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ABSTRACT 

Background. In this study, we evaluated the psychometric properties of a 10-item version of the 
Depression, Anxiety and Stress Scale (DASS-10) in a mild traumatic brain injury (mild TBI) sample. 
Methods. Treatment-seeking adults (n = 354; mean age 36.3 years, 62% women) were recruited 
from outpatient rehabilitation services in New Zealand. Participants completed the DASS-10 on 
average 11.5 (15.0) weeks after their injury. Dimensionality, reliability, person separation index and 
differential item functioning of the DASS-10 were examined using Rasch analyses. Results. Initial 
fit to the Rasch model for the 10-item measure was good (χ2 = 78.6, d.f. = 70, P = 0.22), with high 
internal consistency (Cronbach's alpha 0.89, person separation index 0.86) and acceptable 
unidimensionality. There was no evidence of differential item functioning for any of the person 
factors tested (age, gender, ethnicity, education, mental health history). Conclusion. These 
findings provide preliminary support for the DASS-10 as a psychometrically sound measure of 
psychological distress for adults seeking treatment following mild TBI. The DASS-10 for mild TBI 
may be a helpful brief measure to triage mental health needs among persons referred to 
outpatient services after mild TBI.  

Keywords: concussion recovery, DASS-10, item response theory, mental health, mild traumatic 
brain injury, psychological factors, psychological symptoms, psychometrics. 

Introduction 

Psychological symptoms after mild traumatic brain injury (mild TBI) impact recovery of 
functioning, well-being and quality of life (Petchprapai and Winkelman 2007; Silverberg 
and Iverson 2011; Theadom et al. 2017; Voormolen et al. 2019). Psychological factors, 
including pre-injury mental health, are also robust predictors of mild TBI outcomes 
(Broshek et al. 2015; Silverberg et al. 2015; Wäljas et al. 2015; Ponsford et al. 2019;  
Snell et al. 2023). Additionally, acute psychological distress, such as depression and 
anxiety symptoms, early after mild TBI correlates with post-concussion symptom burden, 
more so than injury severity or neuropsychological test performance (King 1996; Landre 
et al. 2006; Scheenen et al. 2017). 

It has been estimated that 12–44% of individuals experience some degree of depres
sion within the first 3 months of mild TBI (Hellewell et al. 2020). Similar rates of anxiety 
symptoms have also been reported (Moore et al. 2006; Lamontagne et al. 2022). Various 
tools and questionnaires validated for mild TBI are available to evaluate depression and 
anxiety following mild TBI; however, such measures can be lengthy, and may place 
burden on patients and clinicians. One commonly used measure is the Depression, 
Anxiety and Stress Scale (DASS; Lovibond and Lovibond 1995). Rather than mapping 
onto diagnostic criteria, the DASS measures the severity of core symptoms of depression, 
anxiety and stress, offering opportunities to target psychological treatments (Silverberg 
et al. 2020). The DASS has two main versions – a 42-item and a 21-item scale (Lovibond 
and Lovibond 1995) – which are freely available in the public domain. Both versions 
have well-established psychometric properties, and have been used extensively across a 
diverse range of populations and settings (Lovibond and Lovibond 1995; Oei et al. 2013;  
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Wang et al. 2016). The measurement properties of the DASS 
in TBI samples have also been validated in several studies 
(Ownsworth et al. 2008; Dahm et al. 2013; Wong et al. 
2013), including mild TBI (Faulkner et al. 2025). 

Recently, Halford and Frost (2021) developed and eval
uated a 10-item version of the DASS in a clinical and com
munity sample. The clinical sample was made up of 2184 
consecutive adult presentations to a clinical psychology 
clinic in Brisbane, Australia, and the community sample 
comprised 326 newlywed heterosexual couples who pro
vided normative data. The measure, called the DASS-10, 
was developed from the DASS-42 scale, and these items 
are also included in the DASS-21. The DASS-10 showed 
high internal reliability (α = 0.89). It yielded two internally 
consistent, discriminable, but highly correlated, factors of 
anxiety-stress and depression. These two factors loaded onto 
a superordinate psychological distress factor. Furthermore, 
distress items discriminated between a clinical sample and a 
community sample, and were sensitive to clinical change. As 
a result, the authors proposed a single psychological distress 
score has potential for use as a routine outcome assessment 
measure, as well as for monitoring progress in clinical 
settings. 

