; 
i.e., a subjective and multidimensional concept of person’s 
physical health, psychological state, personal beliefs, social 
relationships and their relationship to salient features of their 
environment) [9–13].

These disabilities and disorders were, together with soci-
odemographic (e.g., older age, female sex, low education) 
and clinical (e.g., higher injury severity score, hospital stay 
and ICU admission) characteristics, related to impaired 
health-related QOL (HRQOL) or health status (HS) [9, 12, 
14–18]. HRQOL is a limited definition of QOL, as it solely 
focuses on patients’ subjective perceptions on health (i.e., 
physical and mental health), whereas HS refers to the extent 
of physical, psychological, and social functioning, but with-
out taken patients’ satisfaction with functioning into account 
[19]. Moreover, recent studies, describing latent trajecto-
ries, focused on general health [20] and health status (HS) 
[21–23] and not on QOL. These studies were also based on a 
subset of the trauma population (e.g., whiplash or traumatic 
brain injury), instead of a trauma population with multiple 
injuries.

To our knowledge, no study has been conducted to iden-
tify trajectories and predictors for impaired QOL after 
injury. Repeated-measures latent class analysis (RMLCA) 
can be used to identify a set of distinct longitudinal response 
patterns (i.e., QOL trajectories). Regression analyses can 
subsequently be used to examine the sociodemographic and 
clinical characteristics of patients classified in each trajec-
tory [24]. Therefore, our aims were to first identify latent 
trajectories representing distinct changes in QOL over a 
12-month follow-up and then to determine the sociodemo-
graphic, clinical, and psychological characteristics of each 
identified trajectory using a biopsychosocial approach [25].

Methods

Patients

Trauma patients treated in the shock room between Novem-
ber 2016 and November 2017 of the ETZ Hospital (Elis-
abeth-TweeSteden Ziekenhuis), Tilburg, The Netherlands, 
were asked to participate in this study. This hospital is a 
Level-1 Trauma Center in the province of Noord-Brabant. 
Only patients aged 18 or older were included. Patients 
were excluded in case of severe traumatic brain injury (i.e., 
Glasgow Coma Score (GCS) ≤ 8), dementia, or insufficient 
knowledge of the Dutch language (verbal and writing).

Study design and procedure

Patients were asked to participate by either the emergency 
doctor or the researcher (EV). Patients signed two informed 
consents: first, in the emergency department after receiving 
treatment in the shock room and being informed by the doc-
tor; then 1 to 5 days later, patients again confirmed participa-
tion to make sure that they have had sufficient time to con-
sider participation in the study. Unconscious patients were 
informed by the researcher and asked to participate as soon 
as they were lucid. All obtained information was destroyed 
for patients who declined participation by not signing the 
second informed consent.

This study is part of a mixed-method study. The study 
protocol is published elsewhere [26]. This study (protocol 
number: NL55386.028.15) has been reviewed and approved 
by the Medical Ethical Committee Brabant (METC Brabant) 
on December 4, 2015. The study has been recorded in the 
Netherlands Trial Registry (NTR6258). To strengthen valid-
ity and comprehensiveness, this study was conducted and 
reported according to the Strengthening the Reporting of 
Observational Studies in Epidemiology (STROBE) checklist 
for cohort studies [27]. Participation was voluntarily and no 
financial reward was given.

Data collection

Sociodemographic information (i.e., sex, age, living situa-
tion, education level, and employment) was obtained from 
patients at baseline. Clinical information, including type of 
trauma mechanism (e.g., motor vehicle accident), number 
of injuries, type of injury (e.g., spinal cord injury), injury 
severity score (ISS), GCS, surgery (yes/no), hospital admis-
sion (yes/no), admission to ICU, length of stay, psychiatric 
history (yes/no), and consult or treatment from health psy-
chologist (yes/no), was abstracted from the patients’ medical 
records.

Data for this study were collected using self-report ques-
tionnaires and a structured interview. Patients completed a 
baseline questionnaire on sociodemographics, QOL, ASD 
and PTSD, anxiety, depressive symptoms, and personality 
traits after they confirmed participation. Clinical informa-
tion was retrieved from patients’ medical records. QOL was 
further assessed during follow-up at 3, 6, 9, and 12 months 
after injury [26].

QOL was measured with the World Health Organization 
Quality of Life assessment instrument-Bref (WHOQOL-
Bref) [25, 28]. This 26-item questionnaire is the short 
version of the WHOQOL-100 and assesses four domains 
(Physical health, Psychological health, Social relationships, 
and Environment) as well as one general facet Overall QOL 
and general Health. Each item is rated on a five-point rating 
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scale. Norm scores [29] were used to indicate and label 
each trajectory (e.g., Physical health; Poor: 9.1, Fair: 12.3, 
Good: 14.8, Very good: 16.5, Excellent: 18.3). Higher scores 
indicate better QOL. The WHOQOL-Bref has good psycho-
metric properties [25, 30, 31] and it is a reliable and valid 
instrument in trauma patients [32].

The MINI-Plus is a short-structured interview, based on 
the Diagnostic and Statistical Manual of Mental Disorders 
(DSM-5), and it is used to assess ASD at baseline [33]. The 
items are dichotomous (symptoms: absent or present). The 
total scores theoretically range from 0 to 14 and indicate 
symptom severity. Nevertheless, patients can only be diag-
nosed with ASD if at least nine symptoms are present from 
each of the five categories (i.e., intrusion, negative emotions, 
dissociation, avoidance, and arousal). Therefore, in line with 
the manual instructions, dichotomous scores (disorder: no 
versus yes) for ASD were used in the analyses.

The IES-R is a self-report questionnaire to assess symp-
tom severity of PTSD. It consists of 22 items which meas-
ure intrusive re-experiences (8 items, e.g., Any reminder 
brought back feelings about it’), hyperarousal (6 items, e.g., 
‘I felt irritable and angry’), and avoidance (8 items, e.g., ‘I 
avoided letting myself get upset’) of injury-related stimuli 
[34]. The participant stated whether the content of each 
statement was present during the past 7 days on a 4-point 
Likert scale ranging from 0 (not at all) to 4 (often). The 
total scores theoretically ranged from 0 to 88 and continu-
ous scores were used in the analyses. The IES-R has good 
psychometric properties [35] and the Dutch translation [36] 
of the IES-R is reliable and valid in various populations of 
people experiencing traumatic stress [37].

The Hospital Anxiety and Depression Scale (HADS) was 
used to measure anxiety and depressive symptoms [38]. It is 
a generic questionnaire measuring levels of anxiety (7 items) 
and depression (7 items) with a 4-point rating scale ranging 
from 0 (not at all) to 3 (very much). The total scores for both 
subscale theoretically range from 0 to 21. The questionnaire 
is reliable and valid in patients with traumatic brain injury 
[39].

The 60-item NEO Five Factor Inventory (NEO-FFI) was 
used to measure Big Five personality domains: Neuroticism, 
Extraversion, Openness to experience, Agreeableness, and 
Conscientiousness [40, 41]. Each of the 60 items is rated on 
a five-point rating scale ranging from 1 (strongly disagree) 
to 5 (strongly agree), resulting in domain scores theoretically 
ranging between 12 and 60. The psychometrics have been 
extensively assessed and the internal consistency, test–retest 
reliability, and validity are acceptable to good in physical 
trauma patients [42].

The State-Trait Anxiety Inventory (STAI) (short form) 
consists of 20 items for measuring state anxiety (10 items) 
and trait anxiety (10 items) [43]. In this study, only the STAI-
Trait scale was used. The STAI-Trait scale has a four-point 

rating scale ranging from 1 (almost never) to 4 (almost 
always), resulting in a total score theoretically ranging from 
10 to 40. The Dutch version of the STAI is a reliable and 
valid instrument in the general population [43].

Statistical analysis

Missing item scores of the WHOQOL-Bref, IES-R, and the 
HADS were imputed with individual subscale means when 
at least half of the subscale items were answered [34, 44, 
45].

Baseline characteristics (i.e., sociodemographic, clinical, 
and psychological variables) of participants versus non-par-
ticipants were compared using independent t-tests for con-
tinuous normally distributed data, Mann–Whitney U tests for 
continuous non-normally distributed data, Chi-square tests 
for categorical data, and Fisher’s exact tests for categorical 
data (e.g., ASD) where one or more of the crosstab cells 
showed expected cell counts less than 5.

The software Latent Gold (version 5.1) [46] was used to 
conduct a RMLCA, to identify the number of non-observed 
(latent) trajectories in the courses of each the QOL domain 
scores (dependent variables). Time was modeled as a cat-
egorical predictor with five measurements, allowing for the 
estimation of non-linear QOL trajectories over time. Miss-
ing values on the dependent variables were handled through 
full information maximum likelihood estimation. The Bayes-
ian Information Criterion (BIC) was used to determine the 
number of trajectories that best fitted the data, based on the 
rule that lower BIC values indicate better model fit [24, 
47]. Class membership was determined using Latent Gold’s 
model class assignment procedure by assigning patients to 
a trajectory with the highest membership probability. The 
identified trajectory classes were compared on the sociode-
mographic, clinical and psychological characteristics using 
Chi-square tests and ANOVA’s. As a result, each class rep-
resents a different trajectory of QOL, and each trajectory has 
its own characteristics. A Bonferroni–Holm correction was 
used to adjust the significance level for the large number of 
performed statistical tests [48].

