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Abstract
Background
Headache is a prevalent and debilitating symptom following traumatic brain injury (TBI). Large-scale, prospective cohort studies are needed to establish long-term headache prevalence and associated factors after TBI. This study aimed to assess the frequency and severity of headache after TBI and determine whether sociodemographic factors, injury severity characteristics, and pre- and post-injury comorbidities predicted changes in headache frequency and severity during the first 12 months after injury.

Methods
A large patient sample from the Collaborative European NeuroTrauma Effectiveness Research in Traumatic Brain Injury (CENTER-TBI) prospective observational cohort study was used. Patients were stratified based on their clinical care pathway: admitted to an emergency room (ER), a ward (ADM) or an intensive care unit (ICU) in the acute phase. Headache was assessed using a single item from the Rivermead Post-Concussion Symptoms Questionnaire measured at baseline, 3, 6 and 12 months after injury. Mixed-effect logistic regression analyses were applied to investigate changes in headache frequency and associated predictors.

Results
A total of 2,291 patients responded to the headache item at baseline. At study enrolment, 59.3% of patients reported acute headache, with similar frequencies across all strata. Female patients and those aged up to 40 years reported a higher frequency of headache at baseline compared to males and older adults. The frequency of severe headache was highest in patients admitted to the ICU. The frequency of headache in the ER stratum decreased substantially from baseline to 3 months and remained from 3 to 6 months. Similar trajectory trends were observed in the ICU and ADM strata across 12 months. Younger age, more severe TBI, fatigue, neck pain and vision problems were among the predictors of more severe headache over time. More than 25% of patients experienced headache at 12 months after injury.

Conclusions
Headache is a common symptom after TBI, especially in female and younger patients. It typically decreases in the first 3 months before stabilising. However, more than a quarter of patients still experienced headache at 12 months after injury. Translational research is needed to advance the clinical decision-making process and improve targeted medical treatment for headache.

Trial registration
ClinicalTrials.gov NCT02210221.

Supplementary Information
The online version contains supplementary material available at 
https://​doi.​org/​10.​1186/​s10194-024-01751-0.
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Background
Posttraumatic headache (PTH) is a common symptom after traumatic brain injury (TBI) [1]. It is classified as a secondary headache, which develops within 7 days after trauma, regaining consciousness, or recovering the ability to sense and report pain [2]. The duration of PTH determines whether it is acute (less than 3 months) or persistent (more than 3 months) [2].
The reported prevalence of headache in the first year following TBI varies from 10 to 95%, depending on the severity of trauma, type of pain and other factors [3–6]. Applying a cutoff score of ≥ 2 (mild, moderate or severe problem) on the Rivermead Post-Concussion Symptoms Questionnaire (RPQ), 37.5% of patients with mild TBI reported headache at 6 months and almost 30% at 12 months [6]. Another prospective study estimated that 54% to 69% of patients with mild TBI experienced headache within the first year [3]. Several studies suggest that PTH is more frequent after mild TBI compared to moderate or severe TBI [7–9], while others show no association between injury severity and PTH [5, 10].
Although PTH tends to improve over time [6, 10–13], many patients still experience chronic headache regardless of TBI severity [14, 15, 9].
Conflicting evidence exists regarding the association between sex, age and PTH [3, 5, 16, 17]. In a prospective observational study of risk factors for PTH after mild TBI, female sex, younger age, presence of headache at the emergency department, and computed tomography (CT) abnormalities were significant risk factors for developing chronic PTH [16]. Studies on moderate to severe TBI cohorts [5] and all TBI severities [14] identified female sex as predicting persistent headache. Several studies have shown an association between PTH and mood disorders [10, 18–20]. Additionally, a migraine-like headache phenotype is common in patients affected by persistent PTH [21]. Moreover, a pre-injury history of migraine has been found to predict PTH [6, 19] and has been associated with its frequency, severity, and impact on activities of daily living following moderate and severe TBI [14].
Many headache types are associated with visual problems [22]. The visual system is likely to be directly affected along with the headache, or by the headache, or may even be part of its triggering mechanism [22]. Therefore, considering visual disturbances as a potential predictor of PTH seems reasonable. Concurrent damage to musculoskeletal structures, especially the head and neck, might result in tension-type headache. The presence of comorbid and concurrent neck pain with migraine has been shown to be a significant predictor of disability and physical limitations, associated with increased headache frequency, intensity and duration [23–26].
Considering the inconsistent findings in the literature, large-scale, prospective longitudinal studies on PTH across acute clinical care pathways and injury severities are necessary. These studies will provide critical knowledge for identifying factors that can cause and prolong PTH, which is crucial for improving intervention and targeted treatment for individuals experiencing PTH [27].
We used a large patient sample from the Collaborative European NeuroTrauma Effectiveness Research in Traumatic Brain Injury (CENTER-TBI) observational study. Patients were stratified according to clinical care pathway: admitted to an emergency room (ER), a ward (ADM) or an intensive care unit (ICU) in the acute phase [28]. Headache was assessed using a single item from the RPQ because this seems to provide a good estimate of the subjective experience of headache after TBI. In this study, we use the term “headache” rather than PTH as we did not use the International Classification of Headache Disorders (ICHD-3) headache classification [2]. The study aims were to:	1.
Assess the frequency and severity of headache after TBI at baseline (i.e. time of study inclusion), as well as 3, 6 and 12 months after injury across age, sex, injury severity and clinical pathway.

