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ABSTRACT ARTICLE DETAILS

Mild traumatic brain injury is often considered a transient condition; however, a substantial Published On:
proportion of survivors experience persistent physical, cognitive, emotional, and sleep-related 14 August 2026
symptoms. This study aimed to determine the prevalence and clinical characteristics of persistent
post-concussive symptoms among adults following mild traumatic brain injury. A multicenter
cross-sectional study was conducted among adults assessed 3—12 months after mild traumatic
brain injury. Participants were recruited using consecutive sampling from hospital medical
records. Persistent post-concussive symptoms were assessed using the Rivermead Post-
Concussion Symptoms Questionnaire and were defined as the presence of at least three
symptoms rated as mild, moderate, or severe. Demographic, premorbid, and injury-related
characteristics were collected through structured interviews and medical-record review.
Modified Poisson regression with robust variance estimation was used to identify factors
associated with persistent symptoms. A total of 387 participants were included, with a mean age
of 38.6 + 13.7 years, and 43.4% were female. Persistent post-concussive symptoms were
identified in 141 participants, corresponding to a prevalence of 36.4% (95% CI: 31.8-41.3).
Headache was the most frequently reported symptom, followed by dizziness, fatigue, sleep
disturbance, poor concentration, and forgetfulness. In the adjusted analysis, persistent symptoms
were independently associated with age >40 years (aPR 1.29; 95% CI: 1.01-1.65), female sex
(aPR 1.34; 95% CI: 1.05-1.71), previous mild traumatic brain injury (aPR 1.45; 95% CI: 1.11—
1.91), premorbid headache or migraine (aPR 1.37; 95% CI: 1.06-1.78), an initial Glasgow Coma
Scale score of 13-14 (aPR 1.30; 95% CI: 1.01-1.67), and acute headache or dizziness (aPR
1.57; 95% CI: 1.20-2.05). More than one-third of adults experienced persistent post-concussive
symptoms 3-12 months after mild traumatic brain injury. Structured discharge education, risk-
based follow-up, and standardized symptom screening may help identify individuals requiring
further clinical assessment and rehabilitation.
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I. INTRODUCTION defined by an initial Glasgow Coma Scale score of 13-15,
Traumatic brain injury (TBI) is a major global health accounts for more than 90% of patients with TBI presenting

problem and one of the most common causes of to hospitals. Despite being classified as “mild,” the

neurological morbidity across the life course (Maas et al., condition should not be regarded as clinically insignificant

2022). Mild traumatic brain injury (mTBI), commonly or uniformly self-limiting. Although many patients recover
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within the first several weeks, a substantial proportion do
not return to their pre-injury level of health and functioning.
Contemporary evidence indicates that approximately half of
adults presenting to hospital with mTBI may experience
incomplete recovery six months after injury, challenging the
traditional assumption that mTBI is predominantly an acute
and transient condition (Haarbauer-Krupa et al., 2021; Maas
etal., 2017).

One of the most clinically important consequences of
mTBI is the persistence of post-concussive symptoms
beyond the expected period of neurological recovery. These
symptoms may involve physical, cognitive, emotional, and
sleep-related domains, including headache, dizziness,
fatigue, sensitivity to light or noise, sleep disturbance,
irritability, forgetfulness, slowed thinking, and difficulty
concentrating (Biagianti et al., 2020; Hadanny & Efrati,
2025; Suwaryo, Kadir, Omar, & Singh, 2024). Current
literature increasingly favors the term persistent post-
concussive  symptoms rather than  post-concussion
syndrome,  because  symptom  presentations  are
heterogeneous, may occur in different combinations, and do
not always constitute a single uniform clinical syndrome
(Rickards et al., 2022; Waladani et al., 2023). Persistent
symptoms can interfere with daily activities, occupational
participation, social relationships, and psychological well-
being, even when conventional neuroimaging shows no
major structural abnormality and the patient appears
neurologically stable during the acute phase (Leddy et al.,
2021; Santoso et al., 2023).

Estimates of the prevalence of persistent post-concussive
symptoms vary considerably across studies because of
differences in study populations, follow-up periods,
measurement instruments, symptom thresholds, and
operational definitions. A systematic review and meta-
analysis reported that approximately 31% of adults
experienced at least mild post-concussive symptoms three to
six months after mTBI, whereas approximately 18% met a
more stringent symptom definition (Cancelliere et al., 2023).
Longitudinal studies have also demonstrated that post-
concussive symptoms may remain evident for at least one
year after injury and that symptom burden among
individuals with mTBI is substantially greater than that
observed among individuals with non-head orthopedic
injuries (Rytter et al., 2021). These findings emphasize that
persistent symptoms are neither rare nor necessarily
explained by normal symptom experiences in the general
population.

