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Abstract

Obijectives: The study describes functional outcomes and health-related quality of
life (HRQL) in patients with traumatic brain injury (TBI) 20 years postinjury.
Materials and Methods: Forty-four survivors who acquired moderate and severe TBI
during 1995-1996 were followed 10 and 20 years postinjury. Outcomes were
Glasgow Outcome Scale Extended (GOSE), Community Integration Questionnaire
(ClQ), and SF-36 questionnaire (SF-36). Multiple regressions were performed to ex-
amine the relationship between follow-up measurements, controlling for baseline
demographics and injury severity.

Results: There were no significant differences in baseline age and civil status be-
tween moderate and severe TBI, but patients with severe injury had significantly
lower employment rates (p = 0.05). Mean age at 20-years follow-up was 50.8
(SD 11.4) years, and 73% were males. Most patients showed good recovery (52%) or
moderate disability (43%). Disability levels remained stable between and within se-
verity groups from 10 to 20 years. Community integration including social integra-
tion improved from 10 to 20 years (p = 0.01 and p = 0.005, respectively). HRQL
remained stable, except for subscales Bodily Pain and Role Emotional (p = 0.02 and
p = 0.06). Depression at 10 years and females were associated with poorer mental
health, while productive activity at 10 years indicated better physical and mental
health at 20 years postinjury, respectively.

Conclusions: Functional limitations persist even decades after moderate and severe
TBI, with poorer prognosis for females and persons who were depressed at the 10-
year follow-up. Development and evaluation of targeted long-term follow-up pro-
grams and access to rehabilitation services for these groups should be highlighted.
Improved community integration despite stable functional limitations draws atten-

tion to long-term adaptation to adversity and iliness.

KEYWORDS
functional outcomes, long-term follow-up, quality of life, traumatic brain injury

*Authors contributed equally.

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium,

provided the original work is properly cited.

© 2018 The Authors. Brain and Behavior published by Wiley Periodicals, Inc.

Brain and Behavior. 2018;8:e01018.
https://doi.org/10.1002/brb3.1018

wileyonlinelibrary.com/journal/brb3 | 10of 10

Open Access,


www.wileyonlinelibrary.com/journal/brb3
http://orcid.org/0000-0003-1587-5873
http://creativecommons.org/licenses/by/4.0/
mailto:emilie.howe@medisin.uio.no

ANDELIC ET AL.

MWI LEY_Brain and Behavior

Open Access,

1 | INTRODUCTION

A large proportion of patients with moderate and severe traumatic
brain injury (TBI) sustain long-term physical, cognitive, and emo-
tional impairments that have a deep impact on their functioning,
reintegration to society and health-related quality of life (HRQL;
Andelic etal.,, 2009; Forslund, Roe, Sigurdardottir, & Andelic,
2013; Hammond et al., 2004; Jacobsson, Westerberg, Soderberg,
& Lexell, 2009; Ponsford, Draper, & Schonberger, 2008; Schulz-
Heik et al., 2016; Sigurdardottir, Andelic, Roe, & Schanke, 2009;
Wilson etal., 2017). TBIl outcomes up to 10 years postinjury
have been documented in several studies (Andelic et al., 2009,
2015; Dahm & Ponsford, 2015; Jourdan et al., 2016). The find-
ings suggest that patients with moderate and severe TBI experi-
ence persisting functional limitations and decreased employment
rates (Andelic et al., 2009; Forslund et al., 2017; Ponsford et al.,
2008), reduced physical and mental health and elevated probabil-
ities of social isolation (Andelic et al., 2009; Hawthorne, Gruen,
& Kaye, 2009). Being older and female contribute to decreased
physical and mental health (Andelic et al.,, 2009; Forslund et al.,
2013), whereas being employed or involved in productive activi-
ties 10 years after injury contributes to better physical function-
ing, social and psychological well-being and HRQL (Andelic et al.,
2009; Ponsford et al., 2008). Taken together, the studies indicate
that persons with TBI may need professional assistance to improve
functioning and quality of life, even a decade postinjury.