 

	2.
Explore whether sociodemographic factors, injury severity characteristics, and pre- and post-injury comorbidities predicted changes in headache frequency and severity in the first 12 months after TBI.

 




We hypothesised that headache would be a significant burden for most patients after TBI, regardless of injury severity and time since injury.

Methods
Study design
Data were included from participants in the core study of the CENTER-TBI project, an observational, longitudinal cohort study of patients with all severities of TBI. The participants presented to 65 centres across Europe and Israel between December 19, 2014, and December 17, 2017. The included patients had a clinical diagnosis of TBI and an indication for CT scanning, presented to a study centre within 24h after injury, and provided informed consent according to local and national ethical and legal requirements. The exclusion criterion was having a severe pre-existing neurological disorder that could bias functional outcome assessments. Patients were differentiated prospectively into three strata according to the clinical care pathway: ER stratum (patients assessed in the ER and then discharged), ADM stratum (patients admitted to a hospital ward) and ICU stratum (patients who were primarily admitted to the ICU). The study protocol has been published elsewhere [28]. The trial was registered at ClinicalTrials.gov on August 6, 2014 (#NCT02210221). The STROBE checklist was used to report this study (see Additional file 7).

Participants
The CENTER-TBI core study included 4,509 patients. This study analysed data from all patients in the ER, ADM and ICU strata who responded to the RPQ item measuring headache at least once, either at baseline (mean 2.5 days after admission to CENTER-TBI) or 3, 6 or 12 months after injury. In total, 2,291 patients (50.8% of patients in the core study) were included in this study (see Table 1 for baseline characteristics). Of these, 2,291 responded to the RPQ headache item at baseline, 2,162 at 3 months, 2,253 at 6 months and 1,450 at 12 months.
Table 1Sociodemographic and clinical characteristics of the study population at baseline


	Characteristic
	Total (N = 2,291)
	ER
(n = 746)
	ADM
(n = 1,146)
	ICU
(n = 399)
	p-value

	Sex, male %
	1,454 (63.5%)
	417 (55.9%)
	741 (64.7%)
	296 (74.2%)
	 < 0.001

	Age, years
	 	 	 	 	 < 0.001

	Mean (SD)
	48.8 (21.1)
	47.3 (20.6)
	50.8 (21.5)
	45.8 (20.4)
	 