Psychological distress, while vague, tends to be viewed as 
a state of emotional turmoil characterised by depression and 
anxiety symptoms, also including somatic symptoms, such 
as fatigue, sleep disturbance and headaches (Belay et al. 
2021). The Diagnostic and Statistical Manual of Mental 
Disorders, 5th edition (DSM-5) defines psychological distress 
as non-specific symptoms ranging from anxiety and depres
sion, and associated functional and somatic impairments 
(American Psychiatric Association 2013). It is common fol
lowing specific stresses (Belay et al. 2021); for example, an 
injury such as mild TBI (Silverberg and Mikolić 2023). 
Accordingly, a brief and validated measure of psychological 
distress, such as the DASS-10, could be helpful for mild TBI 
management by highlighting treatment pathways and 
accommodations. These could include referral for psycho
logical support and tempering expectations in rehabilitation 
to accommodate psychological factors (Silverberg et al. 
2020). In addition, individuals with mild TBI often experi
ence post-concussion symptoms, such as fatigue, headache 
and concentration difficulties, which can make it challeng
ing to complete lengthy self-report questionnaires. Thus, 
having a psychometrically sound assessment tool that 
reduces patient burden, while still providing meaningful 
clinical data, would be particularly useful (Aiyegbusi et al. 
2022). Additionally, brief screening tools can reduce the 
cost, time and burden for clinical services (Iragorri and 
Spackman 2018). With these considerations in mind, the 
objective of the current study is to conduct a preliminary 
evaluation of the DASS-10 (Halford and Frost 2021) in a 
mild TBI sample. We aimed to use Rasch analyses to exam
ine the unidimensionality and item characteristics of the 
measure. 

Methods 

Design and setting 

We recently evaluated the 21-item version of the DASS in a 
mild TBI sample (Faulkner et al. 2025). We used the same 
dataset in the present study to evaluate the shorter DASS-10 
version published by Halford and Frost (2021). The dataset 
for our DASS studies was described in full in Faulkner et al. 
(2025). We analysed data collected from participants 
attending outpatient concussion services in New Zealand 
who were enrolled in two studies examining the role of 
psychological factors in mild TBI recovery. Both studies 
used prospective observational methods following partici
pants after mild TBI. In Study 1, participants were recruited 
from five outpatient mild TBI clinics across both the North 
(n = 2) and South Islands (n = 3) of New Zealand between 
February 2019 and October 2021. The aim of Study 1 was to 
investigate psychological predictors of mild TBI outcome. In 
Study 2, participants were recruited from an additional nine 
mild TBI outpatient clinics in the North Island of New 
Zealand between March 2020 and September 2020. The 
aim of Study 2 was to examine the role of psychological 
flexibility as a mediating factor influencing psychological 
predictors of mild TBI outcome. All clinics were funded by 
New Zealand’s government-funded injury insurance scheme. 
Eligibility, recruitment procedures, study assessment time
lines and measures were similar across both studies. Eligible 
and consenting participants (n = 355) completed question
naires using secure web-based platforms: REDCap (Study 1) 
or Qualtrics (Study 2), by mailed questionnaires (n = 5) or 
by telephone (n = 1). 

Ethical approvals for the studies were received from New 
Zealand’s National Health and Disability Ethics Committee 
(Study 1: ref 18/CEN/79) and the Auckland University of 
Technology Ethics Committee (Study 2: ref 20/32). All par
ticipants provided written consent to participate in each 
respective study. 

Participants 

Eligible participants: (1) were aged ≥16 years (study 1) and 
≥18 years (study 2), (2) sustained a mild TBI confirmed by 
a medical practitioner at each clinic and in line with World 
Health Organization Neurotrauma Taskforce criteria (Holm 
et al. 2005), (3) were fluent in English, and (4) had no 
prior neurological condition, including a past history of 
moderate-to-severe traumatic brain injury or severe current 
unstable medical condition (e.g. respiratory illness, cancer). 
A prior history of mild TBI was not an exclusion criterion. In 
Study 1, n = 110 and in Study 2, n = 245 participants’ data 
were available, resulting in a combined sample of n = 355 
participants. One participant in Study 1 did not complete 
any DASS items and was excluded from the analyses, result
ing in a final sample of n = 354 (Table 1). 
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Measure 

The DASS is a self-report questionnaire that measures general 
distress experienced over the previous week, as well as three 
more specific aspects of distress, namely depression, anxiety 
and stress symptoms (Lovibond and Lovibond 1995). 
Individuals respond to a Likert scale ranging from 0 (did not 
apply to me at all) to 3 (applied to me very much or most of the 
time). In the present study, participants completed the DASS- 
21, and DASS-10 items were selected according the Halford 
and Frost version (Table 2). DASS-10 scores range from 0 to 30, 
with higher scores indicating greater levels of distress. 