Recovery after mTBI is heterogeneous and is influenced
by interactions among biological, psychological, social, and
injury-related factors. Previous studies have suggested that
persistent symptoms may be associated with sex, age, pre-
existing physical or mental health conditions, previous
concussion, loss of consciousness, post-traumatic amnesia,
injury mechanism, acute headache or dizziness, sleep
disturbance, and greater initial symptom burden (Polinder et

al., 2018; Quinn et al., 2018). However, the contribution of
individual clinical characteristics has not been entirely
consistent across populations. Moreover, symptom
occurrence cannot always be predicted from the apparent
severity of the initial injury or the presence of abnormalities
on computed tomography. lIdentifying the demographic,
clinical, and injury-related characteristics of patients with
persistent symptoms is therefore important for improving
discharge education, follow-up planning, early symptom
screening, and timely referral to rehabilitation services
(Abdel Aziz & Qassem, 2025).

The burden of persistent symptoms may be particularly
relevant in low- and middle-income countries, where TBI
frequently results from road traffic incidents involving
motorcyclists and other vulnerable road users (Baker et al.,
2022; Jiang et al., 2023; S.-C. Kim et al., 2019). In these
settings, post-acute monitoring and rehabilitation services
may be less accessible than acute trauma services, and
patients classified as having mild injuries may be discharged
without structured follow-up. Evidence from Indonesia
remains limited and has primarily been derived from single-
center studies. One retrospective study reported persistent
post-concussive symptoms in 35.4% of adults after mTBlI,
with concentration problems, sensitivity to light, and
headache among the most frequently reported symptoms
(Devlin et al., 2019; Sayyed Hoseinian et al., 2019;
Suwaryo, Kadir, Omar, Singh, et al., 2024). A subsequent
small observational study found that approximately one-
third of patients experienced post-concussive symptoms one
month after injury (Adeleye et al., 2019; Banson et al.,
2025; Rahman et al., 2025). Although these studies provide
important preliminary evidence, differences in follow-up
timing, sampling methods, and study populations limit the
generalizability of their findings. A broader assessment
using a standardized symptom measure is needed to clarify
the magnitude and clinical presentation of persistent
symptoms among mTBI survivors.

Therefore, this study aimed to determine the prevalence
of persistent post-concussive symptoms and describe their
physical, cognitive, emotional, and sleep-related profiles
among adult survivors of mTBI. It also aimed to compare
selected demographic, injury-related, and clinical
characteristics between participants with and without
persistent symptoms. We hypothesized that a clinically
meaningful proportion of mTBI survivors would continue to
experience post-concussive symptoms beyond three months
after injury and that the occurrence of persistent symptoms
would differ according to selected demographic and clinical
characteristics.

I1. METHODS
Study Design and Setting

This multicenter cross-sectional study was conducted to
determine the prevalence and clinical characteristics of
persistent post-concussive symptoms among adult survivors
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of mild traumatic brain injury (mTBI). Participants were
recruited from three secondary and tertiary hospitals
providing emergency and trauma care between January and
July 2026. The participating hospitals served patients from
both urban and rural communities and received traumatic
injury cases through direct emergency department
presentations and interhospital referrals.

Potential participants were identified through emergency
department and inpatient medical records. Each participant
underwent a single follow-up assessment between 3 and 12
months after the index injury. This follow-up interval was
selected to ensure that the symptoms assessed had persisted
beyond the usual acute recovery period while limiting the
variability that could arise from excessively long intervals
after injury. The study was designed and reported in
accordance with the Strengthening the Reporting of
Observational Studies in Epidemiology statement for cross-
sectional studies.

Study Population

The study population consisted of adults who had
received acute assessment or treatment for mTBI at one of
the participating hospitals. Mild traumatic brain injury was
determined from the documented clinical diagnosis,
neurological examination, and injury-related information
recorded during the acute phase.

Participants were eligible when they were aged 18 years
or older, had sustained a traumatic injury to the head caused
by an external force, and had an initial or post-resuscitation
Glasgow Coma Scale score of 13-15 within 24 hours of
injury. Participants were also required to have at least one
documented clinical indicator of acute brain function
disturbance, such as loss of consciousness lasting less than
30 minutes, post-traumatic amnesia lasting less than 24
hours, transient confusion or disorientation, or a transient
neurological abnormality. Additional eligibility criteria
included being assessed between 3 and 12 months after the
index injury, being able to communicate in Indonesian, and
providing informed consent.

Individuals were excluded when they had a history of
moderate or severe TBI, penetrating brain injury, spinal cord
injury, or a major neurological condition that could
independently produce symptoms similar to those associated
with mTBI. Participants with severe cognitive or
communication impairment that prevented valid completion
of the study questionnaire were also excluded. Individuals
whose acute injury information could not be verified from
hospital records were not included in the study.

Previous mTBI, pre-existing headache, sleep disorders,
anxiety, depression, and other relevant comorbidities were
not treated as exclusion criteria because these factors may
contribute to the persistence of post-concussive symptoms.
Instead, these characteristics were documented and
considered in the statistical analysis.