	Median (IQR)
	50 (30, 66)
	46 (29, 64)
	53 (33, 68)
	46 (30, 62)
	 
	Age category, %
	 	 	 	 	 < 0.001

	0–18 years
	166 (7.3%)
	39 (5.2%)
	86 (7.5%)
	41 (10.4%)
	 
	19–40 years
	693 (30.2%)
	269 (36.1%)
	297 (25.9%)
	127 (31.8%)
	 
	41–65 years
	849 (37.1%)
	269 (36.1%)
	427 (37.3%)
	153 (38.3%)
	 
	 > 65 years
	583 (25.4%)
	169 (22.6%)
	336 (29.3%)
	78 (19.5%)
	 
	Education, years
	 	 	 	 	0.399

	Mean (SD)
	13.3 (4.3)
	13.1 (4.0)
	13.4 (4.4)
	13.3 (4.8)
	 
	Median (IQR)
	13 (11, 16)
	13 (10, 16)
	13 (11, 16)
	13 (11, 16)
	 
	Pre-injury ASA-PS, %
	 	 	 	 	 < 0.001

	Healthy
	1,342 (58.9%)
	428 (57.5%)
	641 (56.3%)
	273 (68.8%)
	 
	Mild disease
	720 (31.6%)
	240 (32.2%)
	385 (33.9%)
	95 (23.9%)
	 
	Severe disease
	217 (9.5%)
	77 (10.3%)
	111 (9.8%)
	29 (7.3%)
	 
	Pre-injury psychiatric problems, %
	(n = 2199)
279 (12.7%)
	(n = 707)
107 (15.1%)
	(n = 1107)
135 (12.2%)
	(n = 385)
37 (9.6%)
	0.025

	Previous TBI, %
	(n = 2,232)
259 (11.6%)
	(n = 726)
107 (14.7%)
	(n = 1118)
123 (11.0%)
	(n = 388)
29 (7.5%)
	0.001

	Pre-injury migraine treatment, %
	(n = 1,231)
134 (10.9%)
	(n = 375)
45 (12.0%)
	(n = 612)
68 (11.1%)
	(n = 244)
21 (8.6%)
	0.403

	Cause of injury, %
	 	 	 	 	 < 0.001

	Incidental fall
	1,118 (50.9%)
	363 (50.1%)
	576 (52.3%)
	179 (48.0%)
	 
	Traffic accident
	768 (34.9%)
	241 (33.3%)
	373 (33.9%)
	154 (41.2%)
	 
	Others
	312 (14.2%)
	120 (16.6%)
	152 (13.8%)
	40 (10.8%)
	 
	GCS category, %
	 	 	 	 	 < 0.001

	GCS 13–15
	2,099 (93.3%)
	735 (99.6%)
	1,101 (98.0%)
	263 (67.6%)
	 
	GCS 9–12
	64 (2.8%)
	2 (0.3%)
	18 (1.6%)
	44 (11.3%)
	 
	GCS 3–8
	87 (3.9%)
	1 (0.1%)
	4 (0.4%)
	82 (21.1%)
	 
	Brain Injury AIS (≥ 3), %
	(n = 2283)
1,204 (52.7%)
	(n = 746)
62 (8.3%)
	(n = 1140)
797 (69.9%)
	(n = 397)
345 (86.9%)
	 < 0.001

	ISS, median (IQR)
	9 (2, 16)
	4 (2, 8)
	10 (9, 16)
	24 (16, 33)
	 < 0.001

	ISS face injury, yes, %
	562 (24.5%)
	161 (21.6%)
	284 (24.8%)
	117 (29.3)
	0.014

	CT head: presence of intracranial injury, %
	(n = 2182)
694 (31.8%)
	(n = 701)
67 (9.6%)
	(n = 1101)
375 (34.1%)
	(n = 380)
252 (66.3%)
	 < 0.001