Statistical analyses 

Participant characteristics were summarised by descriptive 
statistics using IBM SPSS (version 29). Rasch analyses were 

conducted to evaluate psychometric properties of the DASS- 
10 using RUMM2030 software (Andrich et al. 2009). Rasch 
analysis is based on the assumption that the probability of 
choosing a specific response option is represented by a 
logistic function of the difference of the person ability 
(latent trait) and the item difficulty (Rasch 1993; Bond 
and Fox 2013). We were specifically interested in differen
tial item functioning (DIF) and unidimensionality of the 
DASS-10 in our sample. 

Rasch analysis is completed in an iterative fashion until 
satisfactory overall and individual item fit to the model and 
evidence of unidimensionality is obtained. Overall and indi
vidual item chi-squared fit statistics that demonstrate interac
tion between the item and a trait should be non-significant 
(P > 0.05). For an excellent fit to the Rasch model, the overall 
item and person fit residuals would be expected to have a 
mean of approximately 0.00 and a standard deviation equal to 
approximately 1.00. Individual items should have fit residuals 
ranging between −2.50 and +2.50. Unidimensionality is 
tested using the method developed by Smith (2002). This 
method uses a principal components analysis of the resi
duals to create two subtests and then compares each partici
pant on both subtests using the t-test. If >5% of participants 
are significantly different on the two subtests, then uni
dimensionality cannot be concluded. 

Local dependency between items is examined by inspec
tion of the correlations among item residuals and can be 
corrected by combining highly correlated items into a testlet 
or super-item (Nilsson and Tennant 2011). When the basic 
criteria for fit to the Rasch model are met, the person–item 
threshold distribution of a final solution is investigated to 
establish how well the range of item difficulties cover the 
range of individual abilities on the latent trait. In analysing 
the DASS-10 with our mild TBI sample, we followed these 
steps:  

1. Item responses were examined to determine the most 
appropriate version of the Rasch model. The appropriate 
model is identified by the likelihood ratio test. If this test 
is significant (P < 0.05), then the partial credit model 
must be used (Masters 1982).  

2. Checking overall model fit (item–trait interaction) and 
individual item fit.  

3. Rescoring of any items with disordered thresholds to 
improve overall fit. A disordered threshold occurs when 
persons higher in the latent trait measured do not con
sistently endorse higher response options (i.e. 0, 1, 2, 3) 
for an item.  

4. Stepwise removal of individual items if necessary to 
improve model fit.  

5. Testing for unidimensionality (Wainer and Kiely 1987;  
Smith 2002). This is done by inspecting loadings on the 
first principal component of the residuals after the ‘Rasch 
factor’ has been removed, and then creating two subtests 
based on the highest positive and negative loading items. 

Table 1. Demographic and injury characteristics of the mild TBI 
sample (n = 354)     

Variable Category N (%) or 
M (s.d.)   

Demographic characteristics  

Gender, n (%) Female 218 (61.6%) 

Male 135 (38.1%)  

Age (years), n (%) A 17–25 94 (26.6%) 

26–31 84 (23.7%) 

32–45 76 (21.5%) 

46–76 100 (28.2%)  

Ethnicity, n (%) NZ European 237 (66.9%) 

NZ Māori 42 (11.9%) 

Other 75 (21.2%)  

Education, n (%) High school or less 96 (27.1%) 

Post high school 258 (72.9%)  

Previous concussion history, n (%) Yes 165 (46.6%  

Mental health history, n (%)] Yes 182 (51.9%) 

Injury characteristics  

Time since injury, mean (s.d.), 
median 

Weeks 11.5 
(15.0), 7.0  

Mechanism of injury, n (%) Motor vehicle 
accident 

63 (17.8%) 

Fall 71 (20.1%) 

Assault 65 (24/0%) 

Hit by object 77 (21.8%) 

Other 58 (16.4%)  

Other injury sustained, n (%) B Yes 234 (66.1%) 

AAge was evenly distributed to test for differential item functioning. 
BOther injury sustained means other injury sustained at the same time as the 
concussion injury (e.g. fracture, neck sprain).  
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All participants are then compared on the two subtests 
using the t-test and if >5% of tests are significant multi- 
dimensionality is inferred (Smith 2002). 

