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Symptom Frequency and Persistence
in the First Year after Traumatic Brain Injury:
A TRACK-TBI Study

Joan Machamer,”* Nancy Temkin,? Sureyya Dikmen,? Lindsay D. Nelson, Jason Barber, Phillip Hwang,
Kim Boase, Murray B. Stein? Xiaoying Sun,” Joseph Giacino? Michael A. McCrea,” Sabrina R. Taylor,*'" Sonia Jain,
Geoff Manley'®'"; and the TRACK-TBI Investigators™”

[=]

Abstract

Symptom endorsement after traumatic brain injury (TBI) is common acutely post-injury and is associated
with other adverse outcomes. Prevalence of persistent symptoms has been debated, especially in mild
TBI (mTBI). A cohort of participants =17 years with TBI (n=2039), 257 orthopedic trauma controls (OTCs),
and 300 friend controls (FCs) were enrolled in the TRACK-TBI study and evaluated at 2 weeks and 3, 6,
and 12 months post-injury using the Rivermead Post-Concussion Symptoms Questionnaire (RPQ). TBI par-
ticipants had significantly higher symptom burden than OTCs or FCs at all times, with average scores more
than double. TBI cases showed significant decreases in RPQ score between each evaluation (p<0.001),
decreasing ~ 1.7 points per month between 2 weeks and 3 months and 0.2 points per month after that.
More than 50% of the TBI sample, including >50% of each of the mild and moderate/severe TBI subsamples,
continued to endorse three or more symptoms as worse than pre-injury through 12 months post-injury.
A majority of TBI participants who endorsed a symptom at 3 months or later did so at the next evaluation
as well. Contrary to reviews that report symptom resolution by 3 months post-injury among those with
mTBI, this study of participants treated at level 1 trauma centers and having a computed tomography
ordered found that persistent symptoms are common to at least a year after TBI. Additionally, although
symptom endorsement was not specific to TBI given that they were also reported by OTC and FC partici-
pants, TBI participants endorsed over twice the symptom burden compared with the other groups.
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SYMPTOM FREQUENCY AND PERSISTENCE

Introduction

The consequences of traumatic brain injury (TBI)
are broad, often including objective signs of neurologi-
cal dysfunction (such as hemiparesis, impaired cogni-
tive functioning), functional status difficulties, decreased
quality of life, and self-reported post-traumatic symp-
toms. Research on symptom endorsement post-TBI has
been extensive, especially after mild TBI (mTBI), but
controversies persist about the prevalence and specificity

of reported symptoms.1 Few dispute that symptoms are
common through 1 month after mTBI and may be of
much longer duration in those with moderate or severe
injuries (msTBI).>™>

More controversial is whether and at what prevalence
symptoms continue to be reported in those with mTBI
at =3 months post-injury. The results of the World
Health Organization task force on mTBI concluded that
most studies report recovery from symptoms by 3-12
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Participant flow. No RPQ—cog.impaired =RPQ was not done because the participant was
administered an abbreviated battery because of cognitive impairment. FC, friend control group; OTC,
orthopedic trauma control group; RPQ, Rivermead Post-Concussion Symptoms Questionnaire; TBI, traumatic
brain injury group.
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Table 1. Demographics and Injury Characteristics by Group®

TBI oTC FC
n 2039 257 300
Age, years, mean (SD) 40.20 (17) 40.07 (15) 37.59 (15)
17-39 (%) 1124 (55) 141 (55) 188 (63)
40-64 698 (34) 98 (38) 89 (30)
65+ 217 (11) 18 (7) 23 (7)
Male (%) 1389 (68) 169 (66) 191 (64)
Education
Did not graduate HS 237 (12) 23 (9) 19 (6)
HS/GED 531 (27) 53 (21) 59 (20)
Some college 643 (32) 91 (36) 115 (39)
Four-year college degree 580 (29) 88 (34) 105 (35)
Race
White (%) 1573 (78) 196 (78) 227 (76)
Black 335 (16) 43 (17) 45 (15)
Other 121 (6) 14 (5) 26 (9)
TBI severity
GCS 3-8 (%) 194 (10)
GCS 9-12 79 (4)
GCS 13-15, CT positive 601 (30)
GCS 13-15, CT negative 1080 (55)
Other system injury severity
AIS subneck >3 (%) 371 (18) 56 (22)

“Based on cases in each group who answered at least one symptom in at
least one time period.