There is limited research worldwide on the very long-term
outcomes after TBI (up to 20 years postinjury; Brown et al., 2011;
Hoofien, Gilboa, Vakil, & Donovick, 2001; Nestvold & Stavem, 2009;
Steadman-Pare, Colantonio, Ratcliff, Chase, & Vernich, 2001), and
few studies have been conducted in Europe. Among these, McMillan,
Teasdale, and Stewart (2012) found that half of the young people
and adults that were assessed reported disability 12-14 years after
head injury. Lexell, Wihlney, and Jacobsson (2016) assessed dis-
ability 6-15 years after injury and confirmed a strong association
between disability and occupational status. Wood and Rutterford
(Wood & Rutterford, 2006) assessed outcomes on average 17 years
after severe injury and reported that although long-term psychoso-
cial functioning remains weakened, community integration levels
were just below those reported for nondisabled patients. Jacobsson,
Westerberg, & Lexell (2010) evaluated HRQL and life satisfaction
6-15 years after TBl. Compared to a reference sample, the TBI pa-
tients reported lower HRQL, except for subscale RE (role emotional)
and the mental component summary (MCS). Patients who were in-
jured a longer time ago reported better overall health compared to
those injured more recently. Furthermore, Nestvold & Stavem as-
sessed determinants of HRQoL in a TBI cohort 22 years after injury,
and found no association between HRQoL and injury data (Nestvold
& Stavem, 2009).

It is challenging to establish which long-term services are needed
to target functional domains that patients with TBI find partic-
ularly difficult (Hoofien etal., 2001), and not only HRQL as has

been performed in previous studies. Multidimensional functional

assessments may help patients and care providers define common
goals, and coordinate service delivery. Such studies are import-
ant both from the epidemiological and rehabilitative perspectives
(Hoofien et al., 2001). The present study aims to broaden the knowl-
edge base on the functional outcomes and factors that contribute in
along-term perspective by following a patient cohort with moderate
and severe TBI from 10 to 20 years after injury. The main objective
was to describe disability levels and HRQL 20 years after injury.
Second, we studied changes in global functioning, community inte-
gration and HRQL from 10 to 20 years postinjury, and identified fac-
tors associated with physical and mental health at 20-year follow-up.
Finally, HRQL in the study population was compared to the general

Norwegian population.

2 | MATERIALS AND METHODS

The study includes a 20-year follow-up of a 2-year TBI cohort in-
jured in 1995/1996, consisting of 62 patients with moderate and
severe TBI who were admitted to the university-affiliated Trauma
Referral Center in Oslo, Norway.

The Glasgow Coma Scale score (GCS; Teasdale & Jennett, 1974)
at the time of emergency admission to the hospital was used to clas-
sify injury severity (moderate injury 9-12 vs. severe 3-8). Baseline
data, including socio-demographics and injury-related factors,
were extracted from the hospital’'s medical records at the 10-year
follow-up which was completed in 2005/2006, and reported previ-
ously (Andelic et al., 2009).

The 20-year follow-up was performed in 2015/2016. The
Regional Committee for Medical Research Ethics, South-East
Norway approved the study (2015/389). Written informed consent
was obtained. Participants were contacted by mail and/or telephone,
thereafter a face-to-face interview with physiatrists (NA and TH,
n = 27) was scheduled. When a direct interview was not possible,
patients or their relatives were contacted by telephone (EIH and NA,
n = 17) to obtain information, including socio-demographics such as
living situation, employment and outcome data, that is, functional

status, community integration and HRQL.

2.1 | Outcome measures applied at 10- and 20-year
follow-up

Functional status was measured by the Glasgow Outcome Scale
Extended (GOSE; Wilson, Pettigrew, & Teasdale, 1998). GOSE is
based on a structured interview and provides an ordinal classifica-
tion of disability into eight categories ranging from death to vegeta-
tive state, lower and upper levels of severe and moderate disability
and lower and upper levels of good recovery.

Community integration was assessed by the Community
Integration Questionnaire (CIQ; Willer, Ottenbacher, & Coad, 1994),
a 15-item scale to assess possible restrictions and effective role
performance within three domains: the home integration (score
ranges 0-10), social integration (score ranges 0-12) and productive
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activities (score ranges 0-7). Subscale scores in sum provide a total
ClQ score ranging from 0 to 29. Higher scores indicate greater inte-
gration and fewer restrictions.

