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Abstract

Objective: To examine the trajectories of persistent postconcussion symptoms (PPCS) after mild traumatic brain injury (MTBI) and to investigate

which injury-related and personal factors are associated with symptom reporting.

Design: Prospective longitudinal cohort study. Follow-up at 3 and 12 months postinjury.

Setting: A level 1 trauma center and an emergency outpatient clinic.

Participants: Patients with MTBI (n=358), trauma controls (n=75), and community controls (n=78).

Main outcome measures: Symptoms were assessed with the British Columbia Postconcussion Symptom Inventory (BC-PSI). Participants were

categorized as having moderate to severe PPCS (msPPCS) when reporting ≥3 moderate/severe symptoms or a BC-PSI total score of ≥13. BC-PSI
total scores were compared between the groups and were further used to create cutoffs for reliable change by identifying uncommon and very

uncommon change in symptoms in the community control group. Associations between symptom reporting and 25 injury-related and personal fac-

tors were examined.

Results: The MTBI group had a similar prevalence of msPPCS at 3 and 12 months (21%) and reported more symptoms than the control groups.

Analyses of individual trajectories, however, revealed considerable change in both msPPCS and BC-PSI total scores in the MTBI group, where

both worsening and improvement was common. Intracranial lesions on computed tomography were associated with a greater likelihood of improv-

ing from 3 to 12 months. Those with msPPCS at both assessments were more likely to be women and to have these personal preinjury factors:

reduced employment, pain, poor sleep, low resilience, high neuroticism and pessimism, and a psychiatric history.

Conclusions: Group analyses suggest a stable prevalence of msPPCS the first year postinjury. However, there was considerable intraindividual

change. Several personal factors were associated with maintaining symptoms throughout the first year.
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The majority of people who sustain a mild traumatic brain injury

(MTBI) experience a period of days or weeks with somatic, emo-

tional, or cognitive symptoms, such as headaches, irritability, or

attention problems, followed by a return to their normal function.1

These symptoms are called postconcussion symptoms (PCS). A

considerable minority, however, will suffer from PCS for months

or years,1,2 henceforth called persistent postconcussion symptoms

(PPCS) when referring to their presence at 3 months postinjury or

later. The nature and prevalence of PPCS after MTBI have been

reported in numerous cross-sectional studies and in some longitu-

dinal studies.3-11 However, surprisingly few have examined the

individual trajectories of PPCS in adults recruited from the time of

injury.6,8 Postconcussion-like symptoms are common in other con-

ditions, such as depression and chronic pain, and are even com-

mon in community controls.2,12,13 Thus, to obtain a more

complete understanding of the dynamic course of PPCS, it is

important to compare change in symptoms over time after MTBI

to the typical change in people who have not sustained a brain

injury.

The risk of developing PPCS varies between individuals, and

several personal factors, such as employment status, sex, preinjury

health, and personality traits, are associated with symptom report-

ing,14-21 though the literature related to injury-related factors, such

as intracranial lesions on computed tomography (CT), remains

largely inconclusive.22 Further, it has not been determined how

the different factors are associated with the stability and change of

PPCS reporting throughout the first year after MTBI. Our research

group has previously published an article on the association

between personal factors and PPCS at 3 months.19 We now extend

this study with a longitudinal examination of symptoms. The pres-

ent study examined the trajectories of PPCS in a large sample of

persons with MTBI, trauma controls (TCs), and community con-

trols (CCs) at 3 and 12 months postinjury. Additionally, we exam-

ined how injury-related factors and personal factors were

associated with PPCS reporting from 3 to 12 months postinjury.
Methods
Participants

The participants were part of the Trondheim MTBI follow-up

study, a population-based study consisting of 378 patients with

MTBI, recruited between April of 2014 and January of 2015.23

The study recruitment procedure identified all patients with MTBI

in the catchment area who were seeking acute care after head

trauma during the inclusion period (n=732), and the differences
List of abbreviations:

BC-PSI British Columbia Postconcussion Symptom Inventory

CCs community controls

CT computed tomography

LOC loss of consciousness

msPPCS moderate to severe persistent postconcussion symptoms

MTBI mild traumatic brain injury

PCS postconcussion symptoms

PPCS persistent postconcussion symptoms

PTA posttraumatic amnesia

TCs trauma controls

TBI traumatic brain injury
between the 378 enrolled and those not enrolled were small;

hence, the patients in the follow-up study have been shown to be

fairly representative of all patients seeking health care for an

MTBI.23 The inclusion criteria were to have sustained a traumatic

brain injury (TBI)24 and to be 16-59 years of age. The TBI was

further defined as mild based on the criteria set by the WHO Col-

laborating Centre Task Force: (1) loss of consciousness (LOC) of

<30 minutes; (2) Glasgow Coma Scale score of 13-15 when

assessed in the emergency department; and (3) posttraumatic

amnesia (PTA) lasting <24 hours.25 LOC had to be witnessed to

be classified as present, whereas PTA was based on self-report.

