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Hypersensitivity to Noise and Light
Over 1 Year After Mild Traumatic Brain
Injury: A Longitudinal Study on
Self-Reported Hypersensitivity and Its
Influence on Long-Term Anxiety,
Depression, and Quality of Life
Marilien C. Marzolla, MSc; Melloney Wijenberg, PhD; Sven Stapert, PhD; Petra Hurks, PhD;
Jan Schepers, PhD; Caroline van Heugten, PhD
Objective: This study aimed to investigate (1) the prevalence of self-reported sensory hypersensitivity (noise [NS] and
light [LS]) over 1 year after mild traumatic brain injury (mTBI) in adults and (2) the impact of NS and LS measured
2 weeks after injury on long-term outcomes 12 months postinjury, while controlling for postconcussion symptoms.
Setting: Participants were recruited from 6 hospitals in the south of the Netherlands and were tested 4 times (2 weeks,
3 months, 6 months, and 12 months postinjury), using self-report questionnaires. Participants: In total, 186 mTBI
participants (diagnosed using WHO [World Health Organization]/EFNS [European Federation of Neurological
Societies] criteria at the neurology/emergency department) and 181 participants with a minor orthopedic injury in
their extremities (control group). Design: An observational, longitudinal, multicenter cohort study. Main Measures:
NS and LS items (Rivermead Post-Concussion Symptoms Questionnaire) were used as main outcome variables to
determine sensory hypersensitivity symptoms. Additional outcomes included anxiety, depression, health-related
quality of life (HRQoL), and life satisfaction. Results: There was an elevated prevalence of NS and LS between 2
weeks and 3 months after injury in the mTBI group compared with controls. Approximately 3% of mTBI patients
had persistent hypersensitivity symptoms during the whole course of the study. At 12 months postinjury, the mTBI
and control groups did not differ in the prevalence of persistent hypersensitivity symptoms. There was no evidence of
a predictive value of hypersensitivity within 2 weeks postinjury on anxiety, depression, HRQoL, or life satisfaction,
12 months later after controlling for postconcussion symptoms. Conclusions: These results not only confirm the
presence of hypersensitivity symptoms after mTBI in the subacute stage but also provide assurance about the small
size of the group that experiences persistent symptoms. Furthermore, there was no evidence that early NS and LS
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are uniquely associated with long-term emotional and quality-of-life outcomes, over and above general levels of
postconcussion symptoms. Key words: anxiety, depression, life satisfaction, light sensitivity, mild traumatic brain injury,
noise sensitivity, postconcussion symptoms, quality of life

M

ILD TRAUMATIC BRAIN INJURY (mTBI)
accounts for 58% to 88% of all traumatic brain
injuries (TBIs).1 It is typically defined by a Glasgow
Coma Scale (GCS) score of 13 to 15 following an acute
brain injury resulting from an external force or blow
to the head.2 Although it has attracted comparatively
little attention in the literature, sensory hypersensitivity
is a commonly reported postconcussion symptom after mTBI3,4 and has been defined by Scheydt et al as
“perceiving a stimulus as an atypical or excessive stimulation that exceeds an individual’s usual level.”5(p115)
Individuals with sensory hypersensitivity report being
easily overwhelmed in stimulus-rich environments,5
which can lead to avoidance behavior, increased social isolation, and decreased quality of life.4,6 Sensory
hypersensitivity after mTBI has been reported across
several sensory modalities; however, most frequently
reported are noise sensitivity (NS) and light sensitivity
(LS).4 From this point onward, sensory hypersensitivity
is referred to as hypersensitivity.
Studies assessing the occurrence of hypersensitivity
after mTBI show varying results, that is, prevalence between 20% and 80%, which could be due to differences
in methodology and definition of concepts.7–10 Besides,
longitudinal studies evaluating the course of symptoms
at more than 2 time points are scarce. In a sample where
NS and LS symptoms were measured 3 times over 12
months, NS increased from 9% to 25% and LS from 6%
to 18%.11 Other studies found decreases of NS and/or
LS over a year from around 46% and 35% to 22%
and 15%, respectively, between 2 weeks and 12 months
postinjury.8,12 However, none of these studies used a
control group (for all time points) and the prevalence
was not always statistically tested.
Therefore, the first aim of the present study was to
investigate hypersensitivity symptoms over a period of
12 months, while measuring symptoms multiple times
(ie, 4 times). Individuals with a minor orthopedic trauma
injury were chosen as the control group because they are
similar to individuals with mTBI in terms of medical
care after their injury and expected benign recovery.
Furthermore, it takes into account that hypersensitivity
is common in the general population, that is, 16% of
individuals in the general population rate themselves as
being more sensitive than others.13,14
Next, hypersensitivity is known as a vulnerability factor that has a substantial impact on short- and long-term
recovery,4,12,15 and individuals with hypersensitivity report greater fatigue, neuroticism, and more negative
emotional states.16 In an mTBI group, NS was positively
correlated with feelings of anxiety and depression,17
and hypersensitivity after mTBI was associated with