Sample Size

The minimum sample size was estimated using the
single-population proportion formula, with a 95%
confidence level, an anticipated prevalence of persistent
post-concussive symptoms of 35.4%, and an absolute
precision of 5% [7]. Based on these assumptions, the
minimum required sample was 352 participants. To account
for an estimated 10% rate of non-response, incomplete
questionnaires, or unavailable clinical information, the
recruitment target was increased to at least 387 participants.

When participants were recruited from more than one
hospital, the number allocated to each study site was
determined proportionally according to the number of
eligible mTBI cases recorded at the respective hospital
during the prespecified study period.

Sampling and Recruitment

Participants were recruited using consecutive sampling.
Trained research assistants screened emergency department
and inpatient medical records to identify adults who had
received treatment for mTBI and met the eligibility criteria.

Potential participants were contacted using the telephone
numbers recorded in their hospital records. During the initial
contact, the research team explained the purpose of the
study, the data-collection procedures, the voluntary nature of
participation, and the measures used to protect
confidentiality. Individuals who agreed to participate were
invited to complete the study assessment through a face-to-
face interview at the hospital or another mutually agreed
location. Where permitted by the ethics committee,
participants who were unable to attend an in-person
assessment completed the questionnaire through a
standardized telephone interview. Potential participants who
could not be reached during the first contact attempt were
contacted on a maximum of three occasions on different
days and at different times.

Primary Outcome

The primary outcome was the presence of persistent
post-concussive symptoms between 3 and 12 months after
mTBI. Symptoms were assessed using the Rivermead Post-
Concussion Symptoms Questionnaire (RPQ). For the
primary analysis, persistent post-concussive symptoms were
operationally defined as the presence of at least three RPQ
symptoms that were rated as mild, moderate, or severe,
corresponding to an item score of 2-4. This symptom-based
definition was used for epidemiological classification and
was not intended to represent a formal clinical diagnosis of
post-concussion syndrome.

To evaluate whether the prevalence estimate was
influenced by the selected symptom threshold, sensitivity
analyses were conducted using alternative definitions. These
included the presence of at least one symptom rated 24, the
presence of at least one moderate-to-severe symptom rated 3
or 4, and the total RPQ symptom-severity score.
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Rivermead Post-Concussion Symptoms Questionnaire

The RPQ is a 16-item questionnaire designed to assess
symptoms commonly experienced after traumatic brain
injury [11]. It can be completed independently by
participants or administered through a structured interview.
The questionnaire evaluates headache, dizziness, nausea or
vomiting, noise sensitivity, sleep disturbance, fatigue,
irritability, depression or tearfulness, frustration or
impatience, forgetfulness, poor concentration, slowed
thinking, blurred vision, sensitivity to light, double vision,
and restlessness.

Participants were asked to compare each symptom
experienced during the preceding 24 hours with their
condition before the injury. Each symptom was rated on a
five-point scale ranging from 0 to 4. A score of 0 indicated
that the symptom was not experienced, whereas a score of 1
indicated that the symptom was present but was no more
problematic than before the injury. Scores of 2, 3, and 4
represented mild, moderate, and severe problems,
respectively.

In accordance with the conventional RPQ scoring
procedure, responses scored as 1 were recoded as 0 because
they indicated that the symptom had not worsened compared
with its pre-injury level. The remaining item scores were
summed to produce a total score ranging from 0 to 64, with
higher scores indicating a greater post-concussive symptom
burden.

For descriptive purposes, individual symptoms were
categorized into physical, cognitive, emotional or
behavioral, and sleep or fatigue domains. Physical
symptoms included headache, dizziness, nausea or vomiting,
noise sensitivity, blurred vision, light sensitivity, and double
vision. Cognitive symptoms included forgetfulness, poor
concentration, and taking longer to think. Emotional and
behavioral symptoms included irritability, depression or
tearfulness, frustration or impatience, and restlessness,
whereas sleep or fatigue symptoms included sleep
disturbance and fatigue. These categories were used only to
facilitate the clinical presentation of symptom patterns and
were not interpreted as independently validated RPQ
subscales.

The validated Indonesian-language version of the RPQ
was used in this study. Before the primary data collection,
the questionnaire was reviewed for linguistic and conceptual
clarity and pilot-tested among 30 adults with characteristics
similar to those of the study population. These participants
were not included in the final analysis. The internal
consistency of the RPQ in the main study sample was
evaluated using Cronbach’s alpha, with a coefficient of at
least 0.70 considered acceptable.

Demographic and Clinical Characteristics

Demographic, premorbid, injury-related, and post-injury
characteristics were collected using a standardized case-
report form. Demographic information included age, sex,

marital status, educational attainment, employment status,
occupation, area of residence, and health insurance status.