The radiology reports from acute head CTs were used for informa-

tion about intracranial lesions. The exclusion criteria were (1)

ongoing substance abuse or severe medical or psychiatric prob-

lems (eg, bipolar disorder, psychosis, cancer) deemed severe

enough to interfere with follow-up; (2) a previous complicated

mild, moderate, or severe TBI or a severe neurologic disorder (eg,

multiple sclerosis, stroke); or (3) nonfluency in Norwegian.

For the present study, 75 TCs and 78 CCs were included.

Recruitment of patients with MTBI and the TCs took place at 2

emergency departments: (1) a level 1 trauma center in Trondheim,

Norway, and (2) the outpatient clinic Trondheim Municipal Emer-

gency Clinic. The CCs were recruited among staff and acquaintan-

ces/family of staff and patients. The TCs were matched on age and

sex on a group level, and the CCs were matched on age, sex, and

education, a strategy that resulted in groups comparable on most

characteristics.19 The TCs had suffered orthopedic injuries not

involving the head, neck, or dominant upper extremity. The CCs

and TCs had the same exclusion criteria as the patients with

MTBI. The CCs did not receive treatment for any psychiatric dis-

order at the time of inclusion. The study was approved by the

regional committee for research ethics (REK 2013/754). All par-

ticipants gave informed consent, as did parents of participants

younger than 18 years of age.
Study procedures

Patients were consecutively identified based on lists of emergency

department visits and CT referrals and approached and enrolled as

previously described.23 Data on injury-related and personal char-

acteristics were collected shortly after the injury, through a struc-

tured interview and questionnaires. Interviews were conducted by

telephone and the questionnaires were either completed at the hos-

pital or sent and returned by mail. At 3 and 12 months postinjury,

all participants underwent an outcome evaluation interview by

telephone or at the hospital.
Personal preinjury factors

Details on the 22 personal factors analyzed in the present study are

presented in table 1. Information on age, sex, years of completed

education, school marks, reading difficulties, work status, previous

MTBIs, pain, psychiatric history, sleep quality, and substance use

was obtained by interview. Information regarding preinjury head-

ache, alcohol use, attention deficit hyperactivity disorder symp-

toms, personality traits, life orientation (optimism/pessimism),

threatening events, and resilience was obtained through question-

naires.
www.archives-pmr.org
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Table 1 Measurement of 22 personal preinjury factors

Variable Measures and Categorization Collection Method and Measure Details

Age Years Medical records

Sex Woman or man Medical records

Education Years of completed education. Starting from the

first year of school (6 years of age)

Self-report, interview

School marks Average high school marks (1-6 scale) Self-report, interview

Reading difficulties Recorded as “yes” if the person had been

diagnosed with reading difficulties

Self-report, interview

Reduced work/studies Recorded “yes” if the person had worked/studied

<80% (of a 37.5-h week)

Self-report, interview

Previous MTBI Recorded as “yes” if the person had sustained 1

or more head traumas likely to have fulfilled

the MTBI criteria in the present study

Self-report, interview

Pain Recorded as “yes” if the person had non-

headache pain in any part of the body graded

≥3 on a 0-10 numeric rating scale

Pain map and numeric rating scale

Headache Recorded as “yes” or “no” Item from self-report questionnaire.

“Have you suffered from headache during the last year?”

Psychiatric history Recorded “yes” if the person reported having

sought health care for a psychiatric illness

Self-report, interview

Substance use Recorded “yes” if the person reported using drugs

other than alcohol

Self-report, interview

Poor sleep quality Insomnia Severity Index.26 The mean of the first

3 items: difficulties falling asleep, staying

asleep, and waking up too early, was used

Self-report questionnaire, with a 5-point Likert scale. Higher

scores indicate greater sleep problems. The first 3 questions were

administered as an interview

ADHD symptoms Adult ADHD Self-Report Scale version 1.1. The

total score was calculated for the full scale (all

18 items)27-29

Self-report questionnaire. Higher scores indicate more attention/

hyperactivity problems. 2 missing items accepted

Alcohol use The Alcohol Use Disorders Identification Test.30

The total score of the 10 items

Self-report questionnaire. Higher scores indicate higher

consumption. 2 missing items accepted

Personality traits Big Five Inventory (BFI-44).31,32 A short form of

the Big Five Inventory including 44 items. The

mean score for each scale was calculated

Self-report questionnaire yielding scores on extroversion,

agreeableness, conscientiousness, neuroticism, and openness.