poorer health-related quality of life (HRQoL), a selfreport measure referring to the health aspects of quality
of life.6,18,19 Hypersensitivity is known to co-occur with
emotional symptoms8,10 after TBI; however, information is lacking on the predictive value of hypersensitivity.
Subsequently, the second aim of this study was to
investigate the predictive value of hypersensitivity 2
weeks post-mTBI on anxiety, depression, HRQoL, and
life satisfaction, 12 months later while controlling for
postconcussion symptoms.
As such, the following research questions were investigated:
RQ1. What is the course of self-reported NS and LS
symptoms over a period of 12 months in mTBI
patients and controls?
RQ2. Can levels of self-reported NS and LS within the
first 2 weeks postinjury predict anxiety, depression,
HRQoL, and life satisfaction, 12 months postinjury?
MATERIALS AND METHODS
For this prospective, longitudinal, multicenter cohort
study, ethical approval was received from the medical
ethics committee of Maastricht University and Maastricht University Medical Centre (METC 16-4-209).
Data used for the current study were collected as part of
a larger data collection effort for a project investigating
mTBI and fear avoidance behavior.
Participants
Participants were adults who had an mTBI (mTBI
group) and adults who had a minor orthopedic injury
in at least one extremity (control group). The following
inclusion criteria were used for the mTBI group:
1. Aged 18 years or older;
2. Able and willing to provide informed consent;
3. Fluent in Dutch;
4. Diagnosed by their treating healthcare professional
using the WHO (World Health Organization) and
EFNS (European Federation of Neurological Societies) criteria at the neurology or emergency
department,20,21 which include:
• History of impact to the head,
• Glasgow Coma Scale (GCS) score between 13
and 15, 30 minutes after the impact or later at
hospital admission,
• In case of a GCS score of 15, at least one of
the following: loss of consciousness (LOC) (≤30
minutes), posttraumatic amnesia (PTA) (≤24
hours), other transient neurological signs such as
vomiting.