For all significant (based on Bonferroni–Holm correction) 
continuous characteristics, Cohen’s d effect sizes were cal-
culated to determine what characteristics are most strongly 
related to class membership [49]. Phi coefficients were used 
to examine the correlation between class membership and 
categorical characteristics (e.g., ASD). For each domain, 
three characteristics with the largest effect sizes were 
reported. While comparing trajectories, Good or Excellent 
trajectory (i.e., class with highest mean QOL scores over 
12 months after injury) served as the reference class and was 
compared with Poor or Worse (i.e., class with lowest mean 
QOL scores over 12 months after trauma) QOL trajectory.
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Results

In total, 267 patients were included at baseline (27% 
response rate, see Fig. 1). The response rate at three, six, 
nine, and 12 months follow-up was 81.6%, 77.5%, 72.7%, 
and 73.0%, respectively. The mean age of participants was 
54.0 (SD = 16.1) and 61.8% were male patients. Moreover, 
participants showed more spinal cord injuries, thorax or 
abdominal with a combination of other injuries, and multi-
trauma or burn wounds than non-participants. With regard to 
the nature of the injury, participants experienced more often 
a trauma as cyclist and they more often had an isolated head 
injury compared to non-participants. Patients’ sociodemo-
graphic and medical aspects are shown in Table 1.

The missing sum scores for QOL are presented in Sup-
plemental Table 1. Concerning the IES-R, 21 (7.9%) miss-
ing item scores were imputed, whereas 3 (1.1%) missing 
item scores for the HADS anxiety and 1 (0.4%) missing item 
score for HADS depression were imputed.

Table 2 indicates that four similar latent trajectory classes 
best fitted the data for psychological health and environ-
ment, based on the lowest BIC value criterion. Five differ-
ent trajectories best fitted the data for physical health and 
social relationships. Seven trajectories were found for overall 
QOL and general health. The labels of the trajectories were 
based on total mean scores on each domain at baseline, when 
they seemed to be stable during 12 months after trauma. 
Otherwise, in case of change in direction, the labels of the 
trajectories were based on the course of QOL scores across 
time (e.g., Recovery) and compared with norm scores [29]. 
Tables 3, 4, 5, and 6 show the sociodemographic, clinical, 
and psychological characteristics of patients classified in 

each trajectory. Table 6 shows for each QOL domain the 
characteristics that most strongly predict the difference 
between the highest and lowest scoring QOL trajectories 
over the 12-month follow-up.

Trajectories for physical health

The five trajectories were labeled as Poor, Fair, Good, Very 
good, and Excellent (see Table 3 and Fig. 2a). The identi-
fied physical health trajectories differed significantly on all 
investigated psychological characteristics, except for Agree-
ableness and Openness. Patients in both the Poor and Fair 
class scored significantly more often on ASD (p = 0.002) 
and higher on anxiety, depressive symptoms, PTSD, Neu-
roticism, trait anxiety, and lower on Extraversion and Con-
scientiousness compared with the other three trajectories 
(i.e., Good, Very good, and Excellent). No significant dif-
ferences were found for sociodemographic and clinical 
characteristics. 

The most pronounced differences between the Excellent 
trajectory and Poor trajectory were found for PTSD, trait 
anxiety, and anxiety. Patients with Poor physical health tra-
jectories had substantially higher baseline scores on PTSD, 
trait anxiety, and anxiety than patients with Excellent physi-
cal health. Patients in the Poor physical health trajectory 
significantly more often had ASD at baseline than patients 
with Excellent physical health trajectories (n = 9, 22.5% ver-
sus n = 0, 0%, rφ = 0.27, p = 0.024).

Trajectories for psychological health

The four identified trajectories were labeled as Poor, Good, 
Very good, and Excellent psychological health (see Fig. 2b). 

Fig. 1  Flowchart of study 
population
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Table 1  Characteristics of the total cohort, participants who completed the baseline questionnaire, and non-participants who have been excluded 
from analysis

Total cohort (N = 973) Participants
(N = 267)

Non-participants (N = 706) p-value

Age (years)* 50.7 ± 20.0 54.0 ± 16.1 49.5 ± 21.2  < .001
 18–44‡ 358 (36.8) 61 (22.8) 297 (42.1)
 45–64‡ 353 (36.3) 133 (49.8) 220 (31.2)
 65–74‡ 131 (13.5) 52 (19.5) 79 (11.2)
 ≥ 75‡ 131 (13.5) 21 (7.9) 110 (15.6)

Sex .882
 Female 368 (37.8) 102 (38.2) 266 (37.7)
 Male 605 (62.2) 165 (61.8) 440 (62.3)

Trauma mechanism .014
 Motor vehicle accident 217 (22.3) 61 (22.8) 156 (22.1)
 Motorcycle 98 (10.1) 31 (11.6) 67 (9.5)
 Pedal  cycle‡ 185 (19.0) 64 (24.0) 121 (17.1)
 Pedestrian 20 (2.1) 4 (1.5) 16 (2.3)
 Fall 364 (37.4) 92 (34.4) 272 (38.6)
 Struck by/collision 66 (6.8) 15 (5.6) 51 (7.2)
 Other‡ 23 (2.4) 0 (0) 23 (3.3)

Number of injuries* 2.0 [0.0–31.0] 3.0 [2.0–7.0] 2.0 [0.0–11.0]  < .001
 0–2‡ 591 (60.7) 116 (43.4) 475 (67.3)
 3–5‡ 301 (30.9) 107 (40.1) 194 (27.5)
 6–8‡ 53 (5.4) 23 (8.6) 30 (4.2)
  ≥ 9‡ 28 (2.9) 21 (7.9) 7 (1.0)

Type/nature of injury  < .001
 Isolated head  injury‡ 71 (7.3) 7 (2.6) 64 (9.1)
 Head and other injuries 351 (36.1) 93 (34.8) 258 (36.5)
 Spinal cord injury 100 (10.3) 30 (11.2) 70 (9.9)
 Orthopedic injuries only 131 (13.5) 27 (10.1) 104 (14.7)
 Chest/abdominal alone 51 (5.2) 12 (4.5) 39 (5.5)
 Chest/abdominal and other injuries 66 (6.8) 24 (9.0) 42 (5.9)
 Other multi-trauma and  burn‡ 191 (19.6) 74 (27.7) 117 (16.6)
 Other‡ 10 (1.0) 0 (0) 10 (1.4)

ISS score*ǂ N = 609 N = 263 N = 346  < .001
5.0 [1.0–48.0] 5.0 [2.0–9.0] 6.0 [1.0–48.0]

 1–3 209 (34.3) 111 (42.2) 98 (28.3)
 4–8 157 (25.8) 71 (27.0) 86 (24.9)
 9–15 120 (19.7) 47 (17.9) 73 (21.1)
 ≥ 16 123 (20.2) 34 (12.9) 89 (25.7)

Glasgow Coma Score* 14.6 ± 1.0 14.7 ± 0.8 14.6 ± 1.1 .156
 9–12 45 (4.7) 8 (3.0) 37 (5.2)
 13–15 914 (95.3) 259 (97.0) 655 (92.8)

Hospitalization  < .001
 Yes 519 (53.3) 173 (64.8) 346 (49.0)
 No 454 (46.7) 94 (54.3) 360 (51.0)

Admission to  ICUǂ  < .001
 Yes 138 (26.6) 36 (20.8) 102 (29.5)
 No 381 (73.4) 137 (79.2) 244 (70.5)

Length of stay* 7.2 [0.0–124.0] 3.0 [0.0–29.0] 8.3 [1.0–124.0] .010
 1–2 days 204 (21.0) 76 (28.5) 128 (18.1)
 3–7 days 165 (17.0) 54 (20.2) 111 (15.7)
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These trajectories differed significantly on all examined psy-
chological factors, except for Agreeableness and Openness 
(see Table 4). Sociodemographic and clinical factors did not 
significantly differ between the psychological health trajec-
tories. Patients with Poor psychological health scored more 
often on ASD (p < 0.001) and higher on anxiety, depressive 
symptoms, PTSD, Neuroticism, trait anxiety, and lower on 
Extraversion and Conscientiousness compared to the other 
three trajectories (i.e., Good, Very good, and Excellent). 
Patients in the Very good psychological health trajectory 
showed significantly less ASD symptoms compared with 
other trajectories (i.e., Poor and Good).

The most pronounced differences between the Excellent 
(class 4; reference group) trajectory and Poor psychological 
health trajectory were found for trait anxiety, Neuroticism, 
and anxiety. Patients with Poor psychological health had 
substantially higher baseline scores on trait anxiety, Neuroti-
cism, and anxiety than patients with Excellent psychological 
health. Patients in the Poor psychological health trajectory 
more often had ASD at baseline than patients with patients 
with Excellent psychological health (n = 10, 28.6% versus 
n = 1, 1.8%, rφ = 0.31, p = 0.007).