Health-related quality of life (HRQL) was measured by the
Medical Outcomes 36-Item Short Form Health Survey (SF-36; Ware,
Gandek, & IQOLA Project Group, 1994). The SF-36 measures HRQL
along eight subscales: physical function (PF), role limitations due to
physical health (RP), bodily pain (BP), general health (GH), vitality
(VT), social function (SF), role limitations due to emotional health
(RE) and mental health (MH). In addition, a single item reports the
changes in overall health over the past year. Raw scores were trans-
formed into a scale score ranging from O to 100 (worst to best). The
subscales were calculated into the Physical Component Summary
(PCS), consisting of the first four SF-36 subscales (PF, RP, BP, and
GH) and the MCS, consisting of the latter four SF-36 subscales (VT,
SF, RE, and MH).

Beck’s Depression Inventory (BDI; Beck & Beamesderfer, 1974),
a 21-item self-reported depression instrument was applied at the 10-
year follow-up only. BDI score range is 0-63, with scores above 12

indicating depression.

2.2 | Statistical analysis

Descriptive statistics were used to summarize the participants’
demographic and injury characteristics at baseline, as well as the
demographics, and measures of function and HRQL at the 10- and
20-years follow-up. Wilcoxon signed-rank test or paired t-tests
were used to assess the statistical differences between the meas-
urements. The dependent variables in the two regression models
were PCS and MCS at 20 years. Considering the small sample size,
a conservative approach was applied using stepwise regression.
With this method, the Statistical program selected which variables
it would enter (stepping method criteria, probability of F, entry 0.05,
removal 0.10) from a provided list of independent variables (age at
injury and concurrent age, gender, GCS and associated injuries and
10-year functional level (GOSE, CIQ and BDI scores). The PCS, MCS,
and CIQ were modeled as interval variables while the measures of
GOSE (severe/moderate disability vs. good recovery) and Beck
Depression Inventory (BDI, 0-12 vs. >12) were modeled as binary.

The results were presented as adjusted R? and B coefficients
(95% Cl). The strongest models out of three were presented in
Table 2. Prior to regression, multicollinearity, and model assump-
tions were examined using the tolerance and variance inflation fac-
tor (VIF). Distribution of the residuals was examined for normality,
and influential data points were examined using Cook’s distance.

Bar charts were presented to compare the percentage differ-
ences in GOSE levels, and mean differences in the CIQ and SF-36
subscales between the 10- and 20-years follow-up. The mean mea-
sures of SF-36 subscales at 10- and 20-years follow-up were further
compared with the general population in Norway (Loge & Kaasa,
1998). All analyses were performed using the Statistical Package for
the Social Sciences (SPSS, version 24). Statistical significance was
set to p < 0.05.

Open Access,

3 | RESULTS

Since the 10-year follow-up, 4 of the 62 patients had died. A total
of 44 of 58 surviving patients (71% of the original cohort) con-
sented to participation. Table 1 shows the main demographics and
injury characteristics at baseline, 10- and 20-year follow-ups. Mean
current age was 50.8 years (SD 11.4, range 36-75), and 73% were
males. Patients with moderate and severe TBI were similar regard-
ing age at the time of injury, gender, civil status, and education. At
the 20-year follow-up, there were no differences between severity
groups concerning age and civil status, whereas employment status
differed significantly, as 75% of patients with moderate TBI were
in full-time jobs in contrast to 37% of patients with severe injury
(p = 0.05).

3.1 | Functional outcomes

3.1.1 | Glasgow Outcome Scale Extended

In the total sample, the median GOSE score at 20-year follow-up
was 6.0 (Interquartile range, IQR 2.5). Twenty-three patients (53%)
had good recovery, while 19 (43%) presented with moderate, and
two (4%) with severe disability, see Table 1. There were statistically
significant differences in the GOSE median scores between injury
severity groups (p = 0.003); 70% of patients with moderate TBI re-
vealed good recovery, compared to 37.5% of patients with severe
TBI, see Figure 1.

Regarding GOSE scores, there were no significant differences be-
tween males and females (p = 0.39), or between age groups dichot-
omized at the median value (<51 years vs. 251 years; p = 0.84). The
overall GOSE median scores did not change significantly (p = 0.84)
from 10- to 20-year follow-ups (medians 6.5 [IQR 2.5] and 7.0 [IQR
3]), respectively), and no significant differences in GOSE-stability
were found within the severity groups (moderate TBI: median 8.0
[IQR 1] vs. 7.5 (IQR 2.5), p = 0.26 and severe TBI: median 6.0 (IQR 2)
vs. 6.0 [IQR 2], p = 0.14).