Hypersensitivity to Noise and Light After mTBI
Exclusion criteria for the mTBI group were as follows:
1. A history of neurological disease or injury such as
epilepsy and multiple sclerosis;
2. A history of psychiatric disorders for which hospitalization was needed;
3. Under the influence of illicit substances at the time
of injury or a history of drug addiction; and
4. Use of psychoactive medication known for cognitive (side) effects.
The inclusion and exclusion criteria for the control
group were the same, except for a diagnosis of mTBI.
Participants were instead required to have received a
diagnosis of a minor orthopedic injury in the extremities
(eg, bone fracture or sprain) from a healthcare professional. The injury did not involve the head and there
was no LOC or PTA or transient neurological signs.
Outcome measures
The questionnaires were self-report. Each participant
was tested at 4 time points (within the first 2 weeks, at 3
months, 6 months, and 12 months postinjury).
Noise and light sensitivity
Two items of the Rivermead Post-Concussion Symptoms Questionnaire (RPQ)22 were used to assess NS
and LS. The items were stated as follows: “Compared
to before the accident, do you now (ie, over the last
24 hours) suffer from noise sensitivity, easily upset by loud
noise or light sensitivity, easily upset by bright light. Items
were assessed on a 5-point scale: 0 (not experienced at
all), 1 (not a problem anymore), 2 (a mild problem), 3
(a moderate problem), and 4 (a severe problem). The
use of these single items to investigate these concepts
in mTBI has been reported before,6,23,24 and individual
item reliability lies between 0.70 and 0.94.22 NS and
LS were measured at all 4 time points. Finally, scores
on the other 14 items of the RPQ (within the first
2 weeks) were included in RQ2 as a control measure
for early postconcussion symptoms. For this, the total
score was used for all items except those assessing NS
and LS.
Anxiety and depression
Symptoms of anxiety and depression were assessed
at 12 months postinjury using the Dutch version of
the Hospital Anxiety and Depression Scale (HADS),25
which is a valid and reliable measure for screening depression and anxiety in patients with TBI.26 The HADS
consists of 14 questions divided over 2 subscales: Depression and Anxiety. Scores can range from 0 to 21 per
subscale, with a cutoff score of 8 or higher suggesting
the presence of either depression or anxiety.
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HRQoL
The EuroQoL-5D-5L (EQ-5D-5L)27 assesses HRQoL
on 5 dimensions (mobility, self-care, usual activities,
pain/discomfort, and anxiety/depression) and, per dimension, on 5 levels of severity (ranging from no
problems to unable to do). This was converted into an index
value that can range between 0 and 1, with higher scores
indicating a better health status. A vertical visual analog
scale (VAS) was used to rate current health state ranging
from 0 (worst imaginable health) to 100 (best imaginable
health) (EQ-5D-5L VAS). All questions informed about
the patients’ health status “today.” The EQ-5D-5L exhibits good psychometric properties.28
Life satisfaction
The Utrecht Scale for Evaluation and RehabilitationParticipation (USER-P Satisfaction) was used to measure
satisfaction with participation in life29 and is a valid and
reliable measure for patients with TBI.30,31 Ten items
were scored on a 5-point scale (very unsatisfied to very
satisfied), and the total was converted into 1 outcome
measure ranging from 0 to 100. Higher scores indicate
higher levels of satisfaction.
Procedure
Potential participants were given information about
the study following diagnosis of mTBI or orthopedic injury at one of the 6 recruiting hospitals in the
south of the Netherlands (ie, “Laurentius Ziekenhuis
Roermond,” “Maastricht UMC+,” “St Jans Gasthuis
Weert,” “VieCurie Medisch Centrum Venlo,” “Zuyderland Heerlen,” and “Zuyderland Sittard”). After a
patient expressed interest in the study, a first measurement was scheduled within 2 weeks after the injury (T1 ),
which would take place at the participant’s home or
a different location (ie, university). At this point, the
informed consent was signed, where after the questionnaires were completed in an online testing environment.
The researcher could provide to help navigate this online system. After completing the first measurement,
participants received a notification for the upcoming
follow-ups: after 3 months (T2 ), 6 months (T3 ), and 12
months (T4 ). Participants were given 4 weeks to complete the questionnaires after each time point. NS and
LS were analyzed for all time points, whereas anxiety,
depression, HRQoL and life satisfaction were only analyzed at T4 . The recruitment took place from March
2017 to August 2019 (follow-up until August 2020).
Data analysis
All analyses were conducted in SPSS v.26 for Windows (IBM Corp, Armonk, New York), and assumptions
were checked prior to analysis. Bonferroni corrections
www.headtraumarehab.com
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for multiple comparisons were applied where necessary.
Differences in group characteristics were assessed with
2-sample t tests and chi-squared tests. RQ1 was investigated using 2 binary variables (NS and LS). The presence
of NS and LS was indicated when a participant scored
2 or higher on RPQ items, which is consistent with
other studies.32,33 Detailed description of the answers
given is presented in Supplemental Digital Content 1
Figure (available at: http://links.lww.com/JHTR/A605).
The prevalence of NS and LS was assessed using 2
different methods. First, the number of participants in
each group with NS and LS was calculated at each
time point separately (independent count). Second, the
rate of persistent symptoms was calculated by adding up
the number of participants at each time point who
had reported symptoms at all the previous time points
too. For example, the number reported for persistent
symptoms at T4 reflects the number of participants who
reported symptoms at T4 and also at T1 , T2 , and T3 .
The effects of time and group on NS/LS (independent
count) were studied using GEE (generalized estimation
equations) to account for dependency as a result of the
longitudinal multicenter design of the study. Specifically, a binary logit model was used with an unstructured
correlation matrix. Because of the nature of the analyses,
subjects with incomplete data were not excluded from
TABLE 1