Trajectories for social relationships

The five identified trajectories were labeled as Very poor, 
Fair, Good, Very good, and Excellent social relationships 
(see Table 3 and Fig. 2c). These trajectories differed sig-
nificantly on all investigated psychological characteristics, 
except for Agreeableness and Openness. The trajectories did 
not differ in terms of sociodemographic and clinical char-
acteristics. Patient in the Very poor and Fair social relation-
ships trajectory scored more often on ASD (p < 0.001) and 
significantly higher on anxiety, depressive symptoms, PTSD, 
Neuroticism, and trait anxiety, and lower on Extraversion 
and Conscientiousness compared to the other three (i.e., 
Good, Very good, and Excellent) trajectories.

The most pronounced differences between the Excel-
lent and Very poor social relationships trajectories were 
found for trait anxiety, Neuroticism, and depressive symp-
toms. Patients with Very poor trajectories scored substan-
tially higher on trait anxiety, Neuroticism, and depressive 
symptoms than patients with Excellent trajectories. Patients 
with Very poor social relationships trajectories had more 
often ASD than patients with patients with Excellent social 

Table 1  (continued)

Total cohort (N = 973) Participants
(N = 267)

Non-participants (N = 706) p-value

 8–14 days 77 (7.9) 21 (7.9) 56 (7.9)
 > 15 days 60 (6.2) 9 (3.4) 51 (7.2)

Surgery 43 (25.1)
Living situation
 Alone 45 (16.9)
 With parents 18 (6.7)
 With a partner, no children 101 (37.8)
 With a partner and children 86 (32.2)
 Alone, with children 15 (5.6)

Educational level
 Low 49 (19.7)
 Middle 103 (41.4)
 High 97 (39.0)

Employment
 Employed 159 (59.8)
 Unemployed 108 (40.2)

Psychiatric  history¥ 17 (6.4)
Treatment by health psychologist after trauma 4 (1.5)

ICU Intensive Care Unit, ISS Injury severity score
Bold indicates the p-value less than .05 (p ≤ .05) is statistically significant
* Means ± standard deviations or the median [Min–Max]. Number of patients (percentages) are provided for categorical variables. Missing data 
were not included in calculating percentages
‡ A significant difference between the participants and non-participants
ǂ Admission to the ICU could be calculated only for patients who were hospitalized after treatment in the shock room and not for patients who 
were discharged after treatment in the shock room. ISS scores could, in the majority of cases, be calculated, especially in hospitalized patients
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relationships (n = 3, 37.5% versus n = 0, 0%, rφ = 0.45, 
p = 0.014).

Trajectories for environment

The four identified trajectories were labeled as Poor, Good, 
Very good, and Excellent environmental QOL (see Table 4 
and Fig. 2d). These trajectories differed significantly on all 
investigated psychological factors, except for Openness. The 
trajectories did not differ significantly in terms of clinical 
characteristics. Patients in the Poor environment trajectory 
scored significantly more often on ASD (p < 0.001) and 
higher on anxiety, depressive symptoms, PTSD, Neuroti-
cism, and trait anxiety, and lower on Extraversion, Conscien-
tiousness, and Agreeableness compared with the other (i.e., 
Good, Very good, and Excellent) trajectories.

The most pronounced differences between the Excellent 
trajectory and Poor trajectory were found for trait anxiety, 
Neuroticism, and depressive symptoms. Patients in the 
Poor trajectory scored at baseline substantially higher on 
trait anxiety, Neuroticism, and depressive symptoms than 
patients in the Excellent environment trajectory. Patients 
in the Poor environment trajectory had more often ASD at 
baseline (n = 11, 24.4%) than patients in the Excellent tra-
jectory (n = 1, 1.9%, rφ = 0.29, p = 0.006). More patients in 
the Excellent environment trajectory were higher educated 
(n = 34, 60.7%) compared to patients in the Poor trajectory 
(n = 6, 13.6%, rφ = − 0.28, p = 0.002).

Trajectories for overall quality of life and general 
health

The seven identified trajectories were labeled as Very poor, 
Recovery, Poor, Fair, Good, Very good, and Excellent class 
(see Fig. 2e). These trajectories differed significantly on all 
investigated psychological factors, except for Conscientious-
ness, Agreeableness, and Openness (see Table 5). The trajec-
tories did not significantly differ on the sociodemographic 
and clinical variables. Patients in the Very poor trajectory 
scored significantly higher on anxiety, depressive symptoms, 
PTSD, Neuroticism, and trait anxiety, and lower on Extraver-
sion than patients in the other trajectories. Significantly more 
patients with ASD (p < 0.001) were found in the Very poor 
(trajectory 1, n = 13, 27.1%) trajectory compared with other 
trajectories, whereas no patients with ASD were found in the 
Very good (trajectory 6, n = 0, 0%) trajectory. The Recovery 
trajectory was the only trajectory in which QOL improved 
over time, from Very poor QOL at baseline to Good QOL at 
12 months after trauma. These patients scored significantly 
higher on Extraversion and had significantly lower PTSD, 
Neuroticism, trait anxiety, and depression scores at base-
line than patients who did not recover during the 12 months 
follow-up (i.e., Very Poor trajectory). Furthermore, patients Ta
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Table 3  Sociodemographic, clinical, and psychological characteristics for the five trajectories of physical health and social relationships

Characteristics Physical health

Trajectory 1: Poor Trajectory 2: Fair Trajectory 3: Good Trajectory 4: Very 
good

Trajectory 5: Excel-
lent

p-value

42 (15.9) 34 (12.6) 84 (31.4) 75 (28.0) 33 (12.2)

Anxiety* 9.2 ± 3.74,5 10.6 ± 3.23,4,5 6.9 ± 4.82,5 5.4 ± 4.31,2 3.8 ± 4.41,2,3  < .001
Depressive symp-

toms*
6.9 ± 2.73,4,5 6.9 ± 2.53,4,5 5.0 ± 2.61,2 4.3 ± 2.11,2 4.2 ± 2.31,2  < .001

Neuroticism* 34.2 ± 8.63,4,5 34.9 ± 8.23,4,5 28.1 ± 7.21,2 26.4 ± 6.51,2 24.8 ± 6.81,2  < .001
Trait anxiety* 21.9 ± 7.83,4,5 22.0 ± 5.93,4,5 17.0 ± 5.11,2 14.8 ± 3.81,2 14.0 ± 3.41,2  < .001
PTSD* 34.7 ± 21.23,4,5 26.0 ± 16.83,4,5 15.6 ± 14.31,2 10.8 ± 11.71,2 10.2 ± 12.91,2  < .001
Extraversion* 38.5 ± 7.13,4,5 38.4 ± 5.93,4,5 42.5 ± 5.31,2 43.6 ± 6.41,2 42.8 ± 7.21,2  < .001
Conscientiousness* 44.1 ± 7.5 41.5 ± 6.23,4,5 45.6 ± 5.82 46.5 ± 5.42 47.4 ± 6.02  < .001
ASD (yes) 9 (22.5)‡ 3 (10.0) 4 (5.4) 2 (2.6) 0 (0) .001
GCS* 14.8 ± 0.6 14.3 ± 1.5 14.9 ± 0.4 14.7 ± 0.8 14.6 ± 0.9 .022
Hospital stay on the 

ICU (yes)
4 (16.0) 7 (35.0) 8 (15.1) 16 (31.4) 1 (4.2) .023

Psychiatric history 7 (17.5) 1 (3.2) 5 (6.0) 2 (2.5) 2 (6.1) .028
Agreeableness* 40.7 ± 4.5 40.1 ± 4.7 42.1 ± 4.9 42.5 ± 3.9 42.2 ± 4.3 .054
LOS* 5.6 ± 6.0 5.8 ± 6.0 4.5 ± 4.6 5.6 ± 6.7 1.8 ± 1.3 .057
Age* 50.5 ± 16.8 49.5 ± 14.7 56.3 ± 16.2 55.9 ± 15.3 52.5 ± 15.1 .117
Living together (yes) 27 (69.2) 25 (80.6) 71 (86.6) 69 (86.3) 28 (84.8) .147
Sex (male) 20 (50.0) 16 (51.6) 51 (61.4) 57 (71.3) 21 (63.6) .147
Paid job (yes) 20 (51.3) 17 (54.8) 50 (60.2) 46 (57.5) 26 (78.8) .157
Education (high) 12 (32.4) 9 (29.0) 24 (31.6) 34 (46.6) 18 (56.3) .176
Surgery (yes) 9 (37.5) 7 (35.0) 13 (24.5) 11 (21.6) 3 (13.0) .275
ISS* 6.8 ± 6.9 8.7 ± 10.0 6.9 ± 7.1 6.9 ± 6.2 4.9 ± 5.2 .327
Hospital stay (yes) 25 (62.5) 20 (64.5) 53 (63.9) 51 (63.8) 24 (72.7) .898
Openness* 36.4 ± 7.8 36.8 ± 5.0 34.7 ± 6.3 35.0 ± 5.5 36.6 ± 6.6 .284