SD, standard deviation; TBI, traumatic brain injury group; OTC, ortho-
pedic trauma control group; FC, friend control group; HS, high school,
GED, General Educational Development; GCS, Glasgow Coma Scale;
CT, computed tomography; AIS, Abbreviated Injury Scale.

months post—injury,6 further supported by a systematic
review.’ However, included studies had small sample
sizes with high loss-to-follow-up rates potentially biasing

results,* ! and time gaps between evaluations may have
prevented careful examination of patterns of endorse-
ment over time. Recent large-scale studies found linger-
ing mTBI symptoms in around half of cases at 1 year
post-mTBI.lz’13

Study of individual symptoms has largely been restric-
ted to tabular report of percent endorsement over time.>'>'4
Some studies have suggested that symptoms of physical
functioning, such as headaches and fatigue, are predom-
inant within 3 months of mTBI'>'® whereas cognitive
symptoms predominate later.'®'” Most of these studies do
not allow assessment of persistence of symptoms within a
person, and the few existing analyses report inconsistent
findings.' 8-21

Symptoms experienced by those who sustain a TBI are
not specific to TBI,'?*** but occur at significantly higher
rates compared with non-brain-trauma control or commu-
nity control groups early and late after injury.>'”*** For
example, 53% of participants with TBI reported three or
more symptoms versus 24% of trauma controls at 1 year
post-injury, and the most common symptoms reported by
both groups included fatigue, irritability, and headache.”

This analysis examined the prevalence and persistence
of symptom endorsement over the first year after TBI
in comparison to two control groups, orthopedic trauma
controls (OTCs) and healthy friend/family controls (FCs).
We hypothesized that symptoms would be reported by
over half of TBI participants throughout the year after
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FIG. 2. Number of symptoms endorsed at any severity by group and time. FC, friend control group; OTC,
orthopedic trauma control group; TBI, traumatic brain injury group. Color image is available online.

6 Months 12 Months

TBI oTC FC TBI oTC FC
n=1626 n=199 n=279 n=1514 n=188 n=256
mE9to 10 W1lto12 W13to14 B15to16




SYMPTOM FREQUENCY AND PERSISTENCE

361

injury, symptom burden would be higher among those
with TBI than among OTCs and FCs, symptom endor-
sement would decrease most in the first 3 months,
and cognitive symptoms would be the most prevalent at
1 year.

Methods

Participants

The Transforming Research and Clinical Knowledge
in TBI (TRACK-TBI) prospective cohort study enrolled
2697 participants with TBI at 18 U.S. level 1 trauma
centers between February 26, 2014 and July 3, 2018.
Participants were evaluated at 2 weeks and 3, 6, and
12 months post-injury. All TBI participants sustained a
TBI <24 h before enrollment and received an acute head
computed tomography (CT) for clinical care. TRACK-
TBI also enrolled 299 OTCs who sustained an orthopedic
injury with Abbreviated Injury Scale (AIS) <4 and no
alteration of consciousness or post-traumatic amnesia
from the same sites between January 26, 2016 and July
27, 2018; 300 FCs, friends or family members of TBI
participants with no traumatic injury within the year pre-
ceding enrollment, were enrolled from May 26, 2017 to
September 25, 2019. The current analysis included par-
ticipants =17 years of age who completed the symptom
measure at least one time. Participants too impaired to
complete the full TRACK-TBI outcome battery had an
abbreviated assessment that did not assess symptoms.
For more detailed information about inclusion and exclu-
sion criteria, see McCrea and colleagues.”® The institu-
tional review boards of each participating site approved
this study.

Primary outcome measure

The Rivermead Post-Concussion Symptoms Question-
naire (RPQ)* consists of 16 symptoms that participants
rate to indicate severity of the symptom experienced
in the past 7 days compared to before the injury. The
instructions for the FCs were modified by removing any
reference to TBI or accident, and they were asked to com-
pare their symptoms in the past 7 days to what they had
experienced during the equivalent time before the assess-
ment, for example relating back 3 months before the
3-month assessment. The RPQ was administered at each
assessment time point. Symptoms were rated as not expe-
rienced at all (0), no more of a problem compared to
before the injury (1), a mild problem (2), a moderate
problem (3), or a severe problem (4). A symptom was
considered endorsed if the participant rated it from 2 to
4, (i.e., either new or more of a problem than pre-injury).
RPQ scores range from 0 to 64. To calculate the total
symptom score, items rated 1 were recoded to O before
summing across all symptoms.