the analyses, that is, no case-wise deletion or any data
imputation was applied.
Subsequently, for persistent symptoms, group differences
were investigated per time point, using mixed logistic regression analysis with a random intercept for “recruiting
center.” If the variance of the random recruiting center
effect was estimated to be zero, a logistic regression was
carried out using group as a binary predictor.
RQ2 was investigated using a linear mixed model, in
which NS and LS measured at T1 and group (mTBI
vs control) were fixed factors, recruiting center was
included as a random factor, and postconcussion symptoms at T1 were included as a covariate (total score of
RPQ, excluding NS and LS items). These linear mixedmodel analyses were performed for each of 5 dependent
variables: HADS Anxiety and HADS Depression, EQ5D-5L scores, and USER-P Satisfaction at T4 . If the
variance of the random recruiting center effect was estimated to be zero, a 2-way analysis of variance was carried
out.
RESULTS
Participants
In total, 186 participants with mTBI and 181 control participants consented to participate. A flowchart

Characteristics of study groups

Variable
Age at injury, mean (SD), range
Sex, n (%)
Female
Male
Higher education level,a n (%)
Current psychological treatment, n (%)
History of psychological treatment, n (%)
Hospital admission, n (%)
GCS score, n (%)
13
14
15
Loss of consciousness (minutes)
n (%)
Duration, mean (SD), range
Posttraumatic amnesia, h
n (%)
Duration, mean (SD), range
CT brain scan abnormalities, n (%)
Orthopedic injury type, n (%)
Fracture
Contusion
Sprain/strain
Luxation/dislocation
Other

mTBI (N = 186)
48.8 (17.3), 18-76
73 (39.2)
113 (60.8)
65 (35.0)
10 (5.4)
27 (14.5)
42 (22.6)

Controls (N = 181)
46.6 (14.0), 18-66
100 (55.2)
81 (44.8)
60 (33.2)
8 (4.4)
28 (15.5)
3 (1.7)

4 (2.2)
21 (11.3)
161 (86.6)
113 (60.8)
4.8 (5.8), 0.5-29
120 (64.5)b
2.7 (4.8), 0.02-23
20 (10.8)
128 (70.7)
14 (7.7)
23 (12.7)
9 (5.0)
7 (3.9)

Abbreviations: CT, computed tomography; GCS, Glasgow Coma Scale; mTBI, mild traumatic brain injury.
a Higher education level includes completion of a college or university degree.
b Information on loss of consciousness, posttraumatic amnesia, and CT scan abnormalities was missing for 23, 11, and 1 participant(s),
respectively.
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representing participant numbers at every stage is presented in Supplemental Digital Content 2 Figure (available at: http://links.lww.com/JHTR/A606). Characteristics of the participants are displayed in Table 1. The
mTBI and control groups were not statistically different
in terms of age, education, and current and previous
history of psychological treatment (t365 = 1.37, P =
.173; χ 28 = 7.00, P = .537; χ12 = 0.18, P = .671; χ12
= 0.07, P = .798, respectively). They differed in distribution of sex (χ12 = 9.43, P = .002, ie, the mTBI
group contained relatively more males than the control
group) and hospitalization (yes/no) (χ12 = 37.58, P <
.001, ie, hospitalization was relatively more frequent in
the mTBI group than in the control group).
Course of hypersensitivity symptoms over time
The course of hypersensitivity symptoms in both
groups is displayed in Figures 1 (NS) and 2 (LS). Rates
of dual sensitivity (ie, those participants reporting both
NS and LS) at each time point are presented in Supplemental Digital Content 3 Table (available at: http:
//links.lww.com/JHTR/A607).
The GEE analyses showed a significant interaction
between time and group for symptoms of NS (P = .001)