Higher scores indicate higher levels of the personality trait. At

least 50% of the items in each personality domain had to be

answered for that scale to be calculated

Pessimism Life Orientation Test-Revised.33,34 The mean

score was used

Self-report questionnaire with 10 items, 6 of them measuring

optimism/pessimism, and 4 fillers (not scored items). Lower

scores indicate higher optimism and the variable is therefore

referred to as “pessimism.” 2 missing items accepted

Threatening life events List of Threatening Events Questionnaire.35,36

The total number of events was calculated

Self-report questionnaire measuring experience of environmental

stressful events during the last year. The Norwegian version

comprised 13 items. 2 missing items were accepted

Resilience Resilience Scale for Adults. This study used the

total resilience score, which was the mean of

all item scores37-39

Self-report questionnaire with 33 items measuring 6 dimensions

(perception of self, planned future, social competence, family

cohesion, social resources, and structured style) and a score of

total resilience. Higher scores indicate higher resilience. 3

missing items accepted

NOTE. Adapted from Skandsen et al.19

Abbreviation: ADHD, attention deficit hyperactivity disorder.
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Persistent postconcussion symptoms

PPCS were measured with the British Columbia Postconcussion

Symptom Inventory (BC-PSI). The BC-PSI consists of items mea-

suring 13 core symptoms: headache, dizziness, nausea, fatigue,

noise sensitivity, irritability, sadness, nervousness, temper prob-

lems, poor concentration, memory problems, reading disability,

and sleep problems.12 The frequency and intensity of symptoms

are reported on a 0-5 scale. These scores are converted to a com-

bined score between 0 and 4, with higher scores indicating greater
www.archives-pmr.org
severity and frequency. Two outcome measures were calculated

from the BC-PSI. First, we made a variable representing PPCS as

a binary outcome (having moderate to severe PPCS or not),

referred to as msPPCS. We categorized participants as having

msPPCS if at least 1 of the following 2 criteria was met: (1) report-

ing ≥3 moderate to severe symptoms, that is, a score of 3 or 4; or

(2) having a total score of ≥13 points. Second, we also investi-

gated the symptom severity load as a continuous variable;

thus, the second outcome variable is the BC-PSI total score (range,

0-52).

http://www.archives-pmr.org
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Statistical analyses

Chi-square tests were used to calculate whether the proportion of par-

ticipants fulfilling the msPPCS criteria differed between the patients

with MTBI, TCs, and CCs. Kruskal-Wallis tests were used to exam-

ine differences between the 3 groups on the BC-PSI total score.

Several methods to calculate reliable change exist.40 However,

most assume a reasonably normal distribution of scores. In PCS

scales, this assumption is often violated. We therefore used the

natural distribution of change scores to calculate reliable

change.41,42 First, data from the CCs were used to create cutoffs

for reliable change for the BC-PSI total score. The change scores

were calculated by subtracting the 3-month assessment score from

the 12-month assessment score. By examining the natural distribu-

tion of change scores in the CCs, uncommon and very uncommon

change scores (ie, cutoffs) were identified. These represent

improvement or worsening in symptoms reported by ≤10%
(uncommon change) and ≤5% (very uncommon change), respec-

tively. That is, in this study we predefined the percentages and not

the actual cutoffs. The cutoffs were utilized to identify the percent-

age of patients with MTBI and TCs who had an improvement or

worsening that was uncommon, or very uncommon, among CCs.

Chi-square and Kruskal-Wallis tests were used to compare 4

groups of patients with MTBI on injury-related and personal
Table 2 Characteristics of the MTBI group, TCs, and CCs

Variables MTBI Group

n 358

Age, years

Mean (SD) 31.5 (13.0)

Median (IQR) 25.5 (20.9-41.3)

Sex female, n (%) 122 (34.1)

Education years, median (IQR) 13 (12.0-16.0)

Previous MTBI yes, n (%) 76 (21.4)

Cause of injury,* n (%)

Fall 129 (36.0)

Violence 59 (16.5)

Bicycle 57 (15.9)

Sports accident 50 (14.0)

Motor vehicle accident 40 (11.2)

Struck object 17 (4.7)

Other /unknown 6 (1.7)

LOC yes/missing, n (%) 167 (46.6)/130 (36.3)

PTA long, 1-24 h, n (%) 98 (27.4)

CT Findings yes/not performed n (%) 20 (5.6)/77 (21.5)

GCS, n (%)

13 5 (1.4)

14 50 (14.0)

15 264 (73.7)

Unknown 39 (10.9)

Fractures (any), yes, n (%) 56 (15.6)

Level of care, n (%)

Not admitted 247 (69)

Observed <24 h 57 (15.9)

Admitted neurosurgery 37 (10.3)

Admitted other 17 (4.7)

Bold values equal P<.05.
Abbreviations: GCS, Glasgow Coma Scale; IQR, interquartile range.
* Each patient was registered within 1 category, reflecting the primary cause