Statistical analysis

RPQ total score and number of symptoms endorsed at
each time point, endorsement of each symptom, and per-
sistence of each symptom over adjacent assessments are
presented descriptively. Percent persistence was defined
as the number of participants endorsing a symptom at
both times divided by the number who endorsed it at
the earlier assessment. We used linear mixed models, in-
cluding group or TBI subgroup, time (categorical), and
their interaction, to formally evaluate the pattern of re-
covery and its consistency across groups or TBI sub-
groups. We defined mTBI as Glasgow Coma Scale
(GCS)™ 13-15 and msTBI as GCS 3-12. If interactions
were non-significant, we ran the mixed model with only
main effects. To examine whether results were unduly
influenced by the skew of the RPQ scores, we performed
sensitivity analyses on ranks of the score within the entire
sample combined over group and time. Threshold for
significance, adjusted for multiple comparisons using a
false discovery rate for each linear model and rank-

based model separately,

31

was p<0.05. Analyses were

Table 2. RPQ Total Score and Number of Symptoms
Endorsed by Time and Group

TBI oTC FC
2 weeks
n 1746 238 298
Total score
Mean (SD) 18.42 (14.76) 7.74 (8.47) 3.84 (7.53)
Median (IQR) 16 (6, 28) 6(2,11) 0 (0, 4)
No. endorsed
Mean (SD) 6.86 (4.7) 3.12 (2.96) 1.58 (2.89)
Median (IQR) 73, 11) 2.5(1,5) 0 (0, 2)
3 months
n 1718 219 275
Total score
Mean (SD) 14.15 (14.53) 5.72 (8.17) 3.27 (6.45)
Median (IQR) 9 (2,24) 2 (0, 8) 0 (0, 4)
No. endorsed
Mean (SD) 5.29 (4.86) 2.28 (2.96) 1.35 (2.46)
Median (IQR) 4(1,9) 1 (0, 3) 0 (0, 2)
6 months
N 1626 199 279
Total score
Mean (SD) 13.04 (14.39) 5.37 (8.83) 4.72 (8.44)
Median (IQR) 8 (0, 21) 2 (0, 7) 0 (0, 5)
No. endorsed
Mean (SD) 4.93 (4.82) 2.19 (3.25) 1.99 (3.33)
Median (IQR) 4(0,9) 10, 3) 0 (0, 2)
12 months
n 1514 188 256
Total score
Mean (SD) 12.48 (14.06) 5.59 (9.89) 4.98 (8.22)
Median (IQR) 8 (0, 20) 0 (0, 6) 2 (0, 6)
No. endorsed
Mean (SD) 4.7 (4.7) 2.19 (3.52) 2.05 (3.13)
Median (IQR) 3 (0, 8) 0 (0, 3) 1 (0, 3)

RPQ, Rivermead Post-Concussion Symptoms Questionnaire; TBI, trau-
matic brain injury group; OTC, orthopedic trauma control group; FC, friend

control group.
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performed using IBM SPSS Statistics (version 19; IBM
Corp., Armonk, NY) and SAS software (version 9.4;
SAS Institute Inc., Cary, NC).

Results

The number of participants with a completed RPQ at each
time point is shown in Figure 1. Demographic and injury
characteristics of the groups are provided in Table 1.

Symptom prevalence by group
Stacked bars show the percentage of cases in each group
with 0-16 symptoms endorsed at any severity level at
each time (Fig. 2). The pattern of symptom endorse-
ment was similar when symptoms were restricted to
those causing moderate or severe or only severe prob-
lems (Supplementary Fig. S1A,B) TBI participants repor-
ted significantly higher symptom burden at each time
(2 weeks and 3, 6, and 12 months; means, 18.42, 14.15,
13.04, and 12.48) than OTCs (7.74, 5.72, 5.37, and
5.59) or FCs (3.84, 3.27, 4.72, and 4.98; Tables 2 and 3
and Supplementary Table S1) OTCs endorsed signifi-
cantly higher burden than FCs at 2 weeks (7.74 vs. 3.84).
TBI cases showed significant decreases in RPQ total
score between each pair of assessment times. RPQ

Table 3. Comparison of RPQ Scores by Group and Time

score in the TBI group decreased by an estimated 1.7
points per month between 2 weeks and 3 months and
0.2 points per month between 3 and 12 months. OTCs
also had significantly lower RPQ scores at 3 months
than at 2 weeks (estimated 0.8 points per month de-
crease), but changes after 3 months were non-significant
(Table 3). Findings were similar for the linear and ranked
analyses, except that the ranked analysis indicated that
OTCs reported a significantly higher symptom burden
than FCs at 3 months, whereas the trend was non-
significant in the linear analysis. Not all persons had
decreasing symptoms, with 12-15% of participants rep-
orting a new or more severely problematic symptom at
each time.