Characteristics Social relationships

Trajectory 1: Very 
poor

Trajectory 2: Fair Trajectory 3: Good Trajectory 4: Very 
good

Trajectory 5: Excel-
lent

p-value

9 (3.5) 88 (32.9) 44 (16.6) 91 (34.1) 35 (13.0)

Anxiety* 12.3 ± 2.33,4,5 8.8 ± 4.53,4,5 6.3 ± 4.41,2 5.4 ± 4.41,2 4.8 ± 4.41,2  < .001
Depressive symp-

toms*
8.1 ± 2.43,4,5 5.8 ± 2.64,5 5.4 ± 2.61,5 4.6 ± 2.41,2 3.3 ± 2.01,2,3  < .001

Neuroticism* 40.4 ± 8.02,3,4,5 32.3 ± 7.31,3,4,5 27.7 ± 6.01,2 26.7 ± 7.81,2 23.1 ± 6.61,2  < .001
Trait anxiety* 28.3 ± 5.22,3,4,5 10.1 ± 6.31,3,4,5 16.2 ± 4.41,2 16.0 ± 5.31,2 13.1 ± 3.31,2  < .001
PTSD* 36.7 ± 21.43,4,5 24.4 ± 18.73,4,5 13.0 ± 12.81,2 13.4 ± 15.11,2 11.2 ± 11.51,2  < .001
Extraversion* 33.6 ± 8.73,4,5 39.8 ± 5.94,5 42.6 ± 5.31 43.2 ± 6.31,2 44.7 ± 7.51,2  < .001
Conscientiousness* 38.7 ± 10.54,5 44.1 ± 6.45 44.8 ± 4.5 46.9 ± 6.01,2 47.2 ± 4.91  < .001
ASD 3 (37.5)‡ 11 (12.9)‡ 1 (2.6) 3 (3.0)‡ 0 (0)  < .001
Agreeableness* 40.9 ± 4.6 40.4 ± 4.1 42.2 ± 4.0 42.8 ± 4.6 41.6 ± 5.4 .005
Education (high) 3 (37.5) 23 (26.7) 16 (38.1) 47 (49.5) 8 (44.4) .053
Age* 45.3 ± 16.7 52.1 ± 15.3 59.5 ± 16.2 54.3 ± 16.4 52.7 ± 15.0 .063
Psychiatric history 2 (25.0) 8 (9.0) 3 (6.8) 3 (2.8) 1 (5.6) .090
Sex (male) 4 (50.0) 62 (69.7) 30 (68.2) 58 (53.7) 11 (61.1) .161
ISS* 2.9 ± 2.8 6.9 ± 7.5 8.1 ± 7.8 6.3 ± 6.4 8.6 ± 6.7 .231
Living together (yes) 6 (75.0) 69 (79.3) 41 (93.2) 88 (81.5) 16 (88.9) .281
Hospital stay (yes) 4 (50.0) 55 (61.8) 33 (75.0) 67 (62.0) 14 (77.8) .307
Openness* 37.9 ± 4.8 34.7 ± 5.9 36.3 ± 6.5 35.5 ± 6.4 37.2 ± 6.7 .342
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in the Recovery trajectory were more often female patients 
with high education and longer hospital stay, though these 
results were not statistically significant.

The most pronounced differences between the Excellent 
trajectory and Very poor trajectory were found for anxiety, 
depressive symptoms, and trait anxiety. Patients in the Very 
poor trajectory had substantially higher baseline scores on 
anxiety, depressive symptoms, and trait anxiety than patients 
in the Excellent trajectory.

Discussion

To our knowledge, this is the first study that examined QOL 
trajectories and determined sociodemographic, clinical, and 
psychological characteristics of trajectory membership in 
physical trauma patients using a biopsychosocial approach. 
An overall finding is that psychological, but not sociode-
mographic or clinical aspects, defined trajectories. Further-
more, four latent trajectories were found for psychological 
health and environment, five for physical health and social 
relationships, and seven trajectories for overall QOL and 
general health. This study showed that patients at risk for 
impaired QOL can be identified at baseline based on symp-
toms of anxiety, depressive symptoms, acute stress disor-
der, post-traumatic stress disorder, Neuroticism, and trait 
anxiety and in general not on sociodemographic or clinical 
characteristics.

Although earlier research focused on improvement of 
HRQoL or HS [18, 21, 22, 50], the present study is the first 
to examine recovery on QOL domains. A Recovery trajec-
tory was not found for the separate domains, but only for 
overall QOL and general health. At baseline, these patients 
had significantly less PTSD, depressive symptoms, Neuroti-
cism, and trait anxiety than patients who did not improve 
their QOL during 12-months follow-up. Patients in the 
Recovery trajectory also showed significantly higher scores 
on Extraversion (at baseline) than patients in other trajecto-
ries. Finally, patients showing a Recovery trajectory more 
were often female patients, higher educated, and they had 
a longer hospital stay, than patients from other QOL tra-
jectories. However, these results failed to reach statistical 
significance. Even though, these latter findings should be 
interpreted with caution, they may be interesting areas of 
future research.

Previous research identified psychological character-
istics (e.g., anxiety, depressive symptoms, and PTSD) for 
impaired QOL [4, 9, 16], which were also relevant in this 
study. Compared to other trajectories, Very poor or Poor 
trajectories were characterized by ASD at baseline. This was 
also confirmed by the result that experiencing ASD symp-
toms is strongly related to impaired QOL [51]. A high score 
on the MINI-Plus does not necessarily mean that someone is 
diagnosed with ASD, because such a diagnosis requires the 
presence of symptoms on all domains (i.e., intrusion, nega-
tive emotions, dissociation, avoidance, and arousal). There-
fore, ASD was used as a dichotomous variable. However, 

Number of patients (percentages) are provided for categorical variables
PTSD post-traumatic stress disorder, ASD acute stress disorder, LOS length of stay, ISS injury severity score, GCS Glasgow Coma Score, ICU 
intensive care unit
*Means ± standard deviations. Missing data were not included in calculating percentages
‡ ,1,2,3,4,5A significant difference between the specified class(es). Using a Holm adjusted significance level, significant p-values for differences in a 
characteristic between all classes are shown in bold. Ranking of characteristics is based on p-value (low–high)

Table 3  (continued)

Characteristics Social relationships

Trajectory 1: Very 
poor

Trajectory 2: Fair Trajectory 3: Good Trajectory 4: Very 
good

Trajectory 5: Excel-
lent

p-value

9 (3.5) 88 (32.9) 44 (16.6) 91 (34.1) 35 (13.0)

Paid job (yes) 3 (37.5) 56 (63.6) 22 (50.0) 66 (61.1) 12 (66.7) .357
Surgery (yes) 0 (0) 12 (21.8) 11 (33.3) 16 (24.6) 4 (28.6) .568
GCS* 14.9 ± 0.4 14.7 ± 0.9 14.8 ± 0.4 14.7 ± 0.8 14.6 ± 1.2 .716
LOS* 1.7 ± 1.2 4.9 ± 5.6 4.7 ± 4.5 4.6 ± 5.6 5.8 ± 7.4 .824
Hospital stay on the 

ICU (yes)
0 (0) 13 (23.6) 7 (21.2) 13 (19.4) 3 (21.4) .843
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the other characteristics were used as continuous variables, 
because they indicate symptom severity. In addition, infor-
mation about the relation between ASD on QOL is scarce, 
possibly because ASD is a relatively new diagnosis and less 
studied compared to PTSD [52]. Therefore, more research 
is needed that examines ASD in relation to QOL. Moreover, 
in line with previous studies, the association between per-
sonality traits and QOL was confirmed [53–55]. Regarding 
Very poor or Poor trajectories in all domains, patients scored 
higher on Neuroticism and trait anxiety and lower on Extra-
version compared to other trajectories. Different results were 
found for Conscientiousness and Agreeableness. Surpris-
ingly, except for high education in environment trajectory, 
no sociodemographic (e.g., female sex) and clinical charac-
teristics were found as risk factors for impaired QOL, which 
is contrary with earlier research [12, 15, 17, 18].