Bold values equal P<.05.
factors: (1) stable msPPCS (fulfilled the msPPCS criteria at both

assessments), (2) stable no msPPCS (did not fulfill the msPPCS

criteria at either assessment), (3) msPPCS worseners (fulfilled the

criteria at 12 months only), and (4) msPPCS improvers (fulfilled

the criteria at 3 months only). The unadjusted P values are

reported along with the comparisons still significant after Bonfer-

roni correction for multiple comparisons. Post hoc comparisons

were performed on factors significant after Bonferroni correction.
Results
Participant characteristics

Of the 378 patients with MTBI in the Trondheim MTBI follow-up

study, 358 completed the BC-PSI at least once and were included

in the present analyses. The mean age in the sample was

31.5 years, 34.1% were women, and 69% were not admitted to the

hospital. There were 75 TCs and 78 CCs who completed the BC-

PSI at least once. No statistically significant differences were

found between the patients with MTBI, TCs, and CCs in age, sex,

or level of education. However, the patients with MTBI reported

significantly more prior MTBIs (table 2).
Trauma Controls Community Controls P

75 78

.375

32.5 (13.3) 33.2 (13.0)

27.5 (21.0-46.2) 28.5 (23.0-44.0)

30 (40.0) 31 (39.7) .457

14 (12.0-16.0) 13 (12.0-16.0) .057

6 (8.0) 9 (11.5) .006

23 (30.7) — —
1 (1.3) — —
7 (9.3) — —

27 (36.0) — —
3 (4.0) — —
5 (6.7) — —
9 (12.0) — —

— — —
— — —
— — —

— — —
— — —
— — —
— — —
44 (58.6) — —

64 (85.3) — —
— — —
— — —
11 (14.7) — —

of injury.

www.archives-pmr.org
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Table 3 Differences between groups in msPPCS (total score ≥13 or ≥3 moderate/severe symptoms on the BC-PSI) and BC-PSI total score at 3

and 12 months

MTBI Group Trauma Controls Community Controls P Post hoc

3 months, n 337 75 77

msPPCS, n (%) 70 (20.8) 6 (8.0) 1 (1.3) <.001 MTBI>TC,CC
BC-PSI total score .041 MTBI>TC,CC
Mean (SD) 6.5 (8.2) 3.8 (5.5) 3.1 (3.2)

Median (IQR) 3.0 (0.0-10.0) 1.0 (0.0-6.0) 2.0 (0.5-4.5)

12 months, n 323 71 68

msPPCS, n (%) 67 (20.7) 9 (12.7) 2 (2.9) .001 MTBI>CC
BC-PSI total score .010 MTB>TC,CC
Mean (SD) 6.6 (8.0) 4.8 (7.7) 3.0 (3.1)

Median (IQR) 4.0 (0.0-10.0) 1.0 (0.0-7.0) 2.0 (1.0-4.0)

Bold values equal P<.05.
Abbreviation: IQR, interquartile range.

Bold values equal p <.05.
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Group differences in msPPCS and the BC-PSI total
score at 3 and 12 months

There were significant differences between the groups in preva-

lence of msPPCS at both 3 months (P<.001) and 12 months

(P=.001). At 3 months, 20.8% of the MTBI group met the classifi-

cation criteria for msPPCS, significantly more than among TCs

(8.0%) and CCs (1.3%). At 12 months, 20.7% of the MTBI group

met the criteria, significantly more than the CCs (2.9%) but not

the TCs (12.7%). The patients with MTBI had a significantly

higher BC-PSI total score than both the TCs and CCs at 3 and 12

months (table 3).
Trajectories of msPPCS from 3 to 12 months

Of the patients with MTBI who completed both assessments

(n=302), 11.6% met the criteria for msPPCS both times (n=35; sta-

ble msPPCS), 70.2% at neither assessment (n=212; stable no

msPPSC), 8.9% at 3 months only (n=27; msPPCS improvers), and

9.3% at 12 months only (n=28; msPPCS worseners). From these
Fig 1 Illustration of the change in msPPCS in patients with MTBI betwe

PPCS�, does not meet the criteria for msPPCS.

www.archives-pmr.org
data it follows that 55.6% of patients with msPPCS at 3 months

still met the criteria at 12 months (35/63) and that 88.7% who did

not have msPPCS at 3 months also did not have msPPCS at 12

months (212/239; figure 1). Descriptive statistics for the msPPCS

groups on the BC-PSI total score showed considerable change in

msPPCS improvers and worseners from 3 to 12 months (table 4).
Trajectories of the BC-PSI total score from 3 to 12
months