Symptom prevalence by traumatic brain injury
severity subgroup

Symptom endorsement was similar among the mTBI and
msTBI subgroups during the first 6 months (Tables 4
and 5; Fig. 3; Supplementary Table S2). Symptom burden
in both groups decreased significantly between 2 weeks and
3 months. The burden continued to decrease significantly in
the mTBI subgroup, but more slowly over time. With the
smaller sample size, the pattern at later times in the

Modeled estimates

Linear Ranked

Comparison Raw mean diff. B 95% CI p Pmc p Pmc

TBI vs. OTC at 2wk 10.68 10.75 (8.98, 12.51) <0.001 <0.001 <0.001 <0.001
TBI vs. OTC at 3mo 8.43 8.54 (6.74, 10.34) <0.001 <0.001 <0.001 <0.001
TBI vs. OTC at 6mo 7.67 7.93 (6.09, 9.78) <0.001 <0.001 <0.001 <0.001
TBI vs. OTC at 1yr 6.89 6.59 4.72, 8.45) <0.001 <0.001 <0.001 <0.001
TBI vs. FC at 2wk 14.58 14.95 (13.33, 16.58) <0.001 <0.001 <0.001 <0.001
TBI vs. FC at 3mo 10.88 10.76 (9.11, 12.41) <0.001 <0.001 <0.001 <0.001
TBI vs. FC at 6mo 8.32 8.29 (6.64, 9.95) <0.001 <0.001 <0.001 <0.001
TBI vs. FC at 1yr 7.50 7.48 (5.80, 9.16) <0.001 <0.001 <0.001 <0.001
OTC vs. FC at 2wk 3.90 421 (1.96, 6.45) <0.001 <0.001 <0.001 <0.001
OTC vs. FC at 3mo 2.45 2.23 (—0.07, 4.52) 0.057 0.081 0.003 0.004
OTC vs. FC at 6mo 0.65 0.36 (—1.96, 2.68) 0.761 0.804 0.609 0.652
OTC vs. FC at 1yr 0.61 0.89 (—1.46, 3.25) 0.457 0.549 0.747 0.772
3mo vs. 2wk for TBI -4.28 -4.59 (—5.10, —4.08) <0.001 <0.001 <0.001 <0.001
6mo vs. 2wk for TBI -5.38 -5.71 (—6.23, —5.19) <0.001 <0.001 <0.001 <0.001
lyr vs. 2wk for TBI -5.94 -6.35 (—6.89, —5.82) <0.001 <0.001 <0.001 <0.001
6mo vs. 3mo for TBI -1.10 -1.12 (—1.64, —0.60) <0.001 <0.001 <0.001 <0.001
lyr vs. 3mo for TBI -1.66 -1.76 (—2.29, —1.23) <0.001 <0.001 <0.001 <0.001
lyr vs. 6mo for TBI -0.56 -0.64 (—1.18, —0.11) 0.018 0.030 0.023 0.031
3mo vs. 2wk for OTC -2.02 -2.38 (=3.79, —0.98) 0.001 0.002 <0.001 <0.001
6mo vs. 2wk for OTC -2.37 -2.90 (—4.34, —1.45) <0.001 <0.001 <0.001 <0.001
lyr vs. 2wk for OTC -2.15 -2.19 (—3.67, —0.72) 0.004 0.006 <0.001 <0.001
6mo vs. 3mo for OTC -0.35 -0.51 (—1.98, 0.95) 0.491 0.566 0.139 0.174
Lyr vs. 3mo for OTC -0.13 0.19 (—1.30, 1.68) 0.804 0.804 0.233 0.279
lyr vs. 6mo for OTC 0.22 0.70 (—0.81, 2.22) 0.362 0.452 0.800 0.800
3mo vs. 2wk for FC -0.57 -0.40 (—1.63, 0.83) 0.524 0.582 0.548 0.609
6mo vs. 2wk for FC 0.88 0.95 (—0.27, 2.18) 0.128 0.166 0.034 0.045
lyr vs. 2wk for FC 1.13 1.12 (—0.14, 2.38) 0.081 0.110 0.007 0.011
6mo vs. 3mo for FC 1.45 1.35 (0.10, 2.61) 0.035 0.053 0.008 0.011
lyr vs. 3mo for FC 1.71 1.52 (0.23, 2.81) 0.021 0.033 0.001 0.002
lyr vs. 6mo for FC 0.26 0.17 (—1.11, 1.45) 0.794 0.804 0.535 0.609

puc=p value adjusted for multiple comparisons (m=30) using a false discovery rate.

