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ABSTRACT

Objectives Some patients with mild traumatic brain injury
(mTBI) experience persistent postconcussive symptoms,
influencing the ability to work. This study assessed
associations between mTBI and labour market attachment
(up to 5 years postinjury) in patients with different
premorbid characteristics.

Design and setting Danish national cohort study with
5-year register follow-up.

Participants We included hospital admitted patients
between 18 and 60 years diagnosed with mTBI
(International Classification of Diseases, version 10
diagnosis S06.0) (=19 732). For each patient, one control
was selected matched on age, gender and municipality
(n=18 640).

Primary outcome measure Primary outcome was ‘not
attending ordinary work’, and premorbid risk factors were
cohabitation status, education, ethnicity, gender, age and
comorbidities.

Results The odds of not attending ordinary work
increased from 6 months to 5 years. The highest increased
odds (approximately twice as high for patients) of not
attending ordinary work at 5 years were found in the
highest educational group (OR 2.15, 95%Cl 1.78 to

2.59), for patients of non-Danish origin (OR 1.98, 95% Cl
1.52 t0 2.57), for patients between 30 and 39 years (OR
1.93, 95%Cl 1.68 to 1.23) and for patients with somatic
comorbidities (OR 1.81, 95% Cl 1.38 to 2.37). Contrary to
expectations, we did not find higher odds in patients with
psychiatric diagnoses (OR 1.12,95% Cl 0.76 to 1.60).
Conclusions Important premorbid characteristics for
lower labour market participation after mTBI were higher
education, non-Danish origin, age 30-39 years and having
somatic comorbidities. Demographic and health-related
variables should be considered when assessing patients
with mTBlI at risk of long-term sickness absence.

Trial registration number NCT03214432; Results.

INTRODUCTION

The incidence of hospital-treated mild trau-
matic brain injury (mTBI) is estimated to
range from 100 to 300 cases per 100 000
people worldwide, most pronounced in
the youngest, oldest and male part of the

Strength and limitations of this study

» The use of national registers prevented loss to
follow-up.

» The study had access to a substantial amount of
data, including covariates, labour market data and
potential predictors.

» The study did not have access to patient records
which increased the risk of misclassification.

» The registers did not allow access to clinical infor-
mation such as injury severity.

population.'™ mTBI negatively influences
health, function, life satisfaction and ability to
work."™ The majority of patients experience
postconcussive symptoms* defined as self-re-
ported somatic, affective and cognitive symp-
toms,5 such as nausea, vomiting, headache,
irritability, concentration difficulties, memory
problems, fatigue, visual disturbance, sensi-
tivity to noise, depression and anxiety.”® They
are most common during the first days and
weeks, typically resolving within 3 months.”™
For a subgroup of ~15%-30%, the symptoms
are persistent'’ and may last for years.""

The aetiology of persistent postconcussive
symptoms is not completely understood, and
existing research suggests a multifactorial
interaction between demographics, injury-re-
lated and psychological risk factors affecting
outcome.” '* Injury-related factors such as
loss of consciousness, amnesia,13 14 previous
neurological injuries and pre-existing phys-
ical limitations® ® have been emphasised as
predictive of the development of immediate
postconcussive symptoms, but other studies
have not consistently found clinical associa-
tions."” '° Additionally, persistent symptoms
appear not to be specific to individuals with
mTBI since non-brain injured controls also
meet diagnostic criteria for postconcus-
sive symptoms.'” Consequently, premorbid
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demographics and psychological factors have been
discussed intensively, since these factors have shown to
be the most robust prognostic factors.'* A multivariable
prognostic model for mTBI demonstrated premorbid
mental health, female sex, younger age and postinjury
neuropsychological functioning as well as anxiety being
the most strong independent prognostic factors for symp-
tomatic outcomes.'? Ponsford et al'* and Cnossen et al'®
also found female gender, educational level, prior trau-
matic brain injury and premorbid psychiatric disorders
including anxiety, depression, sleeping disorders and
bipolar disorders to be the strongest predictors of post-
concussive symptoms. Additionally, it has been suggested
that patients suffering most are those being unmarried,”
living alone, having more than one comorbidity, multiple
traumatic brain injuries (TBIs) and being of non-white
ethnic group."”