3.2 | Community integration

The mean total CIQ score at 20-year follow-up was 21.2 (SD 3.4),
with mean subscale CIQ scores being: Home Integration 6.85 (SD
2.4); Social Integration 9.9 (SD 1.5); and Productive Activity 4.6 (SD
1.8).

There were no significant differences effects of gender (p = 0.69),
nor age (p = 0.38) in the total CIQ mean scores. There was a statis-
tically significant difference in the total CIQ mean scores between
patients with moderate and severe TBI (t = -1.94, p = 0.04), but not
for the CIQ subscales (see Figure 2).

A statistically significantimprovement was found on the total CIQ
mean scores at the 20-years follow-up compared to 10 years (means
21.2,SD 3.4 vs. 19.4, SD 4.5, respectively, p = 0.01; see Figure 2). Of
the CIQ subscales, the Social Integration showed statistically signifi-
cant improvements from 10 to 20 years (means 8.8 SD 2.2 vs. 9.9 SD
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TABLE 1 Demographics and injury characteristics at baseline, and functional status 10 and 20 years post-TBI

Baseline data
Gender
Male
Female
Age (years), Mean (SD)
Civil status
Married/cohabitant
Single
Living with parents
Employment
Full-time
Part-time
Unemployed
Disability pension
Cause of injury
Traffic accidents
Falls
Other
Isolated TBI
TBI with accompanying injuries
Intracranial surgery
Yes

Length of acute hospital stay
Median (range)

10-year follow-up
Age (years), Mean (SD)
Civil status
Married
Single
Living by parents
Missing
Employment
Full-time
Part-time
Disability pension
GOSE levels
3 (lower severe disability)
4 (upper severe disability)
5 (lower moderate disability)
6 (upper moderate disability)
7 (lower good recovery)
8 (upper good recovery)
ClQ total score, Mean (SD)

CIQ home integration score

Moderate TBI, n = 20 (%)

13 (65)
7 (35)
31.4(12.3)

11 (55)
3(15)
6(30)

15 (75)
1(5)
3(15)
1(5)

13 (65)

5(20)
2 (15)
9 (45)
11 (55)

4(20)
6(2-15)

41.3(12.5)

14 (70)
6(30)
0
0

15 (75)
2(10)
3(15)

0
0
0
4(20)
5(25)
11 (55)
20.5(3.8)
5.9(2.3)

Severe TBI, n = 24 (%)

20 (80)
4(20)
29.5(10.2)

12 (50)
6(25)
6 (25)

22(92)
0
1(4)
1(4)

17 (70)
5(20)
2 (10)
6 (25)

18 (75)

7(32)
7.5 (2-64)

39.13(10.3)

14 (58)
8(32)
1(5)
1(

5)

6 (25)

p-Value

0.16

0.44

0.51

0.39

0.68

0.09

0.48
0.11

0.54

0.27

0.01

0.01

0.09
0.80

Total sample,
N = 44 (%)

33(75)
11 (25)
30.4 (11.2)

23 (51)
9(21)
12 (28)

11 (25)
6(2-64)

40.1(11.3)

21 (48)
8(18)
15(34)

1(2)

2(4)
8(18)
11 (26)
8(18)
14 (32)
19.3 (4.5)
6.0(2.4)

(Continues)
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TABLE 1 (Continued)

ClQ social integration score
ClQ productivity score
SF-36 scores, Mean (SD)

Physical component
summary (PCS)

Mental component summary
(MCS)

BDI
Depression (score >12)
No depression (score <12)
20-year follow-up
Age (years), Mean (SD)
Civil status
Married
Single
Living by parents
Employment
Full-time
Part-time
Disability pension
Retired
GOSE levels
3 (lower severe disability)
4 (upper severe disability)
5 (lower moderate disability)
6 (upper moderate disability)
7 (lower good recovery)
8 (upper good recovery)
ClQ total score, Mean (SD)
ClQ home integration score
ClQ social integration score
CIQ productivity score
SF-36 scores, Mean (SD)

Physical component
summary (PCS)

Mental component summary
(MCS)

Moderate TBI, n = 20 (%)

9.1(2.1)
5.5(1.4)

76.0 (21.0)

79.0 (13.5)

4(20)
16 (80)

52(10.6)

14 (70)
6 (30)
0

15 (75)
0(0)
3(15)
2 (10)