Cutoffs for reliable uncommon and very uncommon improvement

and worsening in BC-PSI total scores among CCs are presented in

table 5. For example, in the CCs, improving ≥5 points (uncommon

change) occurred in fewer than 10%, and improving ≥8 points

(very uncommon change) occurred in fewer than 5%. The percent-

age of patients with MTBI and TCs whose BC-PSI total score

improved or worsened reliably from 3 to 12 months, based on the

cutoffs derived from the CCs, are also presented in table 5. An

uncommon improvement was observed in 20.9% of the MTBI
en 3 and 12 months after injury. PPCS+, meets the criteria for msPPCS;

http://www.archives-pmr.org


Table 4 BC-PSI total score in the msPPCS groups at 3 and 12 months

Stable msPPCS n=35 Stable No msPPCS n=212 msPPCS Worseners n=27 msPPCS Improvers n=28

3 months

Mean (SD) 22.9 (8.0) 2.6 (3.4) 5.2 (3.3) 17.7 (3.4)

Median(IQR) 22.0 (16.0-29.0) 1.0 (0.0-5.0) 6.0 (3.0-8.0) 17.5 (15.3-19.0)

12 months

Mean (SD) 21.2 (6.5) 2.8 (3.3) 17.1 (5.6) 5.4 (3.2)

Median (IQR) 22.0 (16.0-25.0) 1.0 (0.0-5.0) 16.0 (13.0-20.0) 5.5 (3.0-7.0)

Abbreviation: IQR, interquartile range.

Table 5 Cutoffs and reliable change estimates in BC-PSI total score

Reliable Worsening Broadly Normal Change Reliable Improvement

Very Uncommon Uncommon Uncommon Very Uncommon

<5% <10% Worse No Change Better <10% <5%

Δ Total score ≥6 ≥4 1-3 0 1-4 ≥5 ≥8
Community controls, n (%), n=67 2 (3.0) 6 (9.0) 24 (35.8) 13 (19.4) 18 (26.9) 6 (9.0) 3 (4.5)

Trauma controls, n (%), n=71 9 (12.7) 11 (15.5) 19 (26.8) 16 (22.5) 20 (28.2) 5 (7.0) 2 (2.8)

MTBI group, n (%), n=302 46 (15.2) 67 (22.2) 51 (16.9) 64 (21.2) 57 (18.9) 63 (20.9) 36 (11.9)

NOTE. If an individual in the community control group’s change score is the same or greater than the ones presented in the table, the change is greater

than the change experienced by 5% or 10% of the sample. Because many individuals have the same change score, the actual percentage of the sample

having a score as extreme as the cutoffs presented is always smaller than the intended percentage. For example, the cutoff for very uncommon worsen-

ing in total symptoms is ≥6. A worsening of 6 or greater is experienced by 3% of the community controls (and not 5, which was intended). However,

replacing 6 with the next less extreme change score (ie, 5) would mean that more than 5% experienced this change. Patients with mild traumatic brain

injury and trauma controls were classified as having a very uncommon or uncommon improvement or worsening, or broadly normal change, based on

cutoffs derived from change scores in the community control group (top row).

Table 6 Injury-related and personal preinjury factors associated with stability and change in msPPCS status from 3 to 12 months in patients

with MTBI

Variables n Stable msPPCS (++) n Stable No msPPCS (−) n msPPCS Worseners (�+) n msPPCS Improvers (+�) P Post hoc Adj.

Age, M, MD, IQR 35 31.7/23.8/20.2-48.7 212 31.7/25.9/21.1-41.6 27 31.6/23.8/20.6-46.7 28 34.7/33.8/21.8-46.6 .603

Sex female, n (%) 35 20 (57.1) 212 53 (25.0) 27 14 (51.9) 28 12 (42.9) <.001* PPCS−<PPCS++ and PPCS�+

CT findings 35 212 27 28 <.001*
Findings, yes, n (%) 3 (8.6) 6 (2.8) 1 (3.7) 7 (25.0) PPCS−<PPCS+�
No findings, yes, n (%) 28 (80.0) 154 (72.6) 20 (74.1) 19 (67.9)

Not performed, yes, n (%) 4 (11.4) 52 (24.5) 6 (22.2) 2 (7.1)

PTA long, 1-24 h, n (%) 35 16 (45.7) 212 53 (25.0) 27 5 (18.5) 28 10 (35.7) .038

Fractures, (any), yes, n (%) 35 7 (20.0) 212 32 (15.1) 27 3 (11.1) 28 6 (21.4) .649

Education years, M, MD (IQR) 35 12.7/12.0/11.0-13.0 210 14.0/13.0/12.0-16.0 27 13.2/12.0/12.0-15.0 28 14.3/13.0/12.0-16.8 .009

School marks, M, MD (IQR) 32 4.1/4.5/3.5-4.5 205 4.5/4.5/3.5-5.5 27 4.2/4.5/3.5-4.5 27 4.4/4.5/3.5-5.5 .083