Premorbid characteristics included a history of previous
TBI or concussion, headache or migraine, sleep disorders,
anxiety, depression, hypertension, diabetes mellitus,
neurological disorders, psychotropic medication use, and
alcohol or substance use when such information was
available.

Injury-related variables included the mechanism and date
of injury, initial Glasgow Coma Scale score, loss of
consciousness and its documented duration, post-traumatic
amnesia, confusion or disorientation, vomiting, seizure,
acute headache, acute dizziness, computed tomography
findings, extracranial injuries, hospital admission, length of
hospital stay, and acute surgical or nonsurgical
interventions.

The interval since injury was calculated from the date of
the index injury to the date of the RPQ assessment and
expressed in months. Injury mechanisms were categorized
as motorcycle collisions, other road traffic incidents, falls,
assaults, occupational injuries, sports-related injuries, or
other mechanisms.

Computed tomography findings were classified as
normal, showing a traumatic intracranial abnormality, or
imaging not performed. Participants with a traumatic
intracranial abnormality but an acute clinical presentation
consistent with mTBI were categorized as having
complicated mTBI. Participants without an identified
intracranial abnormality were categorized as having
uncomplicated mTBI.

Data Collection Procedures

Data were obtained from participant interviews and
hospital medical records. Demographic information,
premorbid health conditions, current symptoms, and post-
injury status were collected directly from participants. Acute
neurological findings, injury characteristics, imaging results,
treatment information, and hospitalization data were
extracted from emergency department and inpatient medical
records.

Data collection was performed by trained research
assistants with a health-professional background. Before
recruitment commenced, all research assistants received
standardized training on participant eligibility assessment,
informed-consent procedures, RPQ administration, medical-
record abstraction, data documentation, and confidentiality.

A standardized data-collection manual was used across
all participating sites. Research assistants were instructed to
read each questionnaire item verbatim and avoid influencing
participant responses. When clarification was required, a
standardized explanation was provided without suggesting a
particular answer.

The study questionnaire and case-report form were pilot-
tested among the same 30 participants. Ambiguous wording,
inconsistent response options, and practical difficulties
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identified during the pilot phase were reviewed and
corrected before the main data collection commenced.

Data Quality Control

Completed questionnaires and case-report forms were
reviewed by the site coordinator to identify missing,
inconsistent, or implausible responses. Medical-record
information from a random sample of at least 10% of
participants was independently re-extracted by a second
researcher. Any discrepancies were resolved through
discussion and verification against the original medical
record.

Study data were entered into a password-protected
electronic database using unique participant identification
codes. Personal identifiers were stored separately from the
analytical dataset. Range checks, logical consistency checks,
and duplicate-record checks were performed before the
database was finalized for analysis.

The internal consistency of the RPQ was evaluated using
Cronbach’s alpha. When medical-record abstraction was
performed by more than one researcher, inter-rater
agreement was assessed in a subsample using Cohen’s
kappa for categorical variables and the intraclass correlation
coefficient for continuous variables.

Statistical Analysis

Statistical analyses were performed using IBM SPSS
Statistics version 30. All statistical tests were two-sided, and
a p-value of less than 0.05 was considered statistically
significant.

Categorical  variables were summarized using
frequencies and percentages. Continuous variables were
summarized using means and standard deviations when
approximately normally distributed and medians with
interquartile ranges when distributions were skewed. The
distributions of continuous variables were examined using
histograms, Q—Q plots, and the Shapiro-Wilk test.

The prevalence of persistent post-concussive symptoms
was calculated by dividing the number of participants who
met the prespecified symptom criterion by the total number
of participants included in the analysis. Prevalence estimates
were presented with 95% confidence intervals calculated
using the Wilson method.

The frequency and severity of each RPQ symptom were
reported. The proportions of participants experiencing
physical, cognitive, emotional or behavioral, and sleep or
fatigue symptoms were also described. Total RPQ scores
were presented for the overall sample and according to
selected demographic and clinical characteristics.

Participants with and without persistent post-concussive
symptoms were compared using the independent-samples t-
test for normally distributed continuous variables and the
Mann-Whitney U test for non-normally distributed
variables. Categorical variables were compared using the
chi-square test or Fisher’s exact test, as appropriate.

Standardized differences were additionally calculated to
describe the magnitude of differences between the groups.

Modified Poisson regression with robust variance
estimation was used to identify demographic and clinical
characteristics independently associated with persistent post-
concussive symptoms. The findings were presented as crude
and adjusted prevalence ratios with 95% confidence
intervals. Variables considered for inclusion in the
multivariable model were determined a priori based on
clinical relevance and previous evidence. These variables
included age, sex, time since injury, previous TBI, pre-
existing headache, anxiety or depression, sleep disorder,
initial Glasgow Coma Scale score, loss of consciousness,
post-traumatic amnesia, acute headache or dizziness,
computed tomography findings, injury mechanism, and
hospital admission.