Labour market attachment may change after mTBI
and this constitutes a huge societal burden due to work
disability and productivity loss.*” *' Most individuals
acquiring mTBI return to work within 6 months post-
injury,”’ but a subgroup of individuals does not return
to work'* #* # and may receive social transfer payments
2 years postinjury.”’ Studies have considered several
important risk factors in the ‘return to work process’ after
mTBI. A systematic review highlights premorbid factors,
such as high education as associated with quicker return
to work.?* Additionally, younger age has been shown to
predict a quicker return to work.”! Stulemeijer et al found
that no premorbid physical problems, low levels of post-
concussive symptoms and posttraumatic stress (PTS)
early after injury, high education, absence of symptoms
on admission, no extracranial injuries and low levels of
pain were predictive of low levels of postconcussive symp-
toms and full return to work at 6 months.”” Other studies
showed inconsistent results, and premorbid factors such
as age, sex, emotional problems, physical comorbidities
and prior head injury were not being predictive of full
return to work.?" Postinjury psychological distress has
been found to predict incomplete return to work.** More-
over, psychological factors such as cognitive appraisal and
coping strategies seem to influence the development
of persistent postconcussive symptoms affecting labour
market attachment.””

Risk factors of labour market attachment after mTBI
have not been as thoroughly investigated as risk factors
of postconcussive symptoms. Current studies often have
methodologically shortcomings being based on self-re-
ported data and restricted to short follow-up periods.
Large national register-based studies are lacking, primarily
because such registers are only available in few countries.
In Denmark, we have access to high-quality registers
of labour market attachment and health. Most studies
include a wide range of both premorbid and postmorbid
potential risk factors and have not separately focused on
premorbid risk factors.” *! # #% Assessment of premorbid
risk factors is important during recovery to help clinicians
identify patients at risk of long-term work disability and

to target the most appropriate treatment and preven-
tion. Additionally, premorbid risk factors are present in
the general population, which allows us to compare the
effects on labour market attachment between patients
with mTBI and the general population. We therefore
aimed to assess associations between mTBI and labour
market attachment (up to 5 years postinjury) in patients
with different premorbid characteristics related to cohab-
itation status, education, ethnicity, gender, age and
comorbidities.

METHODS

Study design and participants

This study was a longitudinal nationwide register-based
cohort study with 5 years of follow-up on labour market
attachment in patients diagnosed with mTBI from 1
January 2008 to 31 December 2012. The study used the
same cohort and data as in a yet unpublished study of
Graff HJ et al, entitled: Labour market attachment after
mild traumatic brain injury: nationwide cohort study with
Syear register follow-up in Denmark (Graff, submitted
for publication). Various national administrative regis-
ters were used to identify patients with mTBI, matching
controls, potential confounders and outcome variables.
The unique personal identification number, the central
personal registry number (CPR number)® assigned to all
individuals with a permanent residence in Denmark were
used to link the registers.”

Patients between 18 and 60 years were extracted from
the Danish National Patient Register (DNPR) during 1
January 2003 — 81 December 2007.” Denmark has a
universal healthcare system with equal access to health-
care services;31 hence, the DNPR contains somatic and
psychiatric administrative data, diagnoses, treatments and
examinations for all hospitals in Denmark, adhering to
the International Classification of Diseases, version 10
(ICD-10).* Patients were hospital admitted, emergency
or outpatient treated and diagnosed with concussion
(ICD-10 diagnosis S06.0) as primary diagnosis. Patients
were included at the first concussion diagnosis appearing
in the DNPR during the inclusion period. Additionally,
patients had to be available for the labour market at the
index date, defined as gainfully employed or receiving
unemployment benefits but actively job seeking.*

Exclusion criteria were major neurological injuries,
such as spinal cord and column injuries,” TBIs including
concussions™ 5 years before the index date (1 January
1998-31 December 2002). Additionally, we excluded
patients who had major neurological injuries as secondary
diagnosis to the concussion of interest during the inclu-
sion period. Patients who had stayed outside of Denmark
5 years before and during the inclusion period (1998-
2007) were excluded.

For each patient, one control was randomly extracted
from the population register matched on age, gender
and municipality. The controls without a concussion diag-
nosis were extracted during 1 January 2003-31 December
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2007 and were excluded according to the same criteria as
patients.