0(0)
0(0)
2 (10)
4(20)
4(20)
10 (50)
22.3(3.2)
7.6 (2.0)
9.8(1.8)
4.9(1.8)

83.0(16.0)

80.0(17.0)

Severe TBI, n = 24 (%)

8.6(2.3)
3.7(1.9)

67.0 (26.0)

71.0(21.0)

5(23)
17(77)

50.2(12.4)

14 (58)
9(37)
1(5)

9(37)
2(10)
9 (45)
4(8)

4)
4)
38)
7

[N

2
12)
20.2 (3.3)
6.2 (2.5)
9.9(1.8)
4.3(1.7)

W oA 0O -
S

(
(
(
(
(
(
(

77.0(23.0)

71.0 (24.0)

p-Value

0.48
0.001

0.16

0.32

0.83

0.61

0.65

0.05

0.07

0.04
0.06
0.90
0.23

0.16

0.32
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Total sample,

N =44 (%)
8.8(2.2)
4.5(1.9)

71.0(22.0)

75.0 (18.0)

9(21)
33(79)

51(11.3)

28 (64)
15 (34)
1(2)

24 (54)
2(5)
12 (27)
6 (14)

1(2)
1(2)
11 (25)
8(18)
10 (23)
13(30)
21.2 (3.4)
6.8(2.4)
9.9 (1.5)
4.6(1.8)

80.0(20.0)

75.0 (21.0)

Notes. BDI: Beck’s Depression Inventory; CIQ: Community Integration Questionnaire; GOSE: Glasgow Outcome Scale Extended; SD: standard devia-

tion; TBI: traumatic brain injury.

Italic values indicate statistically significant differences (p < 0.05).

1.5, respectively, p = 0.005). Mean scores changes within the sever-
ity groups from 10- to 20-year follow-up showed statistically signif-
icant differences for total CIQ mean score (moderate TBI p = 0.02,
severe TBI p = 0.08), Home Integration (moderate TBI p = 0.002) and
Social Integration (severe TBI p = 0.004). Productive Activity mean
scores approached significance in both severity groups (p = 0.08).

TBI severity.

3.3 | Health-related quality of life

The mean score of the SF-36 domains is displayed in Figure 3.
There were no significant differences in the mean scores of any

SF-36 dimensions between males and females, age groups or
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FIGURE 1 The distribution of GOSE levels in percentages at 10-
and 20 years post-TBI by injury severity groups
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FIGURE 2 Community Integration Questionnaire (CIQ) Mean
scores 10 and 20 years post-TBI by injury severity groups

There were no significant differences in the mean scores of
SF-36 subscales between 10 and 20 years, except for Bodily Pain,
with higher scores at 20 years indicating less pain (67.4 vs. 80.4
p = 0.02, respectively). Role Emotional mean score approached
significance (p = 0.06). The analysis of changes in mean scores
within the severity groups from 10 to 20-year follow-up showed
statistically significant differences for: General Health (moderate
TBI 71.6 vs. 80.0 p = 0.03, indicating better general health at 20-
years), and approached significance for Bodily Pain (severe TBI
64.2 vs. 79.0 p = 0.08 indicating less pain) and Role Emotional
(severe TBI 85.7 vs. 71.5 p =0.09 indicating a trend toward

worsening).

3.4 | Factors associated with PCS and MCS
20-years after injury

The multiple regression models are presented in Table 2. The adjusted
R? of PCS was 29%, meaning that the predictors (BDI and CIQ pro-
ductivity score at 10-years) explained almost one-third of the PCS
variance at 20-years. The B coefficient was negative for BDI mean-
ing that depression at 10-years predicted poorer PCS 20-years after
TBI. Furthermore, the B coefficient was positive for CIQ productivity,
implying that productive activities at 10-years predicted better PCS
at 20-year.

The adjusted R? of MCS was 45%, meaning that factors such
as gender, BDI and CIQ productivity scores at 10-years explained
almost half of the variance in MCS at 20-years. The B coefficients
were negative for gender and BDI meaning that female gender and
depression at 10-years predicted poorer MCS at 20-years, whereas
the B coefficient was positive for CIQ productivity, meaning that
productive activities at 10-years predicted better MCS at 20-years.