Reading difficulties, yes, n (%) 35 7 (20.0) 210 16 (7.6) 27 6 (22.2) 28 2 (7.1) .022

Reduced work, yes, n (%) 35 15 (42.9) 211 11 (5.2) 27 2 (7.4) 28 6 (21.4) <.001* PPCS−<PPCS++ and PPCS+�
PPCS�+<PPCS++

Previous MTBI, yes, n (%) 35 13 (37.1) 211 38 (18.0) 27 10 (37.0) 28 4 (14.3) .010

Pain, yes, n (%) 35 17 (48.6) 211 24 (11.4) 27 8 (29.6) 28 10 (35.7) <.001* PPCS−<PPCS++ and PPCS+�
Headache, yes, n (%) 24 13 (54.2) 175 45 (25.7) 21 8 (38.1) 23 10 (43.5) .015

Psychiatric history, yes, n (%) 35 13 (37.1) 211 24 (11.4) 27 8 (29.6) 28 9 (32.1) <.001* PPCS− < PPCS++ & PPCS+-

Substance use, yes, n (%) 34 2 (5.9) 209 16 (7.7) 27 1 (3.7) 28 2 (7.1) .885

Poor sleep quality (ISI), M, MD (IQR) 35 0.8/0.7/0.0-1.3 210 0.3/0.0/0.0-0.3 27 0.4/0.0/0.0-0.7 27 0.6/0.3/0.0-0.7 <.001* PPCS−<PPCS++ and PPCS+�
ADHD symptoms (ASRS), M, MD (IQR) 24 26.6/26.0/22.0-33.0 168 21.3/21.5/17.0-26.0 21 25.1/25.0/16.5-29.0 22 23.4/22.5/18.0-28.3 .032

Alcohol use (AUDIT), M, MD (IQR) 24 7.3/6.5/3.0-11.0 175 7.3/7.0/4.0-10.0 21 7.8/6.0/3.0-13.0 23 6.0/5.0/3.0-9.0 .580

Personality (BFI), M, MD (IQR)

Extroversion 24 4.3/4.4/3.7-5.0 175 4.7/4.8/4.1-5.5 20 4.7/4.9/3.8-5.4 23 4.5/4.6/3.8-5.3 .188

Agreeableness 24 5.2/5.3/4.7-5.9 175 5.4/5.4/4.9-5.9 20 5.2/5.1/4.6-5.9 23 5.4/5.4/4.9-6.0 .513

Conscientiousness 24 4.8/4.8/3.9-5.4 175 5.1/5.1/4.4-5.8 20 4.8/4.8/4.0-5.5 23 5.0/5.3/4.4-5.7 .194

Neuroticism 24 3.9/3.9/2.9-5.2 175 3.0/2.9/2.1-3.6 20 3.6/3.4/3.0-4.1 23 3.2/3.3/2.8-3.8 <.001* PPCS−<PPCS�+ and PPCS++

Openness 24 4.4/4.3/3.7-5.3 175 4.7/4.6/4.1-5.4 20 4.5/4.4/3.9-4.9 23 5.1/5.2/4.6-5.5 .029 —
Pessimism (LOT-R) M, MD (IQR) 24 1.9/1.8/1.5-2.5 174 1.1/1.0/0.7-1.5 20 1.5/1.6 /1.0-2.0 23 1.0/1.0/0.7-1.4 <.001* PPCS++>PPCS+� and PPCS−
Threatening life events (LTE-Q) M, MD (IQR) 24 2.8/2.5/1.0-4.0 174 1.3/1.0/0.0-2.0 19 1.6/1.0/1.0-2.0 23 1.0/1.0/0.0-1.0 .004

Resilience (RSA) M, MD (IQR) 24 4.8/5.1/3.7-5.5 173 5.6/5.6/5.1-6.0 20 5.2/5.3/4.6-5.8 23 5.4/5.4/5.2-6.0 .002* PPCS−>PPCS++

Bold values equal P<.05.
Abbreviations: ASRS, Adult ADHD (Attention Deficit-Hyperactivity Disorder) Self-Report Scale; AUDIT, Alcohol Use Disorders Identification Test; BFI, Big Five Inventory; IQR, interquartile range; ISI,

Insomnia Severity Index; LOT-R, Life Orientation Test-Revised; LTE-Q, List of Threatening Events Questionnaire; M, mean; MD, Median; PPCS+, meets the criteria for msPPCS. PPCS�, does not meet the cri-

teria for msPPCS; RSA, Resilience Scale for Adults.

* Statistically significant after Bonferroni correction for multiple comparisons (critical P-value=.002).