OUTCOME VARIABLES

Not attending ordinary work

Data on ‘not attending ordinary work’ measured a week
before 6 months and 5 years were derived from the Danish
Register for Evaluation of Marginalization (DREAM) for
the calendar years 2008-2012. DREAM contains all social
transfer payments granted by the municipality including
sickness absence benefits, unemployment benefits,
government education, integration benefits, transitional
allowance, light duties, social security benefits, voca-
tional rehabilitation, flex job, unemployment benefits
(flex job), early retirement, disability pension or death.
The municipally granted social transfer payment is regis-
tered with a code once a week in DREAM.*’ *** During
the period of the study, every employee in Denmark was
entitled to sickness benefits for the first 30 days (employ-
ment period). Sick leave spells lasting >4 consecutive
weeks were compensated by the Danish municipalities.*
Sick-listed individuals could receive sickness benefits for
a maximum of 12 months.” Patients with a permanently
reduced working capacity could receive a ‘flex job” with
modified working conditions and individuals not being
able to return to gainful occupation, could after an exten-
sive assessment be granted disability pension.”® * These
benefits are registered in DREAM.

Not attending ordinary work was defined according to
the Danish Reform of the Sickness Benefit Scheme, the
Disability Pension and Flexjob Scheme,” ™ and dichot-
omised into receiving any social transfer payment in any
given week during follow-up versus not receiving any
social transfer payment in DREAM. If no code was given
in DREAM, it was assumed that the patient was gainfully
employed or self-supporting.

Risk factors

Premorbid variables included in the study were gender,
age, cohabitation status, education, ethnicity, comorbid-
ities and psychological factors. Data on gender and age
were extracted from the Danish Civil Registration System
(CRS),* which is a register providing individual informa-
tion on vital status, migration and personal information
such as citizenship. Cohabitation status was derived from
the Danish Family Relations Database, which utilises
data from the CRS.**' Cohabitation status was catego-
rised into ‘married or cohabiting couple’ and ‘single’.
The highest attained educational level was derived from
educational registers and measured the week before
the index date.”” Education was consolidated into: low
education (primary education), medium education
(lower and upper secondary education, postsecondary—
non-tertiary education) and high education (short cycle
tertiary education, bachelor, master, doctoral or equiv-
alent). Data on ethnic origin were extracted from the
CRS and categorised into: Danish born or not Danish

born. Premorbid comorbidities and psychiatric diag-
noses were extracted from the DNPR." Comorbidities
were included in the analysis as 19 indicators of chronic
diseases defined as in Charlson comorbidity index.* **
Psychiatric diagnoses were included as diagnoses 5 years
before the index date (1998-2002).* Preinjury income
was measured as personal gross income including
revenue and social transfer income at the index date.
These data were obtained from the income statistics
register.”® Income categories reflected the quartiles in
the present cohort and were included to describe the
study population. All data were provided by Statistics
Denmark.”

Statistical analysis

Baseline characteristics were described with total numbers
and percentages and differences between groups were
assessed with y” tests.

The increased tendency for patients with mTBI of not
attending ordinary work at 6 months and 5 years, respec-
tively, was assessed as the ratio of the odds of not attending
ordinary work for patients with mTBI and their matching
controls for every subgroup. These ORs and their corre-
sponding 95% CIs were estimated in multivariable logistic
regression models where the correlation inherent to the
matching was adjusted for with generalised estimating
equations: the estimates for mTBI were adjusted for
ethnicity, municipality, calendar year, seasonal variation,
comorbidities, psychiatric illness, age and gender. The
influence of each of the premorbid variables: cohabita-
tion status, education, ethnicity, gender, age, comorbid-
ities and psychiatric illness, was assessed individually by
adding the corresponding interaction to the base model
and was presented by a p value for the test of this inter-
action and separate ORs for each of the categories of the
premorbid variable. A p<0.05 was considered statistically
significant. All statistical analyses were performed with
SASV.9.4.

Patient and public involvement
Since this study had a national register-based design
containing deidentified individual data, it was not
possible to involve patients in the study design, develop-
ment of the research question, conduct of the study and
dissemination of the results.