3.5 | HRQL comparison with the general
population of Norway

Figure 4 presents the mean SF-36 scores 10 and 20 years postin-
jury compared to the Norwegian general population (Loge & Kaasa,
1998). The SF-36 subscales are presented from left to right; the
four-first subscales cover physical health and the four last subscales
cover mental health. Twenty years post-TBI, the SF-36 mean scores
were comparable with the general population, except for Emotional

role (with score difference >5 scale points).

4 | DISCUSSION

This study described disability levels and HRQL 20 years after mod-
erate and severe TBI, changes in global functioning, community inte-
gration and HRQL from 10 to 20 years, and factors associated with
physical and mental health.

In terms of demographic variables and TBI severity, differences
were found only in employment status at 20-years post injury,
where 75% of patients with moderate TBI were in full-time jobs
compared to 37% with severe TBIl. Employment rates remained
stable in the moderate TBI group from baseline to 10- and 20-year
follow-up. The total percentage of working patients in the severe
TBI group remained unchanged from 10 to 20 years follow-up,
and is similar to numbers reported by Wood (2008). However, the
number of patients with severe TBI working full-time is 12% higher
at the 20-year follow-up compared to the 10-year follow-up, sug-
gesting a long-term potential for increased work-participation, par-
ticularly in those working part-time. Nonetheless, the percentage
of patients with severe TBI receiving disability pension remained
unchanged. As the patients with severe TBI included in this study
are still in their productive ages, a loss of work productivity results

in a substantial financial burden both at the individual and societal
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10 Years
GCS (3-8)
GCS (9-12)
20 Years
GCS (3-8)
GCS (9-12)
FIGURE 3 SF-36—Mean scores 10
and 20 years post-TBI by injury severity
groups 0 20 0 60 80 100
M Severe Disability (GOSE 3-4) m Moderate Disability (GOSE 5-6) ' Good Recovery (GOSE 7-8)
TABLE 2 Results from the multiple e PCS 20-vear
regression models of SF-36 component v Y
summary scores (n = 42) Variables B coefficient (95% CI)  p-Value B coefficient (95% Cl)  p-Value
Constant 78.64 (58.3; 98.9) <0.001 68.67 (53.59; 83.74) <0.001
Gender -14.77 (-26.28; -3.6) 0.013
BDI 10-year -16.45 (-29.5; -3.4) 0.015 -20.63 (-38.45; -6.78) 0.005
ClQ productivity 4.9 (1.53; 6.85) 0.003 3.39(0.5; 6.38) 0.023
10-year

Notes. Adjusted R*: MCS = 0.446; PCS = 0.294.
BDI: Beck’s Depression Inventory; CIQ: Community Integration Questionnaire; MCS: mental com-
ponent summary; PCS: physical component summary.

levels (Tuominen, Joelsson, & Tenovuo, 2012). This highlights the
importance of providing vocational rehabilitation services and vo-
cational support to optimize community integration and work par-
ticipation also in the very long-term perspective post-TBI (Brown
etal, 2011).

Global functional status was stable from 10 to 20 years, except
for a tendency toward slight improvement in patients with severe
TBI. Most patients showed good recovery (53%) or moderate disabil-
ity (43%), as measured by GOSE at 20 years of follow-up. However,
a very small sample of participants (4%) had severe disability. These
values are consistent with the findings of previous studies (McMillan
etal, 2012; Schulz-Heik et al., 2016). Roughly two-thirds of the
patients with moderate TBI revealed good recovery in contrast to

one-third of patients with severe TBI indicating a long-term differen-
tial effect of severe and moderate TBI which is in line with findings
from previous research (Forslund et al., 2017; Ponsford et al., 2008).

The overall community integration at 20-year follow-up did not
differ from the general population (Corrigan, 1994), suggesting suc-
cessful long-term community reintegration (Wood & Rutterford,
2006). Age and gender had no impact on community reintegration.
However, injury severity influenced community integration, in line
with previous studies (Andelic et al., 2015; Sandhaug, Andelic,
Langhammer, & Mygland, 2015; Winkler, Unsworth, & Sloan,
2006). The results also showed significant improvements in the
community integration from 10 to 20 years both in between and
within TBI severity groups. The Social Integration subscale showed
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the greatest change in the total sample and in patients with se-
vere TBI, whereas Home Integration was greater in patients with
moderate TBI. These results may suggest that these domains of
community integration can improve in a long-term perspective;
in line with the study by Brown et al. (2011) which indicated that
adaptation to impairment-related limitations improves as the time
since injury increases.