	RPQ, feeling depressed (≥ 2), %
	(n = 2285)
425 (18.6%)
	(n = 745)
130 (17.4%)
	(n = 1142)
202 (17.7%)
	(n = 398)
93 (23.4%)
	0.027

	RPQ, sleep problems (≥ 2), %
	(n = 2258)
620 (27.5%)
	(n = 727)
127 (17.5%)
	(n = 1133)
344 (30.4%)
	(n = 398)
149 (37.4%)
	 < 0.001

	RPQ, fatigue (> 2), %
	(n = 2286)
1,071 (46.9%)
	(n = 745)
291 (39.1%)
	(n = 1142)
550 (48.2%)
	(n = 399)
230 (57.6%)
	 < 0.001

	Vision problems*, %
	(n = 2110)
487 (23.1%)
	(n = 465)
93 (20.0%)
	(n = 816)
169 (20.7%)
	(n = 829)
225 (27.1%)
	0.002

	Neck pain*, %
	(n = 2110)
684 (32.4%)
	(n = 466)
142 (30.5%)
	(n = 815)
273 (33.5%)
	(n = 829)
269 (32.4%)
	0.415

	Mobility problems*, %
	(n = 2113)
577 (27.3%)
	(n = 466)
72 (15.5%)
	(n = 816)
198 (24.4%)
	(n = 831)
307 (36.9%)
	 < 0.001


*Values not available at baseline and represent 3-month follow-up
Abbreviations: ER Emergency room stratum, ADM Admission stratum (hospital ward), ICU Intensive care unit stratum, ASA-PS American Society of Anesthesiologists Physical Status Classification System score, GCS Glasgow Coma Scale, AIS Abbreviated Injury Scale, ISS Injury Severity Score, CT Computed tomography, RPQ The Rivermead Post-Concussion Symptoms Questionnaire




Ethical approval
This study was approved by the CENTER-TBI management committee. The CENTER-TBI study (EC grant 602,150) was conducted following all relevant European Union laws and all relevant laws of the country in which the recruiting sites were located. The informed consent of the patients, their legal representative or next of kin was obtained according to the local legislation for all patients recruited in the core dataset of CENTER-TBI and documented in the electronic case report form. For the full list of sites and ethical committees, see the official CENTER-TBI website (https://​www.​center-tbi.​eu/​project/​ethical-approval).

Measurements
Independent variables
Sociodemographics: age, sex and education were collected at study admission. Injury severity characteristics were also recorded: patient stratum; injury mechanism; Glasgow Coma Scale (GCS) score within the first 24h after injury [29]; presence of intracranial injuries on first CT head scan; Brain Injury Score using the Abbreviated Injury Scale (Brain injury AIS; score ≥ 3 considered severe injury) [30], and Injury Severity Score (ISS), where a score of > 15 was considered major overall trauma [31], in addition to injuries to the face (ISS Face).
Pre- and post-injury comorbidities: Pre-injury somatic comorbidities were classified according to the American Society of Anesthesiologists Physical Status Classification System score (ASA-PS) [32]. Premorbid psychiatric problems comprised anxiety, depression, sleep disorders, schizophrenia, drug abuse or other psychiatric problems as reported by patients retrospectively at follow-up. Information on pre-injury migraine treatment or family history of migraine was also collected retrospectively using questionnaires at the study enrolment.
Three additional items from the RPQ were used to assess fatigue, sleep disturbance and feeling depressed at baseline, applied as determinants of post-injury comorbidities potentially relevant to headache. A cutoff score of ≥ 2 (mild, moderate or severe problem) was used. Neck pain, vision problems and problems with mobility were reported retrospectively 3 months after injury on a questionnaire specifically designed for data collection in the CENTER-TBI study. All outcome instruments used in the CENTER-TBI study can be found on the official website (https://​www.​center-tbi.​eu/​project/​validated-translations-outcome-instruments).