A major strength and study implication is that it iden-
tified patients at risk for impaired QOL. This knowledge 
will help clinicians to screen patients in an early stage, for 
example, on the emergency department or department of 
surgery, by using the Psychosocial Screening Instrument for 
physical Trauma patients (PSIT) [56]. In addition, the tra-
jectories seemed to be stable during 12 months after trauma. 
However, RMLCA evaluates characteristics of individuals 
and not whether a change in development of symptoms 
is statistically significant. Therefore, interpretation of the 
course of trajectories can be evaluated using repeated-meas-
ures ANOVA or mixed-models ANOVA (in case of > two 
groups). The fact that most identified trajectories did not 
involve change over time suggests that QOL at baseline 
is almost the same 12  months after trauma. Therefore, 
patients can also be asked about their QOL almost directly 
after trauma, as this implies QOL 12 months post-trauma. 
Then, patients can be treated to prevent a psychological 
disorder. Concerning trajectories of social relationships, 
patients seemed to rate their social relationships better than 
the norm scores. A reason could be that trauma patients, 
who are dependent on others, rate their QOL better when 
they experienced being supported by their relatives than 
patients who are not dependent of others and receive less 
support. Unfortunately, Hawthorn et al. (2006) did not pro-
vide norm scores for overall QOL and general health [29]. 
However, trajectories for overall QOL and general health 
were indicated based on the labels provided for the other 
domains. Also, to the best to our knowledge, this was the 
first study that examined QOL domains after a physical 
trauma. Because of inconclusive results regarding recovery 
trajectories, more research is needed that examines QOL 

domains. Also, pre-injury HRQOL [57] or HS [58, 59] was 
likely to be a predictor of post-trauma HRQOL and HS. It 
is still unclear whether pre-injury QOL could be a predic-
tor for post-trauma QOL. In addition, future research could 
also focus on sociodemographic and clinical characteristics 
to determine which characteristics mostly influence QOL 
trajectories and to clarify inconsistent results.

Some limitations must be taken into account. First, as 
this hospital is a level-1 trauma center, only severely injured 
patients were included [1]. This may limit the generaliz-
ability to other severely injured patients from other level-1 
trauma centers or less severely injured patients from level-2 
or -3 hospitals. Also, the observed differences in characteris-
tics of responders and non-responders suggest that selection 
bias might have occurred. Second, the response rate was 
27%. Main reason to decline participation was that patients 
were not interested, because they did not experience any 
physical or psychological problems after trauma. In contrast, 
participation could be difficult, because patients could be 
faced with their problems or (physical) limitations. Further-
more, concerning our dropout rates, it is likely that patients 
who were fully recovered were probably less interested to 

Fig. 2  a. Trajectories of physical health. WHOQOL-Bref World 
Health Organization Quality of Life assessment instrument-Bref. 
Notes: Class means are shown. A higher score indicates a better qual-
ity of life. Number of patients and percentages are shown of the sam-
ple included in each class. Norm scores are provided for Very poor 
QOL, Fair QOL, Good QOL, Very good QOL, and Excellent QOL. 
b. Trajectories of Psychological health. WHOQOL-Bref World Health 
Organization Quality of Life assessment instrument-Bref. Notes: 
Class means are shown. A higher score indicates a better quality 
of life. Number of patients and percentages are shown of the sam-
ple included in each class. Norm scores are provided for Poor QOL, 
Good QOL, Very good QOL, and Excellent QOL c. Trajectories of 
Social relationships. WHOQOL-Bref World Health Organization 
Quality of Life assessment instrument-Bref. Notes: Class means are 
shown. A higher score indicates a better quality of life. Number of 
patients and percentages are shown of the sample included in each 
class. Norm scores are provided for Very poor QOL, Fair QOL, Good 
QOL, Very good QOL, and Excellent QOL. d. Trajectories of Envi-
ronment. WHOQOL-Bref World Health Organization Quality of Life 
assessment instrument-Bref. Notes: Class means are shown. A higher 
score indicates a better quality of life. Number of patients and per-
centages are shown of the sample included in each class. Norm scores 
are provided for Poor QOL, Good QOL, Very good QOL, and Excel-
lent QOL. e. Trajectories of Overall QOL and general health. WHO-
QOL-Bref World Health Organization Quality of Life assessment 
instrument-Bref, QOL: quality of life. Notes: Class means are shown. 
A higher score indicates a better quality of life. Number of patients 
and percentages are shown of the sample included in each class

▸
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Table 4  Sociodemographic, clinical, and psychological characteristics for the four trajectories of psychological health and environment

Characteristics Psychological health

Trajectory 1:
Poor

Trajectory 2: Good Trajectory 3: Very good Trajectory 4: Excellent p-value

34 (12.6) 84 (31.3) 75 (28.0) 42 (15.6)

Anxiety* 11.3 ± 2.52,3,4 9.0 ± 4.21,3,4 4.7 ± 3.81,2 3.9 ± 4.01,2  < .001
Depressive symptoms* 8.1 ± 2.12,3,4 5.7 ± 2.41,3,4 4.0 ± 2.11,2 4.2 ± 2.31,2  < .001
Neuroticism* 39.1 ± 6.32,3,4 31.3 ± 6.41,3,4 25.8 ± 6.51,2 23.4 ± 5.91,2  < .001
Trait anxiety* 26.4 ± 6.52,3,4 18.7 ± 4.61,3,4 14.6 ± 3.11,2 13.2 ± 2.91,2  < .001
PTSD* 37.6 ± 21.22,3,4 20.4 ± 14.91,3,4 9.9 ± 11.51,2,4 11.7 ± 13.71,2  < .001
Extraversion* 36.0 ± 6.02,3,4 41.4 ± 5.91,4 42.3 ± 5.91 45.0 ± 6.31,2  < .001
Conscientiousness* 41.6 ± 7.83,4 44.3 ± 6.14 46.0 ± 5.31 48.3 ± 5.01,2  < .001
ASD (yes) 10 (28.6)‡ 7 (7.9) 0 (0)‡ 1 (1.8)  < .001
Agreeableness* 39.5 ± 4.7 41.6 ± 4.1 42.1 ± 4.5 42.9 ± 4.6 .004
Psychiatric history 21 (60.0) 53 (57.6) 51 (65.4) 40 (64.5) .005
Age* 47.6 ± 16.4 52.0 ± 16.4 57.4 ± 15.4 56.5 ± 15.2 .008
Education (high) 8 (23.5) 29 (33.3) 33 (46.5) 27 (47.4) .010
Living together (yes) 23 (65.7) 76 (84.4) 68 (87.2) 53 (58.8) .032
Paid job (yes) 17 (48.6) 59 (64.8) 46 (59.0) 37 (59.7) .421
GCS* 14.9 ± 0.6 14.6 ± 1.0 14.7 ± 0.8 14.8 ± 0.8 .455
ISS* 5.5 ± 6.5 6.9 ± 7.7 6.7 ± 6.6 7.7 ± 6.7 .521
Sex (male) 21 (60) 53 (57.6) 51 (65.4) 40 (64.5) .717
LOS* 4.5 ± 4.9 5.2 ± 5.4 5.0 ± 6.3 4.0 ± 5.0 .743
Hospital stay (yes) 21 (60.0) 58 (63.0) 51 (65.4) 43 (69.4) .788
Openness* 35.1 ± 5.5 35.9 ± 6.8 35.3 ± 6.7 35.5 ± 5.2 .904
Surgery (yes) 4 (20.0) 15 (25.9) 13 (26.0) 11 (25.6) .956
Hospital stay on the ICU (yes) 4 (19.0) 13 (22.4) 10 (19.6) 9 (20.9) .981

Characteristics Environment

Trajectory 1: Poor Trajectory 2: Good Trajectory 3: Very good Trajectory 4: Excellent p-value

45 (16.8) 78 (29.0) 89 (33.4) 55 (20.7)

Anxiety* 9.7 ± 4.03,4 7.9 ± 4.43,4 6.0 ± 4.61,2 4.3 ± 4.41,2  < .001
Depressive symptoms* 7.3 ± 2.52,3,4 5.4 ± 2.51,3,4 4.4 ± 2.41,2 4.2 ± 2.01,2  < .001
Neuroticism* 37.3 ± 7.4,2,3,4 29.3 ± 7.01,4 26.8 ± 6.81 24.8 ± 6.6 1,2  < .001
Trait anxiety* 24.3 ± 6.92,3,4 17.4 ± 5.11 15.7 ± 4.31 13.7 ± 3.11  < .001
PTSD (IES-R)* 33.5 ± 20.92,3,4 19.0 ± 15.71,3,4 12.3 ± 12.21,2 10.6 ± 13.51,2  < .001
Extraversion* 37.9 ± 5.72,3,4 41.9 ± 6.21 42.4 ± 6.11 43.8 ± 7.01  < .001
Conscientiousness* 42.2 ± 7.42,3,4 45.3 ± 6.31 45.9 ± 5.11 47.3 ± 5.81  < .001
ASD (yes) 11 (24.4)‡ 5 (6.9) 1 (1.3)‡ 1 (1.9)  < .001
Agreeableness* 38.6 ± 3.82,3,4 41.8 ± 4.21 42.9 ± 4.31 42.6 ± 4.71  < .001
Education (high) 6 (13.6)‡ 18 (25.4)‡ 39 (50.0)‡ 34 (60.7)‡  < .001
Psychiatric history 8 (17.4) 3 (3.8) 5 (5.9) 1 (1.7) .006
Age* 47.5 ± 16.3 54.2 ± 16.7 55.7 ± 16.6 56.6 ± 13.3 .017
ISS* 4.6 ± 6.9 7.1 ± 7.7 6.8 ± 6.4 8.3 ± 6.8 .065
Paid job (yes) 21 (46.7) 43 (55.1) 55 (64.7) 40 (69.0) .078
Openness* 35.1 ± 6.4 34.3 ± 6.5 35.9 ± 6.4 37.0 ± 5.4 .078
GCS* 14.9 ± 0.5 14.7 ± 0.7 14.6 ± 1.1 14.7 ± 0.8 .206
Hospital stay (yes) 24 (52.2) 50 (64.1) 59 (69.4) 40 (69.0) .215
Living together (yes) 33 (73.3) 66 (85.7) 70 (82.4) 51 (87.9) .220
ICU 3 (12.5) 14 (28.0) 10 (16.9) 9 (22.5) .365
Sex (male) 26 (56.5) 52 (66.7) 50 (58.8) 37 (63.8) .628
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complete follow-up measurements compared to patients who 
still experienced problems with functioning. This could also 
be the reason for the sparse data in the cross tables com-
paring the ASD diagnoses between the trajectory classes. 
Since this sparsity resulted in extremely large odds ratios, 
we expressed these associations using the phi coefficient. In 
addition, two kinds of missingness were taken into account. 
First, missing values on the dependent variables (i.e., WHO-
QOL-BREF) were handled through full information maxi-
mum likelihood estimation using Latent Gold software. This 
method is appropriate when one or two follow-up measure-
ments are missing from a participant. The second method 
focussed on single missing item scores of the IES-R and the 
HADS, which were imputed with individual subscale means 
when at least half of the subscale items were answered [34, 
44, 45]. However, overestimation of item variation and a 
lower Cronbach’s alpha of the scale from that item could 
occur [60]. Furthermore, the risk factors for QOL were inter-
preted in terms of correlation and this interpretation did not 
imply causation [61]. Another limitation is that this study 
was largely based on self-reported questionnaires. A PTSD 
diagnosis could not solely rely on self-report questionnaire, 