RESULTS

In total, 19 732 patients with mTBI and 18 640 controls
were included. Table 1 indicates socioeconomic differ-
ence between patients with mTBI and controls regarding
educational level and income. Additionally, more
patients with mTBI were married and had more somatic
and psychiatric comorbidities compared with controls
(table 1). In some cases, it was not possible to find a
matching control (see figure 1).
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Table 1 Social and preinjury health characteristics of patients with mTBI and controls

Controls mTBI Total
(n=18 640) (n=19 732) (n=38 372) Missing P value*
Age, years, n (%) 0.8461
18-29 8187 (43.92) 8734 (44.26) 16 921 (44.10) 0
30-39 4118 (22.09) 4290 (21.74) 8408 (21.91)
40-49 3458 (18.55) 3653 (18.51) 7111 (18.53)
50-60 2877 (15.43) 3055 (15.48) 5932 (15.46)
Gender, n (%) 0.5839
Male 11 266 (60.44) 11 872 (60.17) 23 138 (60.30) 0
Female 7374 (39.56) 7860 (39.83) 15234 (39.70)
Education, n (%) <0.0001
Low education 6942 (37.73) 8951 (46.14) 15 893 (42.05) 574
Medium education 7992 (43.43) 7464 (38.48) 15 456 (40.89)
High education 3466 (18.84) 2983 (15.38) 6449 (17.06)
Income (Danish kroner, Krt), n (%) <0.0001
<100 000 4144 (22.27) 4482 (22.72) 8626 (22.50) 40
100 000-200 000 4152 (22.31) 5697 (28.89) 9849 (25.69)
200 000-300 000 5325 (28.62) 5418 (27.47) 10 743 (28.03)
>300 000 4988 (26.80) 4126 (20.92) 9114 (23.78)
Cohabitation status, n (%) <0.0001
Married or cohabiting couple 5701 (30.68) 8051 (40.83) 13 752 (35.90) 70
Single 12 884 (69.32) 11 666 (59.17) 24 550 (64.10)
Ethnic origin, n (%) 0.5772
Danish born 17 659 (95.02) 18 710 (94.89) 36 369 (94.95) 70
Born abroad 926 (4.98) 1007 (5.11) 1933 (5.05)
CCl (categorical), n (%) <0.0001
No comorbidities 17 863 (95.83) 18 580 (94.16) 36 443 (94.97) 0
One comorbidity 577 (3.10) 842 (4.27) 1419 (3.70) 0
Two comorbidities 154 (0.83) 210 (1.06) 364 (0.95) 0
Three comorbidities 46 (0.25) 100 (0.51) 146 (0.38) 0
Psychiatric diagnosis, n (%) <0.0001
No diagnosis 18 345 (98.42) 18 540 (93.96) 36 885 (96.12) 0
>1 diagnosis 295 (1.58) 1192 (6.04) 1487 (3.88)

*P value from a Pearson's y° test.
TCurrency exchange rate of May 2018: 1€=7.44834 K.
CCl, Charlson comorbidity index; mTBI, mild traumatic brain injury.

Premorbid risk factors of not attending ordinary work
We examined the increased prevalence of not attending
ordinary work at 6 months and 5 years for subgroups of
patients and controls. The logistic regression model was
used to examine the influence of mTBI on not attending
ordinary work in of each of the subgroups (table 2).
While single patients with mTBI were more affected on
employment status in the shortterm (OR 1.38, 95% CI
1.30 to 1.46), patients with mTBI with a partner were
marginally more long-term affected (OR 1.64, 95% CI
1.48 to 1.81). A clear inverse educational gradient was
observed, where both in the shortrun and long-run

(OR 1.51, 95%CI 1.31 to 1.74) (OR 2.15, 95%CI 1.78
to 2.59) higher educated patients with mTBI were most
affected on their ability to work. Patients with mTBI with
a non-Danish origin were long-term affected on employ-
ment status (OR 1.98, 95% CI 1.52 to 2.57), which also
was the case with women (OR 1.62, 95% CI 1.48 to 1.77).
We observed a short-term gradient related to age, most
pronounced among the oldest-age group (50-60 years)
(OR 1.54, 95%CI 1.37 to 1.73). However, patients with
mTBI between 30 and 39 years were more long-term
affected on employment status (OR 1.93, 95% CI 1.68 to
1.23). Patients with mTBI with comorbidities were both
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(n=24093)

2003 and 2007, age 18-60 years

between 1998 and 2007.

Hospital admitted, emergency department or outpatient
treated patients with concussion (ICD-10 S06.0) between

No major neurological injuries or concussion between
1998 and 2002 and no external stay out of Denmark

Excluded
(n=4361)
2003-2007

*  Major neurological injuries

(n=522)
*  Unknown residence (n=19)
*  Living in Greenland (n=5)

(n=18 640) (n=19 732)
2008-2012
2008-2012
Matched controls by year, age and

municipality

1092 controls could not be matched

Patients eligible for analysis

*  Not available for work or not
gainfully occupied (n=3911)

Total population included in the study

(n=38372)

Figure 1

short-term and long-term affected (OR 1.81, 95% CI 1.38
to 2.37). Conversely, patients with mTBI without psychi-
atric comorbidities were more affected on employment
status at 5 years postinjury (OR 1.56, 95% CI 1.46 to 1.65)
(table 2).