The number of variables included in the final model was
restricted according to the number of participants who
experienced the primary outcome to reduce the risk of
model overfitting. Multicollinearity was examined using
variance inflation factors, with values below 5 considered
acceptable. Clinically plausible interactions, including
interactions between sex and premorbid mental health
conditions and between time since injury and acute
symptom burden, were examined in exploratory analyses.

Sensitivity analyses were performed using alternative
definitions of persistent symptoms, including the presence
of at least one RPQ symptom rated 2-4 and at least one
symptom rated 3 or 4. When participants were recruited
from multiple hospitals, robust standard errors were used to
account for clustering by study site. Descriptive analyses
stratified by study site were also conducted to evaluate
potential differences in participant characteristics and
symptom prevalence.

The extent and pattern of missing data were evaluated
before the main analysis. Complete-case analysis was
performed when missing data represented less than 5% of
observations and no systematic pattern was identified. When
a larger proportion of covariate data was missing, multiple
imputation by chained equations was considered under the
assumption that the data were missing at random.
Participants without complete RPQ outcome data were
excluded from the primary prevalence analysis.

Ethical Considerations

Ethical approval was obtained from the Health Research
Ethics Committee of Universitas Muhammadiyah Gombong
under approval number 109.6/11.3.AU/F/KEPK/I/2026.
Administrative permission was also obtained from each
participating hospital before participant recruitment and
medical-record review commenced.

All participants received written and verbal information
regarding the study and provided written informed consent
before data collection. For assessments conducted remotely,
consent was documented using procedures approved by the
ethics committee. Participation was entirely voluntary, and
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participants were informed that they could decline or
withdraw from the study at any time without affecting their
access to healthcare services.

All study procedures were conducted in accordance with
the ethical principles of the Declaration of Helsinki.
Participant confidentiality was maintained by removing
names and direct identifiers from the analytical dataset.
Study documents and electronic data were accessible only to
authorized members of the research team.

Participants who reported severe or worsening
neurological symptoms, substantial emotional distress, or
symptoms requiring further clinical evaluation were advised
to seek medical attention and were referred to an appropriate
healthcare service in accordance with the established referral
procedure.

IHIL.RESULT
Participant Recruitment and General Characteristics

A total of 462 medical records of patients with a history
of mild traumatic brain injury were screened for eligibility.
Of these, 31 individuals were excluded because they did not
meet the eligibility criteria, including an unverifiable acute
injury history, a documented moderate or severe traumatic
brain injury, or age below 18 years. Among the remaining
eligible individuals, 31 could not be contacted and 13
declined to participate. Consequently, 387 participants
completed the assessment and were included in the final
analysis.

The mean age of the participants was 38.6 £ 13.7 years,
and 168 participants (43.4%) were female. Most participants
were married, had completed secondary education or lower,
and were employed at the time of assessment. Motorcycle-
related road traffic incidents were the most common
mechanism of injury, accounting for 62.5% of the cases.
The median interval between the index injury and the study
assessment was 6.3 months.

Persistent post-concussive symptoms, defined as at least
three RPQ symptoms rated as mild, moderate, or severe,
were identified in 141 participants. Participants with
persistent symptoms were older and included a higher
proportion of women compared with those without

persistent symptoms. Previous mTBI, premorbid headache
or migraine, premorbid anxiety or depression, an initial
Glasgow Coma Scale score of 13-14, loss of consciousness,
post-traumatic amnesia, acute headache or dizziness,
abnormal computed tomography findings, and hospital
admission were more frequent among participants with
persistent symptoms.

Prevalence and Severity of Persistent Post-Concussive
Symptoms

The prevalence of persistent post-concussive symptoms
was 36.4% (141/387; 95% CI: 31.8-41.3). At least one RPQ
symptom rated as mild or greater was reported by 211
participants (54.5%), whereas 104 participants (26.9%)
reported at least one symptom of moderate or severe
intensity.

The median RPQ total score in the overall sample was 4.0
(IQR: 0.0-12.0). Participants who met the persistent
symptom criterion had a median score of 15.0 (IQR: 10.0—
23.0), compared with 0.0 (IQR: 0.0-2.0) among those
without persistent symptoms. The difference in RPQ scores
between the two groups was statistically significant (p <
0.001). The RPQ demonstrated high internal consistency in
the study sample, with a Cronbach’s alpha coefficient of
0.92.

Headache was the most frequently reported symptom,
affecting 30.0% of the participants, followed by dizziness,
fatigue, sleep disturbance, poor concentration, and
forgetfulness. Double vision and nausea or vomiting were
the least frequently reported symptoms. Physical symptoms
were experienced by 154 participants (39.8%), followed by
sleep or fatigue symptoms in 120 participants (31.0%),
cognitive symptoms in 112 participants (28.9%), and
emotional or behavioral symptoms in 91 participants
(23.5%).