Bold values equal p <.05.
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Fig 2 Personal factors significantly associated with reporting

msPPCS throughout the first year after injury (stable msPPCS; ie,

msPPCS at both 3 and 12 months postinjury). All variables differed sig-

nificantly between those who had stable msPPCS (n=35) compared

with those who had stable no msPPCS (n=212).
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group and in 7% of the TCs, whereas 22.2% of the MTBI group

and 15.5% of the TCs had an uncommon worsening.
Factors associated with msPPCS

Nine factors (1 injury-related and 8 personal preinjury factors) dif-

fered significantly between the msPPCS groups after Bonferroni

correction (table 6 and figure 2). The stable msPPCS group and

the stable no msPPCS group had the highest and the lowest num-

bers, respectively, in the following categories: women (57% vs

25%), reduced work/studies (ie, working or studying less than

80%, 43% vs 5%), preinjury pain (49% vs 11%), and a psychiatric

history (37% vs 11%). The worst preinjury sleep quality, most

neuroticism, and lowest resilience were reported in the stable

msPPCS group, whereas the opposite was the case for the stable

no msPPCS group. Pessimism was highest in the stable msPPCS

group and lowest among msPPCS improvers. Intracranial lesions

on CT were most common among msPPCS improvers (25%) and

least common in the stable no msPPCS group (2.8%).
Discussion

This population-based study followed a large representative sam-

ple of mainly nonhospitalized patients with MTBI23 from the time

of injury and compared them to TCs and CCs over the first year

after injury. Unlike most studies, we complemented the group-

level analyses by examining individual trajectories of PPCS

reporting from 3 to 12 months postinjury. There are 4 main find-

ings. First, the prevalence of self-reported PPCS was higher in

patients with MTBI compared with the TCs and CCs, measured

by both msPPCS and the BC-PSI total score, at both 3 and 12

months. This finding is in line with several other studies reporting

higher PPCS in patients with MTBI compared with both

TCs4,8,10,43 and healthy controls.5,6,43 It is well-known that post-

concussion-like symptoms are common in the general population

and in TCs.2,12,13 That said, given that the MTBI group had greater

symptom reporting than the control groups at both assessments,
www.archives-pmr.org
this suggests that MTBI, in and of itself, might be associated with

persistent symptom reporting at both 3 and 12 months after MTBI.

Second, the group-level prevalence of msPPCS was nearly identi-

cal in the MTBI group at 3 and 12 months (21%). Third, despite

the similar prevalence, individual trajectories revealed consider-

able change regarding which individuals met the criteria at each

time point, where both worsening and improvement was common.

Finally, 8 personal preinjury factors were associated with high

PPCS reporting throughout the first year (table 6, figure 2), and 1

injury-related factor, intracranial lesions on CT, was related to

symptom reporting at 3 months but not at 12 months (table 6).

The analyses of change in msPPCS uncovered distinct individ-

ual trajectories that might be obscured by a seemingly stable

group-level prevalence of msPPCS from 3 to 12 months. The prev-

alence of msPPCS was similar at 3 and 12 months, which is in line

with findings from some other studies reporting the prevalence of

PCS in cohorts assessed at 2 or several time points postinjury.7-10

The stable group-level prevalence of msPPCS from 3 months

onward (21%) might leave the impression that the chances of a

recovery after 3 months are small. However, almost half of the

patients with msPPCS at 3 months improved by 12 months (44%).

In contrast, only a small proportion of patients who did not have

msPPCS at 3 months developed it by 12 months (11%). Nonethe-

less, this minority comprised 40% of the msPPCS group at 12

months (figure 1), demonstrating that some patients are at risk of

delayed clinical worsening, a course that potentially could be

modified through early identification and intervention.

Analyzing the BC-PSI total scores as a continuous variable

also revealed substantial individual-level change from 3 to 12

months after injury (table 5). The patients with MTBI had a less

stable BC-PSI total score than the control groups, where both

symptom worsening (22.2%) and improvement (20.9%) were

common from 3 to 12 months. This finding highlights that symp-

tom reporting tends to fluctuate, a common observation in clinical

practice and also reported in a recent study on military personnel9

and in children.44 To our knowledge, data on typical change on

the BC-PSI in healthy controls have not been published. In this

article, we provide information to future researchers and clinicians

for how to interpret reliable change on the BC-PSI (table 5).

In patients with MTBI, the stable msPPCS and stable no

msPPCS groups differed on a variety of personal factors. Eight

personal preinjury factors were associated with high PPCS report-

ing throughout the first year after injury: being a woman, having

reduced employment/studies, pain, poor sleep, low resilience,

high neuroticism and pessimism, and a psychiatric history (stable

msPPCS, figure 2), whereas 1 injury-related factor, intracranial

lesions on CT, was related to symptom reporting at 3 months but

not at 12 months (msPPCS improvers, table 6). It is well-estab-

lished that personal preinjury factors, such as poor health, female

sex, reduced employment, and poor sleep quality,16,18,19,45 are

associated with PPCS, and our findings are in line with this. Less

is known about the role of injury-related and personal factors on

improvement and worsening of PPCS the first year after injury.