DISCUSSION

This national register-based cohort study examined the
prevalence of not attending ordinary work and premorbid
risk factors in a large cohort of patients with mTBI up
to 5 years postinjury. Our results provide evidence that
several premorbid risk factors influence labour market
attachment.

Table 1 shows that people with low educational level
have a higher incidence of mTBI. Against expectations,
we found an inversed educational gradient after trauma.
However, the highest educational group seems the
most affected by mTBI in that their excess odds of not
attending ordinary work were the highest compared with
the other two educational groups. The OR is a relative
measure with the advantage that it is independent of the
prevalence of the outcome so that ORs of subgroups can
be directly compared. However, it may be hard to get a

Inclusion of the study population. ICD-10, International Classification of Diseases, version 10.

feel of the effect sizes. For instance, the percentage of not
attending ordinary work is lower the higher the educa-
tion. Hence, a given OR denotes a higher percentage
point difference between mTBI and controls the lower
the education, that is, the higher the baseline probability
of not attending ordinary work.

Our results are not consistent with previous studies,
showing higher education predicting quicker return to
work.” ** Education is a strong predictor of adult occu-
pation and level of income which determines socioeco-
nomic position.*” These variables have consistently been
related to health status and ability to work.*® * Highly
educated individuals are more likely to have flexible
occupations and a high degree of autonomy in their
work schedule and are more likely to have cooperative
employers.* Friedland and Dawson found that patients
with mTBI had significantly higher return to work rates if
they had a job with a high degree of independence and
decision-making, such as being a student, homemaker,
professional or manager.”’ These professions have been
found to have a higher return to work rate compared with
lower skilled and manual workers.”! However, high-edu-
cation occupations may also be characterised by a high
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Controls mTBI Crude OR Adjusted OR
(n=18 640)* (n=19 732)* (95% CI) Pvalue (95% CI)t P value

18-29

5years 3160 (38.62) 3870 (44.31)  1.47 (1.36t0 1.59)  <0.0001 1.56 (1.43to 1.71)  <0.0001

6months 798 (19.33) 1471 (34.29) 1.23(1.13t01.35)  <0.0001 1.31 (1.18t01.46)  <0.0001

40-49

5years 577 (16.71) 1406 (38.49) 1.14(1.00t0 1.30)  0.0492) 1.27 (1.10to1.48)  0.0014

6months 427 (14.85)  979(32.05) 1.41(1.28t01.56)  <0.0001 1.54 (1.37t0 1.73)  <0.0001

Gender

6months 2536 (22.51) 4034 (33.98)  1.24 (1.18101.30)  <0.0001 1.30 (1.22t0 1.37)  <0.0001

Female

5years 2660 (36.07) 3685 (46.88) 1.48 (1.37101.60) <0.0001 1.62 (1.481t01.77)  <0.0001

Low education

5years 2068 (42.69) 4648 (51.93) 1.27 (1.18101.37)  <0.0001 1.32 (1.20t0 1.43)  <0.0001

6months 1978 (24.78) 2511 (33.64) 1.33(1.25t01.40) <0.0001 1.41(1.32to1.51) <0.0001

High education

5years 494 (14.25) 813 (27.25) 1.87 (1.60t02.19) <0.0001 2.15(1.78t02.59)  <0.0001

Single

5years 1973 (34.66) 4037 (50.14)  1.44 (1.35t01.54)  <0.0001 1.54 (1.43t01.66)  <0.0001

6months 3095 (24.01) 3672 (31.48) 1.17(1.10to 1.24) <0.0001 1.21(1.13t0 1.30)  <0.0001

Ethnicity

6months 4730 (26.79) 6767 (36.17) 1.24(1.19t01.29)  <0.0001 1.30 (1.24t0 1.36)  <0.0001