as a consultation from a health psychologist or psychiatrist 
is needed to be diagnosed with PTSD. Therefore, interpreta-
tion of such a diagnosis must be done with caution. Finally, 
no significant changes in trajectories were observed during 
12 months post-injury. Since the strength of RMLCA had 
been to identify how many patterns of responses (i.e., trajec-
tories of QOL) are present in the data and how these patterns 
are characterized over multiple time points [24]. Therefore, 
instead of screening patients on risk factors (e.g., ASD, anxi-
ety, depressive symptoms, or personality traits), HCPs could 
ask them about their needs, perspectives, and satisfaction 
with QOL almost directly after trauma (at baseline). Future 
research could focus on the need and the impact of further 
additional care, from a social worker or registered health 
psychologist, on patients’ recovery and QOL [62].

Conclusion

The present study demonstrates that psychological char-
acteristics influence the development of QOL during 
12 months after trauma. These findings can enable HCPs 

Number of patients (percentages) are provided for categorical variables
PTSD post-traumatic stress disorder, ASD acute stress disorder, LOS length of stay, ISS injury severity score, GCS Glasgow Coma Score, ICU 
intensive care unit
*Means ± standard deviations. Missing data were not included in calculating percentages
‡,1,2,3,4 A significant difference between the specified class(es). Using a Holm adjusted significance level, significant p-values for differences in a 
characteristic between all classes are shown in bold. Ranking of characteristics is based on p-value (low–high)

Table 4  (continued)

Characteristics Environment

Trajectory 1: Poor Trajectory 2: Good Trajectory 3: Very good Trajectory 4: Excellent p-value

45 (16.8) 78 (29.0) 89 (33.4) 55 (20.7)

LOS* 4.5 ± 4.6 5.1 ± 5.4 5.1 ± 6.2 4.0 ± 5.1 .755
Surgery (yes) 5 (21.7) 14 (28.6) 16 (27.1) 8 (20.0) .769
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Table 5  Sociodemographic, clinical, and psychological characteristics for the seven trajectories of overall quality of life and general health

Number of patients (percentages) are provided for categorical variables
PTSD post-traumatic stress disorder, ASD acute stress disorder, LOS length of stay, ISS injury severity score, GCS Glasgow Coma Score, ICU 
intensive care unit
*Means ± standard deviations. Missing data were not included in calculating percentages
‡,1,2,3,4,5,6,7  A significant difference between the specified class(es). Using a Holm adjusted significance level, significant p-values for differences 
in a characteristic between all classes are shown in bold. Ranking of characteristics is based on p-value (low–high)

Characteris-
tics

Overall quality of life and general health

Trajectory 1:
Very poor

Trajectory 2: 
Recovery

Trajectory 3: 
Poor

Trajectory 4: 
Fair

Trajectory 5: 
Good

Trajectory 6:
Very good

Trajectory 7: 
Excellent

p-value

47 (17.5) 20 (7.5) 57 (21.1) 47 (17.6) 23 (8.6) 65 (24.4) 8 (3.1)

Anxiety* 9.6 ± 3.54,5,6,7 7.6 ± 3.66 9.0 ± 4.65,6,7 6.5 ± 5.01,6 5.8 ± 3.81,3 3.7 ± 3.91,2,3,4 3.9 ± 3.81,3  < .001
Depressive 

symptoms*
7.6 ± 2.32,3,4,5,6,7 5.4 ± 2.31 5.2 ± 2.41 4.7 ± 2.71 4.3 ± 2.11 4.1 ± 2.11 4.3 ± 2.01  < .001

Neuroticism* 35.8 ± 7.92,3,4,5,6,7 28.1 ± 7.11 31.3 ± 8.01,4,6 26.2 ± 6.51,3 27.4 ± 4.91 24.7 ± 6.71,3 25.4 ± 7.41  < .001
Trait anxiety* 23.4 ± 7.52,3,4,5,6,7 17.5 ± 5.21 19.0 ± 4.71,4,5,6,7 14.6 ± 3.91,3 14.1 ± 2.51,3 14.4 ± 4.01,3 13.6 ± 3.71,3  < .001
PTSD* 33.3 ± 21.82,3,4,5,6,7 14.4 ± 14.01 20.2 ± 14.91,5,6 15.7 ± 14.21 8.3 ± 11.31,3 10.9 ± 11.81,3 8.6 ± 12.11  < .001
Extraversion* 38.1 ± 6.22,6 44.6 ± 6.01 40.8 ± 5.9 42.1 ± 6.7 42.6 ± 5.0 43.8 ± 6.61 43.7 ± 7.7  < .001
ASD (yes) 13 (27.1)‡ 1 (5.6) 1 (1.9) 2 (5.6) 1 (3.8) 0 (0)‡ 0 (0)  < .001
Conscien-

tiousness*
43.0 ± 7.2 46.4 ± 6.6 44.2 ± 5.6 45.1 ± 6.7 47.5 ± 3.9 47.0 ± 5.4 46.9 ± 8.1 .004

Psychiatric 
history

9 (18.8) 1 (5.6) 4 (6.8) 2 (5.3) 0 (0) 1 (1.5) 0 (0) .007

Education 
(high)

11 (24.4) 11 (68.8) 14 (24.1) 13 (39.4) 11 (40.7) 32 (52.5) 5 (55.6) .013

Sex (male) 26 (54.2) 6 (33.3) 37 (62.7) 26 (68.4) 23 (82.1) 43 (64.2) 4 (44.4) .026
LOS* 5.3 ± 5.3 8.7 ± 6.8 5.6 ± 7.2 3.9 ± 3.1 5.6 ± 7.7 3.0 ± 2.8 2.3 ± 1.5 .035
Age* 50.7 ± 17.2 50.7 ± 13.2 53.1 ± 16.1 60.3 ± 11.5 54.5 ± 17.1 54.7 ± 17.9 52.3 ± 10.8 .176
Agreeable-

ness*
40.3 ± 4.3 41.4 ± 5.0 41.6 ± 5.0 42.1 ± 4.8 41.5 ± 3.5 42.8 ± 4.2 42.7 ± 3.6 .180

Paid job (yes) 22 (46.8) 14 (77.8) 36 (61.0) 21 (55.3) 19 (67.9) 40 (59.7) 7 (77.8) .235
Hospital stay 

on the ICU 
(yes)

8 (25.8) 3 (25.0) 7 (20.0) 3 (10.7) 7 (38.9) 6 (14.0) 2 (33.3) .260

Living 
together 
(yes)

34 (72.3) 16 (88.9) 49 (83.1) 31 (83.8) 26 (92.9) 56 (83.6) 8 (88.9) .378

ISS* 6.8 ± 8.3 10.1 ± 7.8 6.3 ± 7.3 6.6 ± 5.5 7.5 ± 7.2 6.2 ± 6.0 7.4 ± 7.9 .541
GCS* 14.6 ± 1.0 14.4 ± 1.3 14.8 ± 0.8 14.8 ± 0.5 14.8 ± 0.5 14.7 ± 0.8 14.6 ± 0.7 .597
Surgery (yes) 7 (23.3) 4 (33.3) 8 (22.9) 8 (28.6) 6 (35.3) 10 (23.3) 0 (0) .707
Openness* 34.6 ± 6.4 37.1 ± 8.5 35.2 ± 6.1 35.6 ± 5.7 34.8 ± 6.0 36.1 ± 6.0 36.8 ± 7.2 .744
Hospital stay 

(yes)
43 (64.2) 12 (66.7) 35 (59.3) 28 (73.7) 18 (64.3) 43 (64.2) 6 (66.7) .906
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to identify patients at risk of impaired QOL. Then, they can 
offer patient-centered care and, subsequently, patients’ QOL 
after trauma could be improved.