Figure 1. Noise sensitivity symptoms in the mTBI and control
groups. Number of participants with noise sensitivity symptoms on each time point using independent count (A) and
persistent symptoms (B). Number of people assessed: Within
2 weeks (T1 ), mTBI, N = 186; control, N = 181. At 3 months
(T2 ), mTBI, N = 163; control, N = 158. At 6 months (T3 ),
mTBI, N = 153; control, N = 158. At 12 months (T4 ), mTBI,
N = 152; control, N = 160. mTBI indicates mild traumatic
brain injury.
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(independent count). This interaction was investigated further using a set of three 1 df interaction contrasts, each
testing a 2 × 2 interaction between group and time for
2 contiguous time points. Specifically, no interaction
between time and group was found when focusing on
T1 -T2 (P = 1.000); however, a significant effect of group
was found (P < .001) (see Figure 1A). When focusing
on T2 -T3 , a significant interaction was found (P = .048),
which means that the differences between groups grow
smaller (see Figure 1A). Finally, when focusing on T3 T4 , no interaction was found (P = 1.000); however, an
effect of group remained (P = .027). Concluding, the
groups started with a difference in the prevalence of NS
symptoms between T1 and T2 . This difference became
smaller between T2 and T3 ; however, no evidence was
found that it changed after T3 .
Considering persistent symptoms of NS (see Figure 1B),
a significant difference was found between groups at
T1 (P < .001) and T2 (P = .016) but not at T3 or T4 (P
= .108 and P = .384, respectively). This means there
were more participants with persistent symptoms of
NS in the mTBI group than in the control group in
early stages (T1 and T2 ); however, in later stages (T3
and T4 ), no significant difference could be identified
(see Figure 1B).
The GEE analyses showed a significant interaction
between time and group (independent count) for symptoms of LS (P = .001). This interaction was investigated
further using a set of three 1 df interaction contrasts,
each testing a 2 × 2 interaction between group and time
for 2 contiguous time points. Specifically, an interaction
between time and group was found when focusing on
T1 -T2 (P = .033) (see Figure 2A). When focusing on T2 T3 as well as on T3 -T4 , no effects (interaction or main)
were found. Concluding, a difference in terms of LS
symptom prevalence between groups was found at T1
but could not be identified from T2 onward.
For persistent symptoms of LS (see Figure 2B), a significant difference was found between groups at T1 (P <
.001) and T2 (P = .028) but not at T3 or T4 (P = .272
and P = .556, respectively). Which means that there were
more persistent symptoms of LS in the mTBI group than
in the control group at T1 and T2 ; however, at T3 and T4 ,
no significant difference was identified (see Figure 2B).
Effects of hypersensitivity within 2 weeks postinjury
on outcomes at 12 months
When controlling for postconcussion symptoms at T1 ,
no effects of NS at T1 were found on HADS Anxiety
(P = .830), HADS Depression (P > 1.000), EQ-5D-5L
index score (P > 1.000), EQ-5D-5L VAS (P > 1.000), and
USER-P Satisfaction (P > 1.000) at T4 (see Table 2). For
the EQ-5D-5L index score, a group effect was found,
indicating a higher index value for the mTBI group
www.headtraumarehab.com
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Figure 2. Light sensitivity symptoms in the mTBI and control groups. Number of participants with light sensitivity symptoms
on each time point using independent count (A) and persistent symptoms (B). Number of people assessed: Within 2 weeks (T1 ),
mTBI, N = 186; control, N = 181. At 3 months (T2 ), mTBI, N = 163; control, N = 158. At 6 months (T3 ), mTBI, N = 153;
control, N = 158. At 12 months (T4 ), mTBI, N = 152; control, N = 160. mTBI indicates mild traumatic brain injury.