RPQ, Rivermead Post-Concussion Symptoms Questionnaire; CI, confidence interval; TBI, traumatic brain injury group; OTC, orthopedic trauma con-
trol group; FC, friend control group.
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Table 4. RPQ Total Score and Number of Symptoms
Endorsed by Time and TBI Severity Subgroup

Mild TBI Moderate/severe TBI
2 weeks
n 1593 128
Total score
Mean (SD) 18.4 (14.9) 18.4 (13.0)
Median (IQR) 15 (6, 28) 16 (7, 28)
No. endorsed
Mean (SD) 6.8 (4.8) 7.0 (4.3)
Median (IQR) 63,11 7 (3, 10)
3 months
n 1480 208
Total score
Mean (SD) 14.2 (14.8) 13.6 (12.8)
Median (IQR) 9 (2, 24) 11 (2, 22.75)
No. endorsed
Mean (SD) 5.3 (4.9) 5.2 (4.5)
Median (IQR) 4(1,9) 5(1,9)
6 months
n 1397 203
Total score
Mean (SD) 12.9 (14.6) 13.0 (12.7)
Median (IQR) 8 (0, 20.50) 9 (3,21
No. endorsed
Mean (SD) 4.9 (4.9) 4.9 (4.4)
Median (IQR) 3 (0, 8) 4(1,9)
12 months
n 1292 196
Total score
Mean (SD) 12.2 (14.2) 14.4 (12.9)
Median (IQR) 6 (0, 20) 11 (3.25, 22)
No. endorsed
Mean (SD) 4.6 (4.8) 5.5 4.3)
Median (IQR) 3 (0, 8) 5(1.25,9)

RPQ, Rivermead Post-Concussion Symptoms Questionnaire; TBI, trau-
matic brain injury; SD, standard deviation; IQR, interquartile range.

msTBI group is less clear. By 12 month, the msTBI sub-
group was reporting a score ~2 points higher than the
mTBI group, which is non-significant by the linear analy-
sis, but significant by the ranked sensitivity analysis.

Individual symptom prevalence

For each symptom and time, endorsement rate was high-
est for those with TBI (Fig. 4). Generally, for the TBI and
OTC groups, symptoms showed the highest endorsement
at 2 weeks with a substantial decrease by 3 months and
less recovery from 3 to 12 months post-injury. Endorse-
ment of cognitive symptoms by group showed little
change over time, and each cognitive symptom was
endorsed by at least 35% of those with TBI and <20%
of those in the OTC and FC groups at each time.

Symptom persistence

The majority of symptoms endorsed by TBI participants at
any given time were also endorsed at the next visit (50—
66% of symptoms endorsed at 2 weeks endorsed at 3
months; 60-79% of symptoms endorsed at 3 and 6 months
endorsed at 6 and 12 months, respectively). Memory prob-
lems and taking longer to think had the highest persistence
across each interval, with >60% persistence from 2 weeks
to 3 months and >70% for the later intervals (Table 6).
Poor concentration, fatigue, headache, sleep disturbance,
and irritability were endorsed frequently (35-51% at 3 or
6 months), with around two thirds of TBI participants en-
dorsing the symptoms at 3 or 6 months reporting it again at
the next assessment (66—71%). Vision problems and nau-
sea were least commonly reported and the least persistent
of symptoms. The pattern of problems with high persis-
tence was similar in the TBI severity subgroups (Supple-
mentary Table S3).

Discussion
Consistent with our hypothesis, prevalence of symp-
toms is high over the first year after injury in those