In the evaluation of HRQL at the 20-year follow-up, no statis-
tically significant differences were found between SF-36 dimen-
sions and age, gender or injury severity groups. The latter is in line
with results from the previously mentioned studies by Jacobsson
and Nestvold (Jacobsson et al., 2010; Nestvold & Stavem, 2009).
With respect to the 10- to 20-year follow-up, reduction in bodily
pain from 10 to 20 years may suggest that the physical TBl-related
consequences are weakened over time, as reported in other
studies (Soberg, Bautz-Holter, Finset, Roise, & Andelic, 2015).
Furthermore, individuals with TBI may adapt over time and experi-
ence a large degree of psychological and emotional normalization
and better HRQL in the long-term perspective (Bonanno, 2004;
Brown et al., 2011).

Factors such as depression and productive activities in the
first decade after injury may influence subsequent physical
health, as depression and CIQ productivity at 10 years explained
one-third of the variance in PCS at the 20-years follow-up. These
predictors, along with female gender, accounted for almost half of
the variance in MCS at 20 years. In this sense, the presence of de-
pression at 10-year follow-up, together with being female, influ-
enced mental health negatively at 20 years of follow-up. Previous
studies on TBI (McCarthy et al., 2006), and the general population
have also reported more psychosocial distress and worse mental
health in females as compared to males (Loge & Kaasa, 1998). The
results of the influence of depression are in line with other stud-
ies indicating that depression is strongly associated with HRQL
(Steadman-Pare et al., 2001). In contrast, CIQ productivity at
10 years influenced physical and mental health positively 20 years
after the injury. This is also line with previous studies that have

reported that productivity is a cornerstone to achieving a good

== Study population 20-year
follow-up ( n=42)

Study population 10-year
follow-up (n=57)

=—#=General population (n=2323)

FIGURE 4 Mean SF-36 subscale score
profile; the study population (n = 42) at
20 year postinjury compared to the study
population (n = 57) at 10 year postinjury
and general population of Norway
(n=2,323)

HRQL (Jacobsson et al., 2010) through greater self-fulfillment and
increased opportunities.

Taken together, the study results which included a multidimen-
sional evaluation of functioning 20-years postinjury are clinically
relevant and may provide a basis for the development of long-term
targeted follow-up programs, and specific strategies for healthcare
service delivery and goals of professional assistance, in order to pro-
mote positive outcomes over the life span after TBI.

This study has several limitations that should be addressed. First,
all study participants initially included were individuals with moder-
ate and severe TBI, between 16 and 55 years old, and received care
in the South-Eastern region of Norway. This may limit the generaliz-
ability to other populations. In addition, the statistical analyses were
limited by a small sample size. Attrition to follow-up is a common
problem for any long-term longitudinal study, and this may introduce
selection bias, as the most improved patients often remain available
(Gray et al., 2017). In this study, 70% of the original cohort consented
for 20-year follow-up, which we consider acceptable. Only 4% had
severe disability on the GOSE, and 53% showed good outcome. We
can therefore not rule out that the sample may have been biased
toward individuals who survived from moderate-to-severe TBI and
are living in the community, and those who were able to self-report
their outcomes.

In conclusion, the rate of disability reported in the study at
10 years remains stable at 20 years after injury, while the commu-
nity integration as well as the HRQL has reached values similar to
the general populations. The fact that levels of disability remained
unchanged, calls attention to the human capacity to adapt over
time, and to obtain good community integration and quality of life
despite continued and chronic consequences of TBI. Female gen-
der and depression influenced the health outcomes negatively,
whereas productivity was an important positive factor for better
physical and mental health. The findings have important implica-
tions for management of patients in the chronic phase of TBI indi-
cating the need for long-term tailored follow-up programs to allow
detection and intervention for depression and other TBI-related

health problems, and training in self-management to improve
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health and well-being. Furthermore, access to comprehensive and
coordinated rehabilitation services and vocational support in the
very long-term post-TBI to optimize community integration and
participation in productive activities, and to educate patients and
their families to prevent or reduce late-developing problems is im-
portant. This is in line with a comprehensive review regarding brain
injury rehabilitation, showing that comprehensive and holistic re-
habilitation can improve community integration, functional inde-
pendence, and productivity, even for patients who are many years

post injury (Cicerone et al., 2011).
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