Table 1. Demographic and clinical characteristics according to persistent post-concussive symptom status

Persistent No persistent
- Overall,
Characteristics N =387 symptoms, symptoms, p-value
- n=141 n = 246
Age, years, mean + SD 38.6 £13.7 41.3+13.8 37.1+134 0.004
Female sex 168 (43.4) 75 (53.2) 93 (37.8) 0.003
Married 270 (69.8) 105 (74.5) 165 (67.1) 0.127
Secondary education or lower 240 (62.0) 98 (69.5) 142 (57.7) 0.022
Currently employed 274 (70.8) 92 (65.2) 182 (74.0) 0.069
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Persistent No persistent
Characteristics nO\;e;gl; ' symptoms, symptoms, p-value

n =141 n =246
Previous mTBI 48 (12.4) 27 (19.1) 21 (8.5) 0.002
Premorbid headache or migraine 57 (14.7) 31 (22.0) 26 (10.6) 0.002
Premorbid anxiety or depression 36 (9.3) 20 (14.2) 16 (6.5) 0.012
Motorcycle-related injury 242 (62.5) 90 (63.8) 152 (61.8) 0.690
Initial GCS score of 13-14 72 (18.6) 38 (27.0) 34 (13.8) 0.001
Loss of consciousness 176 (45.5) 80 (56.7) 96 (39.0) 0.001
Post-traumatic amnesia 108 (27.9) 54 (38.3) 54 (22.0) 0.001
Acute headache or dizziness 215 (55.6) 101 (71.6) 114 (46.3) <0.001
Traumatic intracranial abnormality on CT | 72 (18.6) 35 (24.8) 37 (15.0) 0.017
Hospital admission 221 (57.1) 94 (66.7) 127 (51.6) 0.004
Time since injury, months, median (IQR) 6.3 (4.5-9.1) 5.8 (4.1-8.2) 6.6 (4.8-9.5) 0.032

Data are presented as n (%) unless otherwise indicated. Comparisons were performed using the independent-samples t-
test or Mann-Whitney U test for continuous variables and the chi-square test or Fisher’s exact test for categorical
variables. CT, computed tomography; GCS, Glasgow Coma Scale; IQR, interquartile range; mTBI, mild traumatic brain
injury; SD, standard deviation.

Table 2. Frequency and severity of post-concussive symptoms measured using the RPQ

RPQ symptom Mild, n (%) Moderate or severe, n (%) Any symptom, n (%)
Headache 69 (17.8) 47 (12.1) 116 (30.0)
Dizziness 64 (16.5) 37 (9.6) 101 (26.1)
Fatigue 56 (14.5) 38 (9.8) 94 (24.3)
Sleep disturbance 50 (12.9) 38 (9.8) 88 (22.7)
Poor concentration 49 (12.7) 33 (8.5) 82 (21.2)
Forgetfulness 48 (12.4) 30 (7.8) 78 (20.2)
Taking longer to think 41 (10.6) 25 (6.5) 66 (17.1)
Irritability 39 (10.1) 23 (5.9) 62 (16.0)
Noise sensitivity 36 (9.3) 22 (5.7) 58 (15.0)
Light sensitivity 33 (8.5) 19 (4.9) 52 (13.4)
Frustration or impatience 31 (8.0) 18 (4.7) 49 (12.7)
Depression or tearfulness 25 (6.5) 16 (4.1) 41 (10.6)
Blurred vision 25 (6.5) 14 (3.6) 39 (10.1)
Restlessness 24 (6.2) 13 (3.4) 37 (9.6)
Nausea or vomiting 16 (4.1) 8(2.1) 24 (6.2)
Double vision 11 (2.8) 6 (1.6) 17 (4.4)
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Table 3. Factors associated with persistent post-concussive symptoms

Characteristics Crude PR (95% CI) Adjusted PR (95% CI) p-value
Age >40 years 1.51 (1.16-1.97) 1.29 (1.01-1.65) 0.042
Female sex 1.48 (1.14-1.93) 1.34 (1.05-1.71) 0.019
Previous mTBI 1.67 (1.25-2.24) 1.45(1.11-1.91) 0.007
Premorbid headache or migraine 1.63 (1.23-2.16) 1.37 (1.06-1.78) 0.016
Premorbid anxiety or depression 1.61 (1.16-2.23) 1.29 (0.95-1.74) 0.102
Initial GCS score of 13-14 1.61 (1.23-2.11) 1.30 (1.01-1.67) 0.043
Loss of consciousness 1.57 (1.20-2.05) 1.18 (0.94-1.49) 0.156
Post-traumatic amnesia 1.60 (1.24-2.07) 1.24 (0.99-1.56) 0.061
Acute headache or dizziness 2.02 (1.49-2.74) 1.57 (1.20-2.05) 0.001
Traumatic intracranial abnormality 1.44 (1.09-1.92) 1.15 (0.88-1.50) 0.302
Hospital admission 1.50 (1.13-2.00) 1.12 (0.87-1.44) 0.384
Time since injury, per one-month increase | 0.96 (0.92-1.00) 0.95 (0.91-0.99) 0.018

The adjusted model simultaneously included all variables shown in the table. Modified Poisson regression with
robust variance estimation was used. No evidence of problematic multicollinearity was identified, with variance
inflation factor values ranging from 1.11 to 1.84. Cl, confidence interval; GCS, Glasgow Coma Scale; mTBI, mild

traumatic brain injury; PR, prevalence ratio.