Outcome variable
Headache was measured at baseline and 3, 6 and 12 months of follow-up using a single item from the RPQ, measured on a 5-point scale (0 = not a problem, 1 = no more of a problem than before, 2 = mild problem, 3 = moderate problem, 4 = severe problem) [33]. Cutoff values of ≥ 2, corresponding to a mild, moderate or severe problem, in addition to ≥ 3, corresponding to moderate or severe symptoms, were applied. Responses rated as 1 were recoded as 0 according to the originally proposed scoring of the RPQ. The first assessment of headache was performed at study admission, a mean of 2.5 (standard deviation [SD] 12) days after the onset. Both adults (age ≥ 16 years) and children or their parents (age < 16 years) were asked to rate the severity of headache compared to their pre-injury status during the last 7 days. The RPQ is a reliable measure of symptoms commonly experienced after TBI [33, 34], and a study assessing the validity of the RPQ showed that the questionnaire was unbiased for an age range of 6–96 years [35], and parent ratings of fatigue in children with TBI have been applied in previous research [36]. If the participants reported headache at the follow-ups, it was considered persistent headache. The data were collected in face-to-face interviews or by postal or electronic questionnaires.

Statistical analyses
The CENTER-TBI dataset version 2.0 (from May 2019) was analysed in this study. For descriptive statistics, means with SDs, medians with interquartile ranges (IQRs), or percentages are presented. Differences in demographic and injury-related data between patient strata (ER, ADM and ICU) were tested using a one-way analysis of variance for normally distributed continuous variables or Kruskal–Wallis test for continuous variables with skewed distribution. A chi-square test for contingency tables was performed to detect group differences in categorical variables.
To investigate changes in headache frequency between the patient strata over the entire follow-up period and account for repeated measures by patient, mixed-effect logistic regression was performed using headache (dichotomised at the value ≥ 2) as the outcome variable. Since only patients in the ADM and ICU strata were followed up to 12 months after injury, two separate models were performed: one comparing all patient strata (ER, ADM and ICU) up to 6 months post injury (baseline and 3 and 6 months) and a second model only comparing ADM and ICU up to 12 months post injury (baseline and 3, 6 and 12 months). Time, patient stratum and time-by-patient stratum interaction were introduced as fixed effects in all models. Based on the mixed-effects logistic regression, we estimated risk differences with 95% confidence intervals (CIs) from baseline to 6 months using the delta method. For comparison of the effects of different cutoffs, the analysis was also performed using headache dichotomised at the values of ≥ 3 as the outcome variable.
Mixed-effect logistic regression analyses were performed to investigate whether changes in the proportion reporting headache (dichotomised at the value of ≥ 2 or ≥ 3) during the follow-up period could be predicted by age, sex, patient stratum, education, pre-injury ASA-PS and psychiatric comorbidities, GCS score, intracranial injury on CT, Brain Injury AIS, ISS (ISS Face was omitted due to high correlation with ISS), and the RPQ items “feeling depressed”, “fatigue” and “sleep disturbance” (dichotomised at the value of ≥ 2) measured at baseline. Additionally, visual problems, neck pain and mobility problems measured at 3 months after injury were assessed as predictors. As described, two different models were performed with different follow-up times. Time and all predictor variables were treated as fixed effects in the models. Interaction effects between time and fixed factors were verified by introducing product terms. All models included a random intercept.
Missing outcome data were handled by mixed-effects logistic regression models (i.e. no imputation was required). Missing predictor data were handled by multiple imputations, generating 10 imputed datasets, applying the multiple imputation by chained equations procedure in Stata [37]. The mixed-effect logistic regression models were repeated in the 10 imputed datasets, and results were pooled using Rubin’s rule.
All statistical analyses were performed using IBM SPSS Statistics for Windows version 29 (Armonk, NY, USA: IBM Corp.) and Stata 17 (Stata Corp LLC, College Station, TX, USA). A p-value of < 0.05 was considered statistically significant in all analyses.