TABLE 2 Effects of noise sensitivity within 2 weeks postinjury on anxiety, depression,
and health-related quality of life at 12 months postinjury, controlling for postconcussion
symptomsa
No noise sensitivity

Noise sensitivity

Outcome measure

EMM

SE

EMM

SE

F

P

HADS Anxiety
HADS Depression
EQ-5D-5L Index value
EQ-5D-5L VAS
USER-P Satisfaction

3.87
2.45
0.85
77.27
79.94

0.48
0.34
0.02
1.54
0.94

4.94
2.46
0.87
72.01
81.22

0.86
0.76
0.04
5.67
3.43

1.925
0.000
0.192
0.766
0.126

.830
>1.000
>1.000
>1.000
>1.000

Abbreviations: EMM, estimated marginal means; EQ-5D-5L, EuroQoL-5D-5L; HADS, Hospital Anxiety and Depression Scale; USER-P,
Utrecht Scale for Evaluation and Rehabilitation-Participation; VAS, visual analog scale.
a Statistics were corrected for multiple comparisons and assed using P < .05.
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(M = 0.91, SD = 0.02) than for the control group (M =
0.81, SD = 0.04; F1,303.906 = 10.722, P = .005). Otherwise, no main effects of group or interaction were found.
As the results show a different pattern of the effects of
NS on long-term outcomes when not controlling for
postconcussion symptoms, the analyses without the covariate are reported in Supplemental Digital Content 4
Table (available at: http://links.lww.com/JHTR/A608).
When controlling for postconcussion symptoms at T1 ,
no effects of LS at T1 could be found on HADS Anxiety
(P > 1.000), HADS Depression (P = .975), EQ-5D-5L
index score (P > 1.000), EQ-5D-5L VAS (P > 1.000),
and USER-P Satisfaction (P > 1.000) (see Table 3). For
the HADS Anxiety score, a group effect was found,
indicating lower anxiety scores for the mTBI group (M =
3.15, SD = 0.54) than for the control group (M = 5.45,
SD = 0.89; F1,304.905 = 7.458, P = .035). Otherwise, no
main effects of group or interaction were found. As these
results differed from the results when not controlling for
postconcussion symptoms, the analyses without the covariate are reported in Supplemental Digital Content 5
Table (available at: http://links.lww.com/JHTR/A609).
DISCUSSION
This prospective, longitudinal, multicenter cohort
study aimed to examine the prevalence of hypersensitivity after mTBI and the effects on relevant long-term
outcomes such as anxiety, depression, HRQoL, and life
satisfaction. It was found that individuals with mTBI reported symptoms of NS between 2 weeks and 3 months
postinjury more often than the control group. Although
this difference grew smaller after 3 months, a group
effect remained at 12 months postinjury. The prevalence
of LS symptoms at 2 weeks post-mTBI was higher than
that for controls; however, this difference disappeared
from 3 months onward. There was a higher prevalence
of persistent NS and LS symptoms after mTBI than that
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for controls within 2 weeks and at 3 months postinjury.
It was apparent that at 12 months postinjury, approximately 3% of mTBI patients had persistent symptoms
during the course of the study (1% in the control group).
At that time, the groups did not differ in persistent
symptom rates.
These results confirm a higher prevalence of NS and
LS up to 3 months postinjury in individuals with mTBI
than in controls. However, the results also show that this
difference grows smaller over time, becoming nonsignificant for LS from 3 months onward. The prevalence and
an initial peak in symptoms found in this cohort are
similar to those reported in previous studies.8,10,34–37 At
12 months postinjury or more, other studies found a
higher prevalence; however, this could be due to differences in cohorts (eg, veterans)38 and smaller sample
sizes.7,38
Furthermore, the results showed that NS and LS
within 2 weeks postinjury were not predictive of anxiety,
depression, HRQoL, and life satisfaction, 12 months
later when controlling for early postconcussion symptoms. This was in contrast to the results of the analyses
without using postconcussion symptoms as a covariate,
which showed effects of hypersensitivity on anxiety,
depression, and HRQoL. As such, there was no evidence
that early NS and LS are uniquely associated with longterm emotional and quality-of-life outcomes, above
general levels of postconcussion symptoms, which are
known to affect quality of life11 and are associated with
emotional symptoms.39 Finally, it should be noted that
all scores for anxiety and depression were below the
clinical cutoff scores.
STRENGTHS AND LIMITATIONS
This study contains several strengths and limitations.
First, multiple follow-up measures in large samples provided insights into various stages after mTBI. Because