Table 5. Comparison of RPQ Scores by TBI Severity Subgroup and Time

Modeled estimates

Linear Ranked

Comparison Raw mean diff. B 95% ClI p Pmc p Pmc

mTBI vs. msTBI at 2wk 0.03 -1.35 (—3.55, 0.86) 0.232 0.286 0.022 0.032
mTBI vs. msTBI at 3mo 0.59 0.08 (—1.89, 2.05) 0.935 0.976 0.431 0.493
mTBI vs. msTBI at 6mo -0.07 0.32 (—1.66, 2.31) 0.750 0.857 0.519 0.553
mTBI vs. msTBI at lyr -2.20 -1.89 (—3.89,0.11) 0.065 0.103 0.004 0.006
3mo vs. 2wk for mTBI —4.24 -4.48 (—5.06, —3.91) <0.001 <0.001 <0.001 <0.001
6mo vs. 2wk for mTBI -5.48 -5.63 (—=6.21, —5.04) <0.001 <0.001 <0.001 <0.001
lyr vs. 2wk for mTBI -6.25 -6.48 (—7.08, —5.88) <0.001 <0.001 <0.001 <0.001
6mo vs. 3mo for mTBI -1.24 -1.14 (—1.74, —0.55) <0.001 <0.001 <0.001 <0.001
lyr vs. 3mo for mTBI -2.02 -2.00 (—2.60, —1.39) <0.001 <0.001 <0.001 <0.001
1yr vs. 6mo for mTBI -0.77 -0.85 (—1.47, —0.24) 0.006 0.011 0.006 0.009
3mo vs. 2wk for msTBI -4.79 -5.91 (—7.80, —4.02) <0.001 <0.001 <0.001 <0.001
6mo vs. 2wk for msTBI -5.38 -7.29 (=9.22, —5.37) <0.001 <0.001 <0.001 <0.001
lyr vs. 2wk for msTBI -4.02 -5.94 (=7.90, —3.97) <0.001 <0.001 <0.001 <0.001
6mo vs. 3mo for msTBI -0.59 -1.38 (—2.98, 0.22) 0.090 0.131 0.073 0.098
lyr vs. 3mo for msTBI 0.77 -0.03 (—1.68, 1.63) 0.976 0.976 0.972 0.972
1yr vs. 6mo for msTBI 1.36 1.36 (—0.27, 2.99) 0.103 0.137 0.085 0.104

Statistical significance by mixed-effects linear/rank regression.

Ppuc=p value adjusted for multiple comparisons (m=16) using a false discovery rate.
RPQ, Rivermead Post-Concussion Symptoms Questionnaire; TBI, traumatic brain injury; mTBI, mild TBI; msTBI, moderate or severe TBI.
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FIG. 3. Number of symptoms endorsed at any severity by traumatic brain injury (TBI) severity subgroup
and time. mTBI, mild TBI (admission Glasgow Coma Scale score 13-15); msTBI, moderate or severe TBI
(admission Glasgow Coma Scale score 3-12). Color image is available online.
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with TBI. At each time point, over two thirds of partici-
pants with TBI endorse at least one symptom as new or
worsened compared with pre-injury: 90% at 2 weeks;
78% at 3 months; 74% at 6 months; and 71% at 12 months.
Mean and median RPQ symptom scores for those with
TBI were more than double that for OTCs and FCs at
each time. Symptoms decreased steadily, on average,
among those with TBI, at ~ 1.7 RPQ points per month
in the first 3 months, but then only 0.2 points per
month for the rest of the year. OTCs also had a significant
decrease in the first 3 months of around half the decrease
noted among those with TBI, but no significant decrease
thereafter.

Symptoms were reported consistently at adjacent time
periods. That is, the majority of TBI participants who
endorsd a symptom (other than nausea and some visual
symptoms) at one time point reported it at the next assess-
ment. The period from 2 weeks to 3 months appears the
least consistent, with 27-66% of those endorsing a symp-
tom at 2 weeks endorsing it at 3 months whereas later
adjacent periods show most symptom persistence in the
60-75% range. Symptom reporting in the acute phase
post-injury may be subject to more variability because
of early resolution of some symptoms, discontinuation
of sedating medications, and/or lack of early experience
with symptom impact on daily functioning. Also, as

hypothesized, cognitive symptoms were the most persis-
tent (e.g., 71-79% at 6 and 12 months), although head-
ache, fatigue, and irritability were almost as persistent
(66-69%).

TRACK-TBI is one of the few studies that allows
comparison of symptom endorsement to OTCs and FCs
with no recent trauma. Symptoms are often criticized
as an outcome measure for TBI because they are not spe-
cific to TBL'*** Whereas our results show some symp-
tom endorsement by OTCs and FCs, our results also
show that persons with TBI report more symptoms than un-
injured persons and those with orthopedic injuries. Even at
2 weeks post-injury, those with TBI endorsed over twice
the number of symptoms as OTCs. Later, and for all time
points for FCs, both the mean number of symptoms and
mean score are ~2.5 times higher in those with TBIL
Although OTCs endorsed a substantial number of symp-
toms compared to FCs at 2 weeks, by 3—6 months after in-
jury, the overall symptom burden and rates of endorsement
of each symptom were similar for OTCs and FCs. Thea-
dom and colleagues'? found similar rates of headache en-
dorsement on the RPQ in those with TBI relative to rates
reported in a general population survey, suggesting that
headaches may not be specifically a result of TBIL.