Acknowledgments We thank all patients for their participation. Also, 
we gratefully acknowledge Elisa Hoogendoorn-Walis, Tessa Faber, and 
Erica Scholten for their help in data collection.

Author contributions All authors made substantial contributions to 
conception and design, and/or acquisition of data, and/or analysis and 
interpretation of data. All authors participated in drafting the article 
or revising it critically for important intellectual content gave final 
approval of the version to be submitted and any revised version.

Funding This study was supported by a grant (80-84200-98-15213) 
of the Dutch organization for health research and care innovation 
(ZonMW) section TopCare projects.

Compliance with ethical standards 

Conflict of interest The authors declare that they have no conflicts of 
interest.

Ethical approval This study (protocol number: NL55386.028.15) 
has been reviewed and approved by the Medical Ethical Committee 
Brabant (METC Brabant) on December 4, 2015. The study has been 
performed in accordance with the ethical standards in the 1964 Dec-
laration of Helsinki and with relevant regulations of the US Health 
Insurance Portability and Accountability Act (HIPAA).

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creat iveco mmons .org/licen ses/by/4.0/.

References

 1. Landelijke Netwerk Acute Zorg (LNAZ). (2019). Annual report 
of the Dutch trauma registry: Traumazorg in beeld 2014-2018.

 2. Havermans, R. J. M., de Jongh, M. A. C., Bemelman, M., van 
Driel, A. P. G., Noordergraaf, G. J., & Lansink, K. W. W. (2019). 
Trauma care before and after optimisation in a level I trauma Cen-
tre: Life-saving changes. Injury, 50(10), 1678–1683.

 3. Gouin, J. P., & Kiecolt-Glaser, J. K. (2011). The impact of psy-
chological stress on wound healing: Methods and mechanisms. 
Immunology and Allergy Clinics of North America, 31(1), 81–93.

 4. Visser, E., Gosens, T., Den Oudsten, B. L., & De Vries, J. (2017). 
The course, prediction and treatment of acute and post-traumatic 
stress in trauma 223 patients: A systematic review. The Journal 
of Trauma and Acute Care Surgery, 82(6), 1158–1183.

 5. Clay, F. J., Newstead, S. V., Watson, W. L., & McClure, R. J. 
(2010). Determinants of return to work following non life 

threatening acute orthopaedic trauma: A prospective cohort study. 
Journal of Rehabilitation Medicine, 42(2), 162–169.

 6. Clay, F. J., Newstead, S. V., Watson, W. L., Ozanne-Smith, J., Guy, 
J., & McClure, R. J. (2010). Bio-psychosocial determinants of per-
sistent pain 6 months after non-life-threatening acute orthopaedic 
trauma. The Journal of Pain: Official Journal of the American 
Pain Society, 11(5), 420–430.

 7. Archer, K., Castillo, R., Abraham, C., Heins, S., Obremskey, W., 
& Wegener, S. (2014). Development of a multidimensional post-
operative pain scale (MPOPS) for the hospital setting. Journal of 
Pain, 15, S1.

 8. Wilson, K., von der Heyde, R., Sparks, M., Hammerschmidt, K., 
Pleimann, D., Ranz, E., et al. (2014). The impact of demographic 
factors and comorbidities on distal radius fracture outcomes. Hand 
(New York, N.Y.), 9(1), 80–86.

 9. van Delft-Schreurs, C. C., van Bergen, J. J., de Jongh, M. A., van 
de Sande, P., Verhofstad, M. H., & de Vries, J. (2014). Quality of 
life in severely injured patients depends on psychosocial factors 
rather than on severity or type of injury. Injury, 45(1), 320–326.

 10. Bhandari, M., Busse, J. W., Hanson, B. P., Leece, P., Ayeni, O. R., 
& Schemitsch, E. H. (2008). Psychological distress and quality 
of life after orthopedic trauma: an observational study. Canadian 
Journal of Surgery, 51(1), 15–22.

 11. Holbrook, T. L., Anderson, J. P., Sieber, W. J., Browner, D., & 
Hoyt, D. B. (1999). Outcome after major trauma: 12-month and 
18-month follow-up results from the Trauma Recovery Project. 
The Journal of Trauma, 46(5), 765–71; discussion 771–3.

 12. Holbrook, T. L., & Hoyt, D. B. (2004). The impact of major 
trauma: quality-of-life outcomes are worse in women than in men, 
independent of mechanism and injury severity. The Journal of 
Trauma, 56(2), 284–290.

 13. Michaels, A. J., Michaels, C. E., Smith, J. S., Moon, C. H., Peter-
son, C., & Long, W. B. (2000). Outcome from injury: General 
health, work status, and satisfaction 12 months after trauma. The 
Journal of trauma, 48(5), 841–850.

 14. Haagsma, J. A., Polinder, S., Olff, M., Toet, H., Bonsel, G. J., 
& van Beeck, E. F. (2012). Posttraumatic stress symptoms and 
health-related quality of life: A two year follow up study of 
injury treated at the emergency department. BMC Psychiatry, 12, 
1-244X-12-1.

 15. de Munter, L., Polinder, S., van de Ree, C. L. P., Kruithof, N., 
Lansink, K. W. W., Steyerberg, E. W., et al. (2019). Predicting 
health status in the first year after trauma. The British Journal of 
Surgery, 106(6), 701–710.

 16 Danielsson, F. B., Schultz Larsen, M., NÃ¸rgaard, B., & Lauritsen, 
J. M. (2018). Quality of life and level of post-traumatic stress 
disorder among trauma patients: A comparative study between 
a regional and a university hospital. Scandinavian Journal of 
Trauma, Resuscitation and Emergency Medicine, 26(1), 44.

 17. van Delft-Schreurs, C. C. H. M., van Son, M. A. C., de Jongh, 
M. A. C., Lansink, K. W. W., de Vries, J., & Verhofstad, M. H. 
J. (2017). The relationship between physical and psychological 
complaints and quality of life in severely injured patients. Injury, 
48(9), 1978–1984.

 18. Gabbe, B. J., Simpson, P. M., Cameron, P. A., Ponsford, J., Lyons, 
R. A., Collie, A., et al. (2017). Long-term health status and tra-
jectories of seriously injured patients: A population-based longi-
tudinal study. PLoS Medicine, 14(7), e1002322.

 19. Hamming, J. F., & De Vries, J. (2007). Measuring quality of life. 
The British Journal of Surgery, 94(8), 923–924.

 20. Moergeli, H., Wittmann, L., & Schnyder, U. (2012). Quality of 
life after traumatic injury: A latent trajectory modeling approach. 
Psychotherapy and Psychosomatics, 81(5), 305–311.

 21. Casey, P. P., Feyer, A. M., & Cameron, I. D. (2015). Course of 
recovery for whiplash associated disorders in a compensation set-
ting. Injury, 46(11), 2118–2129.

http://creativecommons.org/licenses/by/4.0/


1334 Quality of Life Research (2021) 30:1317–1335

1 3

 22. Kenardy, J., Heron-Delaney, M., Hendrikz, J., Warren, J., Edmed, 
S. L., & Brown, E. (2017). Recovery trajectories for long-term 
health-related quality of life following a road traffic crash injury: 
Results from the UQ SuPPORT study. Journal of Affective Dis-
orders, 214, 8–14.

 23. Zarzaur, B. L., & Bell, T. (2016). Trajectory subtypes after injury 
and patient-centered outcomes. The Journal of Surgical Research, 
202(1), 103–110.

 24. Vermunt, J. K., & Magidson, J. (2002). Latent class cluster analy-
sis. Applied Latent Class Analysis, 11, 89–106.

 25. The WHOQOL Group. (1998). The World Health Organization 
Quality of Life Assessment (WHOQOL): Development and gen-
eral psychometric properties. Social Science & Medicine, 46(12), 
1569–1585.

 26. Visser, E., Gosens, T., Den Oudsten, B., & De Vries, J. (2018). 
Physical trauma patients with symptoms of an acute and posttrau-
matic stress disorder: Protocol for an observational prospective 
cohort study. JMIR Research Protocols, 7(3), e88.

 27. von Elm, E., Altman, D. G., Egger, M., Pocock, S. J., Gotzsche, P. 
C., Vandenbroucke, J. P., et al. (2007). Strengthening the Report-
ing of Observational Studies in Epidemiology (STROBE) state-
ment: Guidelines for reporting observational studies. BMJ (Clini-
cal Research Ed.), 335(7624), 806–808.