Sex is a variable of particular interest in contemporary literature,

and we found that female sex was a risk factor for maintained

PPCS. Sex and gender are known to modify health and disease

because of distinct genetic, anatomic, behavioral, and physiologi-

cal traits and characteristics.46 Interestingly, and perhaps relevant

for headache observed after MTBI, is that signaling mechanisms

underlying pain hypersensitivity (eg, glial cell activation) are sex-

ually dimorphic.47,48 Further adding to the complexity, not only

gender but also perceptions of gender inequality are associated

http://www.archives-pmr.org
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with psychological distress.49 Future studies should further target

how sex and gender influence outcome after MTBI.

Interestingly, we found that intracranial lesions were most

common in msPPCS improvers. Thus, their symptoms at 3 months

might have been influenced by a more severe initial injury, and

their improvement could partly reflect ongoing neurobiological

recovery. Our results indicate that intracranial lesions may predict

early, more time-limited msPPCS, whereas individuals with stable

msPPCS have personal factors putting them at risk for developing

and, moreover, maintaining the condition. The msPPCS improvers

were also the least pessimistic of the groups, which could suggest

that PPCS patients’ thoughts and attitudes toward their injury may

affect their symptom reporting and thus their outcome. A review

of psychological factors and PPCS found that cognitive biases

may contribute to the development of PPCS and that cognitive

behavioral therapy might lead to a swifter recovery.50 A recent

systematic review found cognitive behavioral therapy promising

in some aspects,51 although others highlight the methodological

limitations in the literature,52 revealing a need for more high-qual-

ity studies. The findings in the current and other studies, that

patients with PPCS more often have a psychiatric history15,19 and

are less resilient19,53 than the general population, along with the

fact that experiencing a MTBI may contribute to developing

depression and anxiety,50 add to the picture of PPCS as a complex

condition with both neurobiological, social, and psychological

aspects.
Study limitations

This study has several limitations. First, information about the per-

sonal preinjury factors was collected retrospectively. However, the

information was collected shortly after the injury and the partici-

pants were specifically asked to base their responses on their situa-

tion before the injury, hence increasing the likelihood that it was

not biased by the outcome of this particular injury. Second, it is

inherently challenging to examine change when a cutoff is used

(eg, msPPCS). It is difficult to know whether most change margin-

ally exceeds the cutoff or whether there is larger and more mean-

ingful change. To account for the limitations associated with

cutoffs, we added analyses of change in BC-PSI total scores. Fur-

ther, the median change in BC-PSI total score in msPPCS

improvers and msPPCS worseners from 3 to 12 months was con-

siderable, indicating that most change was not just across the cut-

off (table 4). Third, even though the present study had a large

sample size, some subgroups were inevitably small; for example,

the number of patients with intracranial lesions among the

msPPCS improvers was 7, which reduces confidence in our find-

ing relating to intracranial lesions and outcome. Finally, some

patients could be seeking litigation, known to affect PCS

reporting.54,55 In Norway, however, the government provides free

health care, as well as sickness and disability benefits. A possible

additional litigation process is relevant for the minority who have

been injured in motor vehicle collisions or have sustained work-

related injury, but the medico-legal evaluation, in these contexts,

is performed at least 2 years after the injury. Therefore, we consid-

ered it unnecessary to control for litigation in this study.
Conclusions

The present study revealed that apparent group-level stability in

persistent postconcussion symptom reporting, from 3 to 12 months
after injury, masks significant intraindividual change. Further-

more, we observed a possible pattern in need of more research;

having a more severe injury, characterized by a visible lesion on

acute head CT, was associated with improvement from 3 to 12

months, suggesting ongoing neurobiological recovery. In addition,

several personal preinjury factors were associated with maintain-

ing high PPCS reporting throughout the first year after injury:

being a woman, working/studying less than full time, having a

psychiatric history, and having worse self-reported health, charac-

terized by bodily pain and poorer sleep quality. In addition, per-

sonality factors, such as lower resilience, greater neuroticism, and

greater pessimism, were associated with persistent symptom

reporting. However, considering that the prevalence of PPCS was

much higher in the MTBI group compared with the control

groups, it does not seem to be the personal factors alone that con-

tribute to PPCS. Indeed, these factors likely interact in a dynamic

way with biological, psychological, and psychosocial factors that

are more proximally related to the injury and to other biopsycho-

social factors that evolve during the subacute, persistent, and

chronic phases of recovery, all through mechanisms that are not

well understood. The complexity of PPCS, for many people,

necessitates a holistic assessment approach, followed by multidis-

ciplinary care. The results of this study support the importance of

using effective psychosocial and psychological interventions over

the course of the first year after MTBI to facilitate recovery and to

improve patients’ quality of life.
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