There are, however, important differences between the
RPQ and the general symptom inventory referenced by
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Theadom and colleagues. The RPQ asks respondents to
report new symptoms or symptoms that have worsened
since the injury, whereas the general survey referenced
by Theadom and colleagues only asked about the pres-
ence of headaches. In this study, where participants
without TBI compared current headaches with those

experienced before their orthopedic injury or for FCs,
preceding an equivalent time period before the assess-
ment, we show that headaches are more than twice as
common in those with TBI. Our findings are consistent
in pattern with Skandsen and colleagues,27 who used a
different instrument and found that 21% of mTBI
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cases, 8% of trauma controls, and 1% of healthy con-
trols endorsed a high symptom burden at 3 months
after injury. Accordingly, although symptoms may
not be specific to TBI per se, their frequency and mag-
nitude clearly differentiate patients with TBI from
those with orthopedic injuries and from healthy, unin-
jured persons. However, this does not mean that symp-
toms can be used for differential diagnosis of
individual patients.

Past research indicates that symptom prevalence post-
TBI is varied and depends on multiple factors, including
patient characteristics and time from injury. Most large
studies indicate higher prevalence in the acute phase
post-injury, followed by improvement.z’lz’14 The results
of our study are in agreement with past work, with the
highest level of endorsement at 2 weeks, decreasing by
3 months, and with little additional improvement there-
after. We found that >70% of the TBI sample endorsed
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Table 6. Symptom Prevalence at Each Time and Persistence at the Next Assessment (TBI Group)

2 weeks n=1503 3 months 3 months n=1476 6 months 6 months n=1377 12 months
Endorsed n (%°) Persisted n Endorsed n (%°) Persisted n Endorsed n (%°) Persisted n
[95% CIJ %" (95% Cl) [95% CIJ %" (95% Cl) [95% CIJ %" (95% Cl)
Headaches 919 (61) 472 560 (38) 373 479 (35) 322
[59,64] 51 (48,55) [35,40] 67 (63,71) [32,37] 67 (63,71)
Dizziness 836 (56) 386 500 (34) 295 411 (30) 244
[53,58] 46 (43,50) [31,36] 59 (55,63) [27,32] 59 (54,64)
Nausea 360 (24) 97 169 (11) 89 161 (12) 60
[22,26] 27 (22,32) [10,13] 53 (45,60) [10,14] 37 (30,45)
Noise sensitivity 543 (36) 301 442 (30) 256 334 (24) 220
[34,39] 55 (51,60) [28,32] 58 (53,63) [22,27] 66 (61,71)
Sleep disturbance 818 (54) 436 586 (40) 391 523 (38) 352
[52,57] 53 (50,57) [37,42] 67 (63,71) [35,41] 67 (63,71)
Fatigue 1008 (67) 617 748 (51) 492 595 (43) 408
[65,69] 61 (58,64) [48,53] 66 (62,69) [41,46] 69 (65,72)
Irritability 598 (40) 384 559 (38) 381 488 (35) 336
[37,42] 64 (60,68) [35,40] 68 (64,72) [33,38] 69 (65,73)
Depressed 543 (36) 321 472 (32) 293 400 (29) 245
[34,39] 59 (55,63) [30,34] 62 (58,60) [27,32] 61 (56,66)
Frustrated 716 (48) 440 625 (42) 405 526 (38) 339
[45,50] 61 (58,65) [40,45] 65 (61,69) [36,41] 64 (60,69)
Poor memory 774 (51) 513 703 (48) 552 671 (49) 528
[49,54] 66 (63,70) [45,50] 79 (75,82) [46,51] 79 (75,82)
Poor concentration 730 (49) 427 581 (39) 410 546 (40) 385
[46,51] 58 (55,62) [37,42] 71 (67,74) [37,42] 71 (66,74)
Longer to think 839 (56) 529 665 (45) 501 615 (45) 450
[53,58] 63 (60,66) [42,48] 75 (72,79) [42,47] 73 [69,77]
Blurred vision 426 (28) 185 287 (19) 187 282 (20) 166
[26,31] 43 [39,48] [17,22] 65 (59,71) [18,23] 59 (53,65)
Light sensitivity 479 (32) 218 324 (22) 176 280 (20) 166
[30,34] 46 (41,50) [20,24] 54 (49,60) [18,23] 59 (53,65)
Double vision 220 (15) 66 129 (9) 55 138 (10) 63
[13,17] 30 (24,37) [7,10] 43 (34,52) [8,12] 46 (37,54)
Restlessness 614 (41) 324 468 (32) 270 362 (26) 226
[38,43] 53 (49,57) [29,34] 58 (53,62) [24,29] 62 (57,67)

The 7 in the label for the earlier time is the number of participants with TBI who did the RPQ at both times. The persisted  is the number who endorsed
that symptom both times, and the persisted percent is the percentage of those endorsing the symptom at the earlier time who also endorsed it at the later
time. For example, for 2 weeks (2w) and 3 months (3m), 919 of 1503 =61% of those with assessments at both times endorsed headache at 2w, and 472 of
those 919 endorsed headache again at 3m (472 of 919=51%).