 28. The WHOQOL Group. (1998). Development of the World Health 
Organization WHOQOL-BREF quality of life assessment. Psy-
chological Medicine, 28(3), 551–558.

 29. Hawthorne, G., Herrman, H., & Murphy, B. (2006). Interpreting 
the WHOQOL-Bref: Preliminary population norms and effect 
sizes. Social Indicators Research, 77(1), 37–59.

 30. Skevington, S. M., Lotfy, M., O’Connell, K. A., & WHOQOL 
Group. (2004). The World Health Organization’s WHOQOL-
BREF quality of life assessment: psychometric properties and 
results of the international field trial. A report from the WHOQOL 
group. Quality of Life Research, 13(2), 299–310.

 31. Trompenaars, F. J., Masthoff, E. D., Van Heck, G. L., Hodiamont, 
P. P., & De Vries, J. (2005). Content validity, construct validity, 
and reliability of the WHOQOL-Bref in a population of Dutch 
adult psychiatric outpatients. Quality of Life Research: An Inter-
national Journal of Quality of Life Aspects of Treatment, Care and 
Rehabilitation, 14(1), 151–160.

 32. Kruithof, N., Haagsma, J. A., Karabatzakis, M., Cnossen, M. C., 
de Munter, L., van de Ree, C. L. P., et al. (2018). Validation and 
reliability of the Abbreviated World Health Organization Quality 
of Life Instrument (WHOQOL-BREF) in the hospitalized trauma 
population. Injury, 49(10), 1796–1804.

 33. American Psychiatric Association. (2014). Handboek voor de 
classificatie van psychische stoornissen (DSM-5). Uitgeverij 
Boom.

 34. Weiss, D. S., & Marmar, C. R. (1997). The impact of event 
scale—revised. Anonymous (pp. 399–411). New York: Guilford 
Press.

 35. Creamer, M., Bell, R., & Failla, S. (2003). Psychometric proper-
ties of the impact of event scale-Revised. Behaviour Research and 
Therapy, 41(12), 1489–1496.

 36. Brom, D., & Kleber, R. J. (1985). De Schok Verwerkings Lijst. 
Nederlands Tijdschrift Psychologie, 40, 164–168.

 37. van der Ploeg, E., Mooren, T. T. M., Kleber, R. J., van der Velden, 
P. G., & Brom, D. (2004). Internal validation of the Dutch version 
of the impact of event scale. Psychological Assessment, 16, 16–26.

 38. Zigmond, A. S., & Snaith, R. P. (1983). The hospital anxiety 
and depression scale. Acta Psychiatrica Scandinavica, 67(6), 
361–370.

 39. Whelan-Goodinson, R., Ponsford, J., & Schonberger, M. (2009). 
Validity of the Hospital Anxiety and Depression Scale to assess 
depression and anxiety following traumatic brain injury as 

compared with the Structured Clinical Interview for DSM-IV. 
Journal of Affective Disorders, 114(1–3), 94–102.

 40. Hoekstra, H., Ormel, J., & de Fruyt, F. (1996). Handleiding NEO 
persoonlijkheidsvragenlijsten NEO-PI-R en NEO-FFI [Manual 
NEO personality questionnaires NEO-PI-R and NEO-FFI]. Lisse: 
Swets Test Services.

 41. Costa PT, M. R. (1992). Revised NEO personality inventory 
(NEO-PI-R) and NEO five factor inventory (NEO-FFI) profes-
sional manual. Odessa: Psychological Assessment Resources Inc.

 42. Haider, A. H., Edwin, D. H., MacKenzie, E. J., Bosse, M. J., Cas-
tillo, R. C., Travison, T. G., et al. (2002). The use of the NEO-five 
factor inventory to assess personality in trauma patients: A two-
year prospective study. Journal of Orthopaedic Trauma, 16(9), 
660–667.

 43. Spielberger, C. D., Gorsuch, R. L., & Lushene, R. E. (1970). STAI 
manual for the state-trait anxiety inventory. Palo-Alto: Consulting 
Psychologists.

 44. Bell, M. L., Fairclough, D. L., Fiero, M. H., & Butow, P. N. 
(2016). Handling missing items in the Hospital Anxiety and 
Depression Scale (HADS): a simulation study. BMC Research 
Notes, 9(1), 479-016-2284-z.

 45. Lin, T. H. (2006). Missing data imputation in quality-of-life 
assessment: imputation for WHOQOL-BREF. PharmacoEconom-
ics, 24(9), 917–925.

 46. Vermunt, J. K., & Magidson, J. (2016). Technical guide for Latent 
GOLD 51: Basic, advanced, and syntax. Belmont, MA: Statistical 
Innovations Inc.

 47. Collins, L. M., & Lanza, S. T. (2010). Latent class and latent 
transition analysis: With applications in the social, behavioral, 
and health sciences. New York: Wiley.

 48. Holm, S. (1979). A simple sequentially rejective multiple test 
procedure. Scandinavian Journal of Statistics, 6, 65–70.

 49. Cohen, J. (1992). A power primer. Psychological Bulletin, 112(1), 
155–159.

 50. Haller, C. S., Delhumeau, C., De Pretto, M., Schumacher, R., Piel-
maier, L., Rebetez, M. M., et al. (2017). Trajectory of disability 
and quality-of-life in non-geriatric and geriatric survivors after 
severe traumatic brain injury. Brain Injury, 31(3), 319–328.

 51. Holbrook, T. L., Hoyt, D. B., Coimbra, R., Potenza, B., Sise, 
M., & Anderson, J. P. (2005). High rates of acute stress disorder 
impact quality-of-life outcomes in injured adolescents: Mecha-
nism and gender predict acute stress disorder risk. The Journal of 
Trauma Injury Infection and Critical Care, 59, 1126–1130.

 52. Bryant, R. A., Friedman, M. J., Spiegel, D., Ursano, R., & Strain, 
J. (2011). A review of acute stress disorder in DSM-5. Depression 
and Anxiety, 28(9), 802–817.

 53. Norup, A., & Mortensen, E. L. (2015). Prevalence and predictors 
of personality change after severe brain injury. Archives of Physi-
cal Medicine and Rehabilitation, 96(1), 56–62.

 54. Van Son, M. A. C., De Vries, J., Zijlstra, W., Roukema, J. A., Gos-
ens, T., Verhofstad, M. H. J., et al. (2017). Trajectories in quality 
of life of patients with a fracture of the distal radius or ankle using 
latent class analysis. Quality of Life Research, 26(12), 3251–3265.

 55. Huang, I. C., Lee, J. L., Ketheeswaran, P., Jones, C. M., Revicki, 
D. A., & Wu, A. W. (2017). Does personality affect health-related 
quality of life? A systematic review. PLoS ONE, 12(3), e0173806.

 56. Karabatzakis, M., Den Oudsten, B. L., Gosens, T., & De Vries, 
J. (2019). Psychometric properties of the psychosocial screening 
instrument for physical trauma patients (PSIT). Health and Qual-
ity of Life Outcomes, 17(1), 172.

 57. Scholten, A. C., Haagsma, J. A., Steyerberg, E. W., van Beeck, E. 
F., & Polinder, S. (2017). Assessment of pre-injury health-related 
quality of life: A systematic review. Population Health Metrics, 
15(1), 10.



1335Quality of Life Research (2021) 30:1317–1335 

1 3

 58. Gelaw, A. Y., Gabbe, B. J., Simpson, P. M., & Ekegren, C. L. 
(2020). Pre-injury health status of major trauma patients with 
orthopaedic injuries. Injury, 51(2), 243–251.

 59. Havermans, R. J. M., de Jongh, M. A. C., de Munter, L., & Lan-
sink, K. W. W. (2020). Longitudinal analysis of health status the 
first year after trauma in severely injured patients. Scandinavian 
Journal of Trauma, Resuscitation and Emergency Medicine, 28(1), 
29.

 60. Lodder, P. (2014). To impute or not impute: That’s the question. In 
G. J. Mellenbergh & H. J. Adèr (Eds.), Advising on research meth-
ods: Selected topics. Huizen: Johannes van Kessel Publishing.

 61. Russo, F. (2015). Causation and correlation in medical science: 
Theoretical problems. In E. S. T. Schramme (Ed.), Handbook of 
the philosophy of medicine. Dordrecht: Springer.

 62. Levett, D. Z. H., & Grimmett, C. (2019). Psychological factors, 
prehabilitation and surgical outcomes: evidence and future direc-
tions. Anaesthesia, 74(Suppl 1), 36–42.

Publisher’s Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.


	Psychological risk factors that characterize the trajectories of quality of life after a physical trauma: a longitudinal study using latent class analysis
	Abstract
	Background 
	Methods 
	Results 
	Discussion 

	Introduction
	Methods
	Patients
	Study design and procedure
	Data collection
	Statistical analysis

	Results
	Trajectories for physical health
	Trajectories for psychological health
	Trajectories for social relationships
	Trajectories for environment
	Trajectories for overall quality of life and general health

	Discussion
	Conclusion
	Acknowledgments 
	References