Not Danish born

Continued

(=]
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Table 2 Continued

Controls mTBI Crude OR Adjusted OR
(n=18 640)* (n=19 732)* (95% ClI) P value (95% CI)t P value
5years 359 (38.77) 588 (58.39) 1.86 (1.51t02.31) <0.0001 1.98 (1.52t02.57) <0.0001
Comorbidities
No comorbidity
6 months 4832 (27.05) 6750(36.33) 1.24(1.19t01.29) <0.0001 1.29 (1.24t01.35) <0.0001
Syears 5205 (29.14) 7758 (41.75) 1.40 (1.33t0 1.48) <0.0001 1.52(1.43t01.62) <0.0001
>1 comorbidity
6 months 275 (35.39) 315 (40.54) 1.31 (1.13 to 1.51) 0.0004 1.38(1.15t0 1.66) 0.0006
S5years 539 (46.79) 662 (57.47) 1.61 (1.30t02.00) <0.0001 1.81(1.38t02.37) <0.0001
Psychiatric diagnosist
No diagnosis
6 months 4981 (27.15) 6561 (35.39) 1.26 (1.21t0 1.30) <0.0001 1.31(1.26t01.37)  <0.0001
5years 5368 (29.26) 7600 (40.99) 1.43(1.36to 1.51) <0.0001 1.56 (1.46to0 1.65) <0.0001
>1 diagnosis
6 months 126 (42.71) 728 (61.07)  1.14 (0.90 to 1.43) 0.2780 1.16 (0.89 to 1.51) 0.2868
S5years 152 (51.53) 820 (68.79) 1.12 (0.83 to 1.51) 0.4496 1.12(0.79 to 1.60) 0.5266

*Top row indicates total numbers of included patients and controls in the study. Column numbers and percentages indicate each subgroup

experiencing the outcome.

TORs adjusted for ethnicity, municipality, calendar year, seasonal variation, comorbidities, psychiatric illness, age and gender of not attending

ordinary work for patients with mTBI in comparison to the control group.

FPsychiatric diagnosis in secondary care 5years prior to the index date (1 January 1998-31 December 2002).

mTBI, mild traumatic brain injury.

workload, increased demand for adaptability and have
tasks demanding cognitive and emotionally abilities,
which can be challenging for patients with mTBI who
are affected regarding cognitive functions.’® This empha-
sises the importance of considering young and highly
educated individuals as a particularly vulnerable group at
risk of long-term sickness absence after mTBI.

Our study also found that age influenced attach-
ment to the labour market. At 5 years, we found a lower
labour market attachment in working-age adults between
30 and 39 years, followed by adults between 18 and 29
years. A possible explanation is that adults between 20
and 40 years of age represent groups of fully or nearly
fully trained individuals who are in the process of estab-
lishing professional careers as well as anchoring them-
selves privately, including getting married and having
children. This period of life is therefore producing
high demands from both the family and professional
perspective, leading to adverse outcomes post-mTBI.
Besides that, there may be competing inner psycholog-
ical demands from the person with mTBI regarding one’s
own expectations.

Kristman et alfound that individuals between 20 and 29
years were quicker off social transfer payments than
older individuals.”® However, several other studies have
shown individuals >40 years to have poorer outcome.’
Conversely, we found that individuals between 50 and 60
years were less affected on ability to work at 5 years post-
injury. In the Danish welfare system, certain conditions

are required for voluntary withdrawal from the labour
market (early retirement) before retirement age for indi-
viduals who had payed for such a scheme. The scheme
require avalability for the labour market (excluding sick-
ness absence) and fulfilling the minimum requirments
for income, possibly creating a incentive to maintain an
attachment to the labour market.”

Regarding ethnic origin, we found that the odds were
only slightly higher at 6 months. However, at 5-year
follow-up, they were almost two timers higher compared
with those of Danish origin. Some studies have focused
on outcomes in ethnic minorities after mTBI,56 5 but
only a few on employment.” The studies conducted are
primarily from USA, which can be difficult to use as a
frame of reference to a Danish labour market setting.
Studies on the general population show mixed results.”
However, the evidence generally points to decreased
health, more sick leave spells and higher risk of disability
pension and early retirement among ethnic minori-
ties.” ®" Our study adds further support to these findings.

Although patients had more comorbidities compared
with the general population, we found that the preva-
lence of comorbidities was small, which can be explained
by approximately two-thirds of the included patients
being <50 years. The higher prevalence of comorbidities
compared with the general population is also reported in
a previous study Danish study.”