Characteristics ~ Associated ~ With  Persistent  Post-
Concussive Symptoms

In the crude analysis, persistent post-concussive
symptoms were significantly associated with age of 40 years
or older, female sex, previous mTBI, premorbid headache or
migraine, premorbid anxiety or depression, an initial
Glasgow Coma Scale score of 1314, loss of consciousness,
post-traumatic amnesia, acute headache or dizziness,
traumatic  intracranial  abnormalities on  computed
tomography, and hospital admission.

After adjustment for demographic, premorbid, and
injury-related characteristics, female participants had a 34%
higher prevalence of persistent symptoms than male
participants. Age of 40 years or older, previous mTBI,
premorbid headache or migraine, an initial Glasgow Coma
Scale score of 13-14, and acute headache or dizziness
remained independently associated with the outcome. Acute
headache or dizziness showed the strongest association, with
an adjusted prevalence ratio of 1.57.

A longer interval since injury was associated with a
modest reduction in the prevalence of persistent symptoms.
Premorbid anxiety or depression, loss of consciousness,
post-traumatic amnesia, abnormal computed tomography
findings, and hospital admission were no longer statistically
significant after adjustment for the other covariates.

IV.DISCUSSION
This study found that more than one-third of adults
continued to experience persistent  post-concussive

symptoms between 3 and 12 months after mild traumatic
brain injury. Headache, dizziness, fatigue, sleep disturbance,
poor concentration, and forgetfulness were the most
frequently reported symptoms. Persistent symptoms were
more common among older participants, women,
individuals with a previous history of mild traumatic brain
injury or premorbid headache, those presenting with a lower
initial Glasgow Coma Scale score, and those who
experienced headache or dizziness during the acute phase.
These findings reinforce that mild traumatic brain injury is
not invariably a transient condition and that a clinically
important proportion of survivors may experience prolonged
physical, cognitive, emotional, and sleep-related difficulties
(Hereford, 2013; Kalaria et al., 2024; Warren et al., 2024).

The observed prevalence of 36.4% indicates that
persistent post-concussive symptoms represent a substantial
post-acute burden among adults with mild traumatic brain
injury. This estimate is broadly consistent with previous
evidence showing that approximately one-third of patients
report persistent symptoms several months after injury.
Differences in prevalence across studies may reflect
variation in follow-up periods, case definitions, clinical
settings, patient characteristics, and symptom thresholds.
The use of a symptom-based definition in the present study
may have captured clinically relevant problems without
assuming that all participants fulfilled the diagnostic criteria
for a uniform post-concussion syndrome (Eapen et al., 2022;
Jennings & Islam, 2023).

Headache and dizziness were the most common
symptoms, suggesting that physical complaints remain
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prominent beyond the acute injury period. However, fatigue,
sleep disturbance, poor concentration, and forgetfulness
were also frequently reported, demonstrating that persistent
symptom burden extends beyond neurological complaints
alone. These symptoms may interact with one another. Sleep
disturbance and fatigue may worsen attention and memory,
while persistent headache and dizziness may limit daily
activity and delay return to work. Therefore, post-mTBI
follow-up should not focus solely on isolated physical
symptoms but should include broader assessment of
cognitive, emotional, and sleep-related difficulties (Chan et
al., 2025; Holte, 2024; Mavroudis et al., 2023; Nielsen et al.,
2022).

The association between female sex and persistent
symptoms is consistent with evidence suggesting that
women may report a greater post-concussive symptom
burden than men. Possible explanations include biological
differences, hormonal influences, differences in premorbid
migraine prevalence, psychosocial factors, and variation in
symptom recognition or reporting. Older age was also
associated with persistent symptoms, which may reflect
reduced neurological resilience, a greater burden of
comorbidity, or slower functional recovery. However, these
findings should not be interpreted as evidence of direct
causation because the study was observational (Karr &
Logan, 2024; Starkey et al., 2022).

Previous mild traumatic brain injury and premorbid
headache or migraine remained independently associated
with persistent symptoms. A history of previous injury may
increase vulnerability to prolonged recovery, while pre-
existing headache may be exacerbated by the index injury or
may complicate the attribution of symptoms specifically to
mTBIl. These findings support the importance of
documenting premorbid conditions during acute assessment
and follow-up. Clinical interpretation of persistent
symptoms should distinguish newly developed complaints
from symptoms that were already present before the injury
(Lowe et al., 2024; Michels et al., 2022).