Effects of light sensitivity within 2 weeks postinjury on anxiety, depression,
and health-related quality of life at 12 months postinjury, controlling for postconcussion
symptomsa
TABLE 3

No light sensitivity

Light sensitivity

Outcome measure

EMM

SE

EMM

SE

F

P

HADS Anxiety
HADS Depression
EQ-5D-5L Index value
EQ-5D-5L VAS
USER-P Satisfaction

3.75
2.21
0.86
77.19
80.03

0.48
0.30
0.02
1.53
0.92

4.86
3.28
0.85
75.44
81.72

0.94
0.82
0.04
6.30
3.80

1.647
1.688
0.068
0.070
0.179

>1.000
.975
>1.000
>1.000
>1.000

Abbreviations: EMM, estimated marginal means; EQ-5D-5L, EuroQoL-5D-5L; HADS, Hospital Anxiety and Depression Scale; USER-P,
Utrecht Scale for Evaluation and Rehabilitation-Participation; VAS, visual analog scale.
a Statistics were corrected for multiple comparisons and assed using P < .05.
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of the inclusion of an orthopedic injury control group,
hypersensitivity symptoms could be compared with a
group with similar medical care and expected recovery.
Participants were required to rate their hypersensitivity
compared with preinjury levels, which might have led
to accuracy issues at later time points. Nevertheless,
this was the same for both groups. Finally, the current
study had occasional missing data, which potentially
influenced the results. However, no significant differences in hypersensitivity within 2 weeks were found
between participants with and without missing data at
12 months.
FUTURE RESEARCH
Standardized procedures to measure hypersensitivity
could minimize methodological differences between
studies and give way to a better interpretation of
findings. Instruments, possibly not solely relying
on self-report, to investigate sensory modalities and
identify circumstances in which symptoms occur
could create a broader picture of hypersensitivity.
Questionnaires focusing specifically on hypersensitivity
symptoms such as the Hyperacusis Questionnaire40 or
Leiden Visual Sensitivity Scale41 may provide better
insights into the nature of the symptoms. Finally, taking
into account physiological factors (eg, stress levels),
cognitive measurements (eg, attention), and overall
symptom reporting (eg, somatization, illness percep-

tions) may further deepen the knowledge of sensory
hypersensitivity.
CLINICAL IMPLICATIONS
Based on the current findings, clinicians could provide
assurance to their patients about the low occurrence of
persistent hypersensitivity symptoms after mTBI and its
benign course of recovery. Furthermore, the questions
arise whether hypersensitivity is caused by mTBI, and
whether there are psychological factors that play a role
in maintenance of symptoms, as has been described for
persisting symptoms after mTBI.42 With this in mind,
it is important to be aware that hypersensitivity also
occurs in the general population; however, it is usually
assessed using different methods,14 which may have led
to differences in the prevalence.
CONCLUSION
This study showed an elevated prevalence of NS and
LS symptoms between 2 weeks and 3 months after injury
in an mTBI group compared with minor orthopedic
trauma controls. This difference grew smaller over time,
even disappeared for LS. Only 3% of mTBI patients
reported hypersensitivity at every time point during a
year follow-up. Finally, hypersensitivity by itself did not
predict long-term anxiety, depression, HRQoL, and life
satisfaction, when taking early postconcussion symptoms into account.
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