The odds of not attending ordinary work for patients
with somatic comorbidities were increased both at 6
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months and 5 years compared with those without comor-
bidities. These results are in agreement with previous
research showing that comorbidities predict health-re-
lated quality of life'” and higher use of general practice
services years before the mTBI, indicating higher comor-
bidity burden.” Also, comorbidities have been associated
with the risk of long-term sickness absence in the general
population.”® Our results showed that the prevalence
of not attending ordinary work due to chronic somatic
diseases increased during follow-up, which is expected as
comorbidities increase by age and affect work ability.**

This study found that cohabitation status increased
the odds of not attending ordinary work at 6 months for
those being single. However, the odds were larger for
those being married and cohabiting couple at 5 years.
Additionally, we found only slightly elevated odds of not
attending ordinary work in women at 5-year follow-up
compared with men. A systematic review found female
gender to be one of the strongest prognostic factors
for various symptomatic outcomes.'* Corrigan et al also
demonstrated an interaction between gender, age and
marital status, showing that women were more likely to
be unemployed than men, decreased employment was
most evident for married women and better employment
outcomes were seen with increasing age.” Other studies
report patients being unmarried are more likely to be
unemployed postinjury.®®

Gender effects in outcomes after mTBI have been
extensively discussed especially in terms of predic-
tors of prolonged recovery.'” However, given the small
gender effects demonstrated in this study, the results are
contrasting to what has previously been published. One
possible explanation is that Denmark has a very low level
of gender inequality in general, also in terms of labour
market possibilities.

Finally, extensive research on persistent postconcussive
symptoms after mTBI has previously demonstrated that
preinjury depression, anxiety and neuroticism are signifi-
cant predictors.”’” This study found that absence of psychi-
atric diagnoses predicted not attending ordinary work,
and that the odds did not increase from 6 months to 5
years. For patients with psychiatric diseases, mTBI did not
affect labour market attachment. This was unexpected,
since psychiatric diseases often affect labour market
attachment.”* These results were also in contrast to
increasing odds in patients with physiological comorbid-
ities, which we also demonstrated in this study. However,
it also needs to be remembered that this study evaluated
the presence of psychiatric disease not as a predictor of
worsened outcome, but as a factor that may increase the
effect of mTBI on labour market attachment.

Strengths and weaknesses

This is, to our knowledge, the first large national regis-
ter-based epidemiological study exclusively focusing on
premorbid demographics, comorbidities and psycholog-
ical factors predicting labour market attachment after
mTBI. The use of register data rendered 5 years complete

follow-up possible. The inclusion of a large study popu-
lation with matching controls increased the statistical
power and ensured representativeness. The extraction
of data from national registers prevented recall bias and
selection bias due to non-response. The DNPR was used
to extract the study population and potential confounders
using ICD-10 codes. The DNPR has previously been used
to examine hospital-treated populations; however, some
studies point at variation in data validity for DNPR.%” The
DNPR did not allow access to clinical information, such
as injury severity, and we could not use case definitions
for mTBLY A study showed that the most frequently
used ICD-9 code 850 for concussion only classify limited
number of mTBI cases and also detect severe and
moderate cases.”’ This limitation could lead to misclassifi-
cation and could also be the case for the ICD-10 diagnosis
S06.0. However, this has not been examined. Most Danish
emergency departments classify patients with concussion
on similar criteria, and the population can therefore be
considered homogeneous.”? "' DREAM on social transfer
payments is considered a complete register valid for data
analyses of public health research™ which allowed us to
do long-term follow-up on labour outcomes.

Conclusions and implications

The impact of mTBI on attending ordinary work 6 months
and byears after trauma was different between various risk
factors. Especially sensitive groups are those with high
education, between 30 and 39 years, non-Danish origin,
individuals with somatic comorbidities, single status (at 6
months) and married and cohabiting status (5 years). No
evidence of difference in impact was found for women
and the presence of psychiatric diagnoses.

The study demonstrates the importance of taking
demographic and health-related variables into account
when assessing patients with mTBI at risk for long-term
sickness absence. Relatively little attention has been
paid to the aspects of educational gradient and age gap
on labour market attachment, and the mechanisms
which lead to this inversed social gradient. This should
be studied further in the future in relation to mTBI. We
recommend that patients with mTBI are supported in
reintegrating into the labour market, so long-term exclu-
sion from the workforce is prevented. National guidelines
are recommended to ensure a comprehensive and coor-
dinated standardisation of public services which to date
only exist for patients with more severe head injuries.
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