Results
A total of 2,291 patients responded to the headache item at baseline. Table 1 shows the demographic and injury characteristics by patient strata; 746 patients were included in the ER stratum, 1,146 in ADM and 399 in ICU. The median age of the total sample was 50 (IQR 30, 66) years, and 63.5% of the participants were male. The median education was 13 (IQR 11, 16) years. Sociodemographic and injury severity characteristics differed significantly between patient strata. According to GCS score, 93.3% of the total sample had sustained mild, 2.8% moderate and 3.9% severe TBI. Regarding the proportion who reported receiving treatment for pre-injury migraine, no statistically significant differences existed between the ER (12.0%), ADM (11.1%) and ICU (8.6%) strata.
Table 2 shows the proportion of patients in each stratum who reported headache at each cutoff level at baseline. Applying a cutoff score of ≥ 2 (mild problem) revealed that a total of 59.3% reported headache at baseline. When using a more conservative cutoff score of ≥ 3 (indicating a moderate or severe problem), the frequency was 29.3%. The median RPQ headache score was similar across all patient strata (2, IQR 0–3, p = 0.121), with no significant between-strata differences in the frequency who reported headache when applying cutoffs of ≥ 2 and ≥ 3. However, additional analysis of patients who reported severe headache only (cutoff 4) showed significant differences between the strata (p = 0.030), with the highest frequency in patients admitted to the ICU (11.5% vs 7% in patients admitted to the ER). The proportion of patients in each stratum who reported headache at 3, 6 and 12 months of follow-up is presented in Additional File 1.
Table 2Headache frequency at baseline by patient stratum and RPQ headache severity score


	RPQ headache score at baseline
	Total
(n = 2,291)
	ER
(n = 746)
	ADM
(n = 1,146)
	ICU
(n = 399)
	p-value

	Median (IQR)
	2 (0, 3)
	2 (0, 3)
	2 (0, 3)
	2 (0, 3)
	0.121

	RPQ headache score ≥ 2
	1,359 (59.3%)
	434 (58.2%)
	697 (60.8%)
	228 (57.1%)
	0.324

	RPQ headache score ≥ 3
	671 (29.3%)
	206 (27.6%)
	360 (31.4%)
	105 (26.3%)
	0.074

	RPQ headache score 4
	204 (8.9%)
	52 (7.0%)
	106 (9.2%)
	46 (11.5%)
	0.030


The proportion who reported RPQ headache score < 2 is not presented in the table
Abbreviations: RPQ The Rivermead Post-Concussion Symptoms Questionnaire, ER Emergency room stratum, ADM Admission stratum (hospital ward), ICU Intensive care unit stratum, IQR interquartile range 



Figure 1 shows the frequency of reporting headache (cutoff ≥ 2) at baseline by sex and 10-year age interval. The frequency was highest in female patients across all age groups, with a total of 66.9% of females and 55.0% of males reporting headache. The highest frequency of moderate or severe headache (≥ 3) was found in women aged 20–29 years (17.6%) and men aged 20–29 years (21.2%). The lowest was in both female and male patients aged 0–9 years (0% and 1.1%, respectively) and 90–99 years (1.0% and 0%, respectively). Applying cutoff ≥ 3, revealed that 37.3% of female patients and 24.7% of male patients reported headache.[image: ]
Fig. 1Frequency of patients with headache (RPQ cutoff ≥ 2) at baseline by 10-year age interval and sex