“A symptom was considered endorsed if rated as mild (2), moderate (3), or severe (4).

A symptom was considered persisting if it was endorsed at the present assessment and the one immediately preceding the present.

TBI, traumatic brain injury; CI, confidence interval; RPQ, Rivermead Post-Concussion Symptoms Questionnaire.
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one or more symptoms at 1 year that caused new prob-
lems or worsened pre-injury ones.

Our results also support some reports that physical
symptoms (e.g., headache, fatigue, and dizziness) prevail
early'>'® and cognitive symptoms predominate (relative
to other symptoms) later. 1617 particular, physical symp-
toms decline more markedly over time, whereas cogni-
tive symptoms are more constant over time and become
the most prevalent type of complaint by 3—6 months
post-injury. Emotional symptoms (irritability, frustration,
and depression) also are more constant over time, although
not as frequently endorsed as those in the cognitive domain.
Visual symptoms and nausea are infrequently endorsed at
all times. Providing patients with information about the
type of symptom likely to improve, the ones that remain
stable over time, and those that are reported with low
frequency may be helpful when discussing prognosis,
planning treatment, or designing clinical trials.

Several reviews have reported that most symptoms
resolve by 3 months after an mTBL®” Studies that formed
the basis for these reviews, however, were small or had
other methodological problems such as high dropout
rates. Our findings are more consistent with those of Thea-
dom and colleagues,'> who found that 47.9% of persons
with mTBI reported at least four new or worsened symp-
toms at a year post-injury; we found that 42% of those
with mTBI reported at least 4 symptoms at 12 months.
Our analyses expand on the report by Nelson and col-
leagues,'” based on a subset of the TRACK-TBI sample
used here, which found an average RPQ score of 12.5 a
year after mTBI, significantly higher than for OTCs.
This is important because past publications stating that
symptoms usually resolve by 3 months after mild TBI
may lead clinicians to discount later symptom com-
plaints. Yet, we found that, by 3 months post-injury,
the majority of participants with TBI who report a
symptom worse than pre-injury will do so at the next ad-
jacent time period, and over half of those with mTBI re-
port three or more symptoms at a year after injury
compared to around one quarter of those with orthopedic
injuries or no injuries.

Endorsement of symptoms (at all levels of TBI sever-
ity) is associated with worse functional status*>~° and
lower levels of community participation.”’40 These asso-
ciations highlight the importance of developing targeted
treatments aimed at reducing symptom burden. Despite
the widespread problems associated with symptom en-
dorsement, medical follow-up after mTBI is low and
around half of those with mTBI reporting three or more
moderate-to-severe symptoms at 3 months indicate that
they had not seen a medical practitioner since initial
discharge.41

This study has several strengths. TRACK-TBI is a lon-
gitudinal study that recruited almost 2700 TBI cases
from 18 level 1 trauma centers in the United States and

included both OTCs and FCs. Follow-ups occurred at
four times across the year post-injury, allowing pattern
of recovery to be examined without large gaps between
observations.

The study also has limitations. The mTBI participants
enrolled in the study may be more severely injured than
other mTBI samples because they presented to a level 1
trauma center and required an acute head CT for clinical
care. There may be retrospective recall bias, so-called
good-old-days bias, which could change in unpredictable
ways across subjects or groups as time post-injury grows,
but it is not currently possible to assess and correct for
such bias. The number of OTCs and FCs is modest. Par-
ticipants with severe cognitive limitations at an assess-
ment were not asked to report symptoms at that point.
Although we know the number of persons who report
symptoms at adjacent assessments, we do not know
whether they experienced the symptom for the entire
time between those assessments. Participants were not
asked whether they attributed their symptoms to their
TBI, their peripheral injuries, or both. No data were
collected on treatments received.

Conclusion

Persistent symptoms were common after TBI of all
severities in those who were seen in a U.S. level 1 trauma
center and who received a head CT as part of clinical
care; 50% reported three or more symptoms at a year
after their injury, and >70% reported at least one prob-
lematic symptom. Almost one quarter of participants
report at least one symptom causing severe problems at
a point in time from 2 weeks to 6 months post-injury,
and the majority report a new or worse symptom persist-
ing into the adjacent time period. Clinicians should in-
quire about symptoms in patients who have had a TBI,
reassure them that experiencing symptoms is common,
and direct them to seek treatment for symptoms that are
disrupting their lives.
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