6. Testing for DIF by the person factors (age, gender, edu
cation,ethnicity, mental health history). DIF is present 
when persons at the same level of the latent trait being 
measured score systematically differently on an item; for 
example, when younger and older participants with the 
same overall level of anxiety score differently on an 
individual anxiety item.  

7. Finally, we developed ordinal-to-interval conversion 
tables for DASS-10 total scores. 

Results 

Participant characteristics 

The average age of the cohort (n = 354) was 36.3 years (s.d. 
14.0), ranging from 17 to 76 years, with more women than 
men (women 62%). A majority were of New Zealand 
European ethnicity (67%). Just over half the sample 
endorsed a prior mental health history (52%). Participants 
were on average 11.5 weeks post-injury (s.d. 15.0), and the 
most common injury mechanisms included motor vehicle 
accidents, assaults and being hit by an object. A summary of 
participant characteristics is shown in Table 1. 

DASS-10 analyses 

The total mean DASS-10 score for the sample was 10.1 (s.d. 
6.4), median 9.0, and interquartile scores 5.0, 9.0 and 14.0. 
Evaluation of internal consistency of the DASS-10 using 

Cronbach’s alpha was suggestive of high internal consist
ency (a = 0.89) based on Cohen’s rules (Bland and Altman 
1997). Corrected item-total correlations ranged from 0.58 to 
0.72. Table 2 shows DASS-10 item characteristics, including 
floor and ceiling effects. 

The overall fit statistics for the initial Rasch analysis of the 
DASS-10 showed a good fit to the model (χ2 (70) = 78.63, 
P = 0.22), indicated by a non-significant chi-squared value. 
The person separation index, a statistic similar to Cronbach’s 
alpha, was 0.86. This reflects the scale’s ability to discriminate 
among groups of persons at different levels of the measured 
trait. No items showed disordered thresholds or required 
rescoring (Fig. 1). Unidimensionality testing showed 21 out 
of 354 t-tests (5.93%) were significant. Ideally, this figure 
should be <5%, but a binomial test gave confidence intervals 
at 95% of lower (0.04) to upper (0.08). If the lower 95% CI is 
<0.05, unidimensionality can be considered acceptable. 

We evaluated DIF on five person factors (age, gender, 
ethnicity, education, mental health history). There was no 
evidence of DIF on any of these variables. Finally, Fig. 2 
shows the distribution of person ability (latent trait) mapped 
against the distribution of item location (difficulty) on the 
Rasch logarithmic scale. This shows floor and ceiling effects 
also reflected in Table 2. Ordinal to interval conversion for 
DASS-10 total scores are shown in Table 3. 

Discussion 

The objective of this study was to evaluate whether a brief 
measure of psychological distress, a 10-item version of the 
DASS, might offer an efficient option for triaging needs for 

Table 2. Depression, Anxiety and Stress Scale (DASS-10) in a mild traumatic brain injury sample (n = 354). A       

Item Mean 
(s.d.) 

Range Floor, 
n (%) 

Ceiling, 
n (%)   

1. I couldn’t seem to experience any positive feelings at all (D) 0.83 (0.80) 0–3 136 (38.4) 13 (3.7) 

2. I found it difficult to work up the initiative to do things (D) 1.36 (0.92) 0–3 65 (18.4) 45 (12.7) 

3. I tended to over-react to situations (S) 1.29 (0.93) 0–3 74 (20.9) 43 (12.1) 

4. I was worried about situations in which I might make a fool of myself (A) 0.90 (0.97) 0–3 158 (44.6) 27 (7.6) 

5. I felt that I had nothing to look forward to (D) 0.72 (0.89) 0–3 185 (52.3) 18 (5.1) 

6. I found it difficult to relax (S) 1.38 (0.96) 0–3 70 (19.8) 50 (14.1) 

7. I felt down hearted and blue (D) 1.11 (0.92) 0–3 98 (27.7) 32 (9.0) 

8. I was intolerant of anything that kept me from getting on with what I was doing (S) 1.14 (0.90) 0–3 92 (26.0) 30 (8.5) 

9. I felt I was close to panic (A) 0.69 (0.84) 0–3 184 (52.1) 12 (3.4) 

10. I felt scared without any good reason (A) 0.66 (0.84) 0–3 194 (54.8) 10 (2.8) 

DASS-10 total score 10.09 (6.42) 0–3 11 (3.1) 2 (0.6) 