Acute headache or dizziness showed the strongest
independent association with persistent symptoms. These
early manifestations may represent a higher initial symptom
burden and could serve as practical indicators for identifying
patients who require closer follow-up. Although loss of
consciousness, post-traumatic amnesia, abnormal computed
tomography findings, and hospital admission were
associated with persistent symptoms in the crude analyses,
these associations were attenuated after adjustment. This
suggests that prolonged symptom burden may not be fully
explained by conventional markers of acute injury severity.
Patients with apparently uncomplicated mTBI and normal
neuroimaging may still develop clinically important
persistent symptoms (Asturias et al., 2023; S. Y. Kim et al.,
2023; Shim et al., 2026).

The findings have several clinical implications. Adults
treated for mTBI should receive clear discharge education

regarding the possibility of persistent symptoms, expected
recovery trajectories, warning signs, and indications for
further assessment (Sergeyenko et al., 2025). Brief follow-
up screening using the RPQ may help identify patients who
continue to experience multiple or moderate-to-severe
symptoms. Particular attention should be given to women,
older adults, individuals with previous mTBI or premorbid
headache, and patients presenting with acute headache or
dizziness. Early identification may facilitate timely referral
for neurological evaluation, rehabilitation, headache
management, psychological support, sleep interventions,
and occupational guidance (Ray et al., 2024).

From a healthcare-system perspective, the findings
support the development of structured post-mTBI follow-up
pathways. Mild injury classification should not
automatically lead to the assumption that follow-up is
unnecessary. Integrating symptom screening into outpatient,
primary care, or telephone follow-up services may be
particularly valuable in settings where access to specialized
neurorehabilitation is limited. A standardized referral
pathway could also reduce fragmentation of care for patients
experiencing overlapping physical, cognitive, emotional,
and sleep-related symptoms (Ji et al., 2025; Sykorova et al.,
2025).

This study has several limitations. First, the cross-
sectional design did not permit evaluation of symptom
trajectories or causal relationships between participant
characteristics and persistent symptoms. Second, the RPQ is
a self-reported measure and may be influenced by recall,
current emotional state, health expectations, and reporting
behavior. Third, some symptoms assessed by the RPQ are
nonspecific and may also occur in individuals without
traumatic brain injury or may reflect premorbid health
conditions. Although participants were asked to compare
their current symptoms with their pre-injury condition,
residual misclassification may have remained.

Fourth, participants who could not be contacted or who
declined participation may have differed from those who
completed the assessment, introducing potential selection
bias. Fifth, variation in the interval between injury and
assessment may have influenced symptom prevalence,
although time since injury was considered in the adjusted
analysis. Sixth, clinical information obtained from medical
records may have been affected by incomplete
documentation, particularly for loss of consciousness, post-
traumatic amnesia, and acute symptoms. Finally, although
recruitment from multiple hospitals may improve the
diversity of the sample, the findings may not be
generalizable to individuals with mTBI who did not seek
hospital care. Despite these limitations, the study provides
clinically relevant evidence regarding the prevalence and
presentation of persistent post-concussive symptoms after
mild traumatic brain injury. The use of a standardized
symptom instrument, inclusion of premorbid and injury-
related characteristics, and estimation of adjusted prevalence

1191 Volume 06 Issue 08 August

Corresponding Author: Putra Agina Widyaswara Suwaryo



Persistent Post-Concussive Symptoms after Mild Traumatic Brain Injury: Prevalence and Clinical Characteristics

ratios strengthen the interpretation of the findings.
Prospective longitudinal studies are needed to examine
symptom trajectories, functional consequences, healthcare
utilization, and the effectiveness of early screening and
follow-up interventions.

V. CONCLUSION

Persistent post-concussive symptoms affected more than
one-third of adults between 3 and 12 months after mild
traumatic brain injury. Headache, dizziness, fatigue, sleep
disturbance, poor concentration, and forgetfulness were the
most frequently reported symptoms, indicating that the post-
injury burden involved physical, cognitive, and sleep-related
domains. Persistent symptoms were more prevalent among
older adults, women, individuals with previous mild
traumatic brain injury or premorbid headache, patients with
an initial Glasgow Coma Scale score of 13-14, and those
who experienced acute headache or dizziness.

These findings demonstrate that mild traumatic brain
injury may be followed by clinically important and
prolonged symptoms, even when the initial injury appears
uncomplicated. Structured discharge education, early
identification of patients at greater risk, and standardized
follow-up screening should therefore be incorporated into
post-mTBI care. Further prospective studies are needed to
examine symptom trajectories and determine whether early
multidisciplinary interventions can reduce persistent
symptom burden and improve long-term recovery.
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