Change in headache frequency across 6 and 12 months follow-up
The estimated proportion of patients reporting RPQ headache scores of ≥ 2 by patient strata up to 6 months (all strata), in addition to scores of ≥ 2 and ≥ 3 up to 12 months (ADM and ICU strata), are reported in Fig. 2. Statistically significant decreases occurred in the proportions of individuals reporting headache from baseline to 3, 6 and 12 months within all strata. The same tendency was observed when assessing change in headache frequency using GCS score to classify mild, moderate and severe TBI instead of patient strata, and results showed no statistically significant between-group change in estimated proportion of patients with RPQ cutoff ≥ 2 from baseline to 12 months follow-up (see Additional file 2). No statistically significant change occurred in the estimated proportion reporting headache (cutoffs of ≥ 2 or ≥ 3) in the ER, ADM and ICU strata across the first 6 months after injury. However, a statistically significant change occurred between the ADM and ICU strata from baseline to 12 months follow-up using a cutoff of ≥ 2 (mean change 0.08, 95% CI 0.02 to 0.15, p = 0.006). Applying a RPQ headache score of ≥ 3 additionally showed a statistically significant change between the ADM and ICU strata from baseline to 3 months (mean change 0.07, 95% CI 0.02 to 0.12, p = 0.005).[image: ]
Fig. 2
a Estimated proportions of patients with headache (cutoff ≥ 2) by ER, ADM and ICU strata up to 6 months, b Estimated proportions of patients with headache (cutoff ≥ 2) by ADM and ICU strata up to 12 months, c Estimated proportions of patients with headache (cutoff ≥ 3) by ADM and ICU strata up to 12 months



Predictors of change in headache severity
We used four models to assess whether change in the proportion who reported RPQ headache scores of ≥ 2 and ≥ 3 could be predicted by demographic variables, injury severity indicators and comorbid conditions up to 6 (model 1 and 2, all strata) and 12 (model 3 and 4, ICU and ADM strata) months after injury. All statistically significant and non-significant fixed effects from the full model and their coefficients, p-values and 95% CIs are presented in Tables 3 and 4.
Table 3Predictors of change in headache in the first 6 months after injury (all strata)


	 	Model 1 (RPQ cutoff ≥ 2)
	Model 2 (RPQ cutoff ≥ 3)

	 	Coef
	95% CI
	
p-value

	Coef
	95% CI
	
p-value


	
Intercept

	1.13***
	0.61 to 1.65
	 < 0.001
	-0.83**
	-1.35 to -0.31
	0.002

	
Time

	-0.38***
	-0.51 to -0.25
	 < 0.001
	-0.21**
	-0.35 to -0.07
	0.002

	
Patient stratum


	 ER
	Ref
	 	 	Ref
	 	 
	 ADM
	-0.16
	-0.49 to 0.16
	0.331
	-0.12
	-0.47 to 0.22
	0.478

	 ICU
	-0.18
	-0.69 to 0.31
	0.464
	-0.24
	-0.77 to 0.28
	0.358

	
Age, y

	-0.01***
	-0.02 to -0.01
	 < 0.001
	-0.01***
	-0.02 to -0.01
	 < 0.001

	
Sex (f = 0, m = 1)

	-0.55***
	-0.80 to -0.29
	 < 0.001
	-0.52***
	-0.77 to -0.26
	 < 0.001

	
Preinjury ASA-PS


	 Healthy
	Ref
	 	 	Ref
	 	 
	 Mild disease
	0.18
	-0.10 to 0.47
	0.219
	0.14
	-0.14 to 0.44
	0.325

	 Severe disease
	-0.45*
	-0.90 to 0.003
	0.052
	-0.12
	-0.60 to 0.36
	0.621

	 Pre-injury psychiatric

	-0.05
	-0.42 to 0.30
	0.750
	0.49**
	0.13 to 0.85
	0.007

	 Pre-injury migraine

	0.27
	-0.15 to 0.70
	0.202
	0.35
	-0.17 to 0.88
	0.180

	 GCS (3–15)

	-0.16
	-0.43 to 0.11
	0.249
	-0.04
	-0.34 to 0.25
	0.772

	 CT head intracranial injury

	0.07
	-0.22 to 0.37
	0.614
	0.17
	-0.11 to 0.46
	0.243

	 Brain Injury AIS (≥ 3)