How much did the statement apply to you over the past week (0 = Did not apply to me at all, 1 = Applied to me to some degree or some of the time, 2 = Applied 
to me a considerable degree or good part of the time, 3 = Applied to me very much or most of the time). 
AItem order differs from DASS-10 version by Halford and Frost ( Halford and Frost 2021). Above items appear as they do in DASS-21 (A = anxiety item; 
D = depression item; S = stress item).  
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mental health support among people following mild TBI. We 
were interested in whether the brief version demonstrated 
acceptable unidimensionality and reliability in our clinical 
sample. Initial fit to the Rasch model for the 10-item mea
sure was good, with high internal consistency and accept
able unidimensionality. There was no evidence of DIF for 
any of the person factors tested (age, gender, ethnicity, 
education, pre-injury mental health history). These findings 
suggest the brief DASS-10 for mild TBI may offer a psycho
logical distress score that is easy to calculate, and not bur
densome for clinicians and patients. 

The only other examination of the 10-item version of the 
DASS to our knowledge was undertaken by Halford and 
Frost (2021) in adult psychology treatment-seeking and 
general community samples. They found a unidimensional 
superordinate psychological distress factor that discrimi
nated between their clinical and community samples. The 
clinical sample mean relative to the community sample was 

higher, as expected (clinical mean 12.9 (s.d. 6.8), commu
nity mean 3.0, s.d. (3.2), P < 0.01, effect size 1.9). They 
determined a clinical cut-off for defining a clinical case was 
a DASS-10 score >7. In our treatment-seeking adult sample 
of people with mild TBI, we found a mean score of 10.1 (s.d. 
6.4). Although these scores seem comparable to those 
reported by Halford and Frost in their clinical sample, 
using their cut-off score (DASS-10 >7) for psychological 
distress among people presenting for treatment after mild 
TBI may not be reliable. Further research would be required 
to provide confident cut-off score information for use in 
mild TBI clinical settings. 

Clinical implications 

Strategies to reduce patient burden and improve efficiency, 
such as use of brief screening and outcome measures, are 
important considerations in health research and clinical 
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assessment (Karran et al. 2017). One driver for validating 
brief screening approaches for psychological factors after 
mild TBI includes a need to improve identification of such 
risk factors to enable targeted treatment (Silverberg et al. 
2020). Identification can direct the most appropriate treat
ment; for example, a referral to a psychologist. However, 
decision making for referrals to psychologists appears 
inconsistent, and this might be because of a lack of system
atic evidence-based approaches for triaging psychological 
risk among people seeking outpatient rehabilitation after 
mild TBI (Faulkner et al. 2025). Using brief measures has 
the potential to streamline and guide triage assessment, 
especially when triage is conducted on service entry by 
non-psychologists. It does not necessarily replace or over- 
ride decisions for administering full questionnaires, as clini
cally indicated. By capturing psychological distress, the 
DASS-10 may offer a means of screening for risk for persist
ent symptoms and directing treatment referral decisions. 
However, clinicians may still wish to consider full length 
questionnaires for treatment planning once a client has been 
directed to an appropriate treatment pathway (Mikolić et al. 
2024; Snell et al. 2025). 

Limitations 

There are limitations to be considered. First, our sample 
consisted of treatment-seeking adults, and so does not general
ise to the wider mild TBI population. We recruited from 
outpatient rehabilitation services, where patients are referred 

(most often by family physicians, emergency medicine physi
cians or disability claim managers) or self-referred because of 
a slow recovery. This sampling method means participants 
were in a sub-acute stage (McCrea et al. 2009), and likely 
explains the relatively high symptom burden and incidence of 
psychiatric comorbidity compared with unselected mild TBI 
samples (Carroll et al. 2014). Participants in our sample, at 
11 weeks post-injury, may be more likely to have heightened 
psychological distress, because their symptoms have persisted 
and are impacting functioning. Further research examining 
the utility of a brief measure of distress, such as the DASS-10, 
among the wider mild TBI population would enhance support 
for the measure. Finally, other psychometric properties were 
not examined, such as aspects of validity and sensitivity to 
change, to determine if the measure could be useful as a tool 
for monitoring change over time in treatment. 

Conclusions 

The findings of this study provide preliminary support for 
the DASS-10 as a psychometrically sound brief measure of 
psychological distress among adults seeking treatment fol
lowing mild TBI. The DASS-10 for mild TBI may be an 
efficient tool for clinicians to triage psychology needs 
among persons referred to mild TBI outpatient services, 
and to direct assessment and treatment needs. Interval 
score conversions have been included to increase the preci
sion of measurement. 
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