	1.01***
	0.67 to 1.36
	 < 0.001
	0.95***
	0.59 to 1.30
	 < 0.001

	 ISS

	-0.04***
	-0.06 to -0.03
	 < 0.001
	-0.04***
	-0.06 to -0.02
	 < 0.001

	 Feeling depressed at baseline (≥ 3)

	0.63***
	0.30 to 0.96
	 < 0.001
	0.53*
	0.07 to 0.99
	0.023

	
 Sleep disturbance at baseline (≥ 3)

	0.31*
	0.01 to 0.61
	0.037
	0.84***
	0.48 to 1.20
	 < 0.001

	 Fatigue at baseline (≥ 3)

	0.73***
	0.47 to 0.99
	 < 0.001
	0.99***
	0.68 to 1.29
	 < 0.001

	 Neck pain

	0.89***
	0.62 to 1.17
	 < 0.001
	0.79***
	0.50 to 1.09
	 < 0.001

	
 Vision problems

	0.37*
	0.04 to 0.69
	0.026
	0.48**
	0.15 to 0.82
	0.005

	 Mobility problems

	-0.18
	-0.53 to 0.17
	0.308
	-0.14
	-0.48 to 0.19
	0.403

	 Time x Predictors


	
Time x ICU

	0.08
	-0.03 to 0.20
	0.181
	0.10
	-0.03 to 0.24
	0.150

	 Time x Age

	-0.001
	-0.002 to 0.0005
	0.178
	-0.01
	-0.003 to 0.0007
	0.230

	 Time x Sex

	-0.02
	-0.08 to 0.03
	0.486
	0.01
	-0.05 to 0.07
	0.837

	
Time x Pre-injury ASA-PS


	 Time x Mild disease
	0.03
	-0.03 to 0.10
	0.354
	0.01
	-0.06 to 0.09
	0.709

	 Time x Severe disease
	0.21***
	0.10 to 0.33
	 < 0.001
	0.06
	-0.06 to 0.19
	0.313

	 Time x Pre-injury psychiatric

	0.08*
	-0.0002 to 0.17
	0.051
	-0.02
	-0.11 to 0.07
	0.662

	 Time x Pre-injury migraine

	0.02
	-0.07 to 0.11
	0.663
	0.01
	-0.11 to 0.12
	0.946

	 Time x GCS

	0.0003
	-0.06 to 0.06
	0.991
	-0.03
	-0.10 to 0.02
	0.265

	 Time x CT head intracranial injury

	0.03
	-0.04 to 0.10
	0.407
	0.01
	-0.06 to 0.09
	0.737

	 Time x Brain Injury AIS

	-0.10*
	-0.19 to -0.01
	0.019
	-0.10*
	-0.20 to -0.01
	0.043

	 Time x ISS

	0.005**
	0.001 to 0.009
	0.003
	0.01*
	0.0007 to 0.008
	0.019

	 Time x Feeling depressed

	-0.04
	-0.12 to 0.03
	0.305
	0.02
	-0.09 to 0.15
	0.659

	 Time x Sleep disturbance

	0.02
	-0.05 to 0.10
	0.529
	-0.9
	-0.19 to 0.008
	0.071

	 Time x Fatigue

	-0.12**
	-0.20 to -0.04
	0.002
	-0.16***
	-0.25 to -0.08
	 < 0.001

	 Time x Neck pain

	0.12**
	0.05 to 0.19
	0.001
	0.15***
	0.08 to 0.23
	 < 0.001

	 Time x Vision

	0.09*
	0.01 to 0.16
	0.016
	0.05
	-0.03 to 0.13
	0.216

	 Time x Mobility

	0.07
	-0.004 to 0.15
	0.065
	0.11**
	0.02 to 0.19
	0.009


6-month follow-up all strata. Model 1: Headache cutoff ≥ 2, Model 2: Headache ≥ 3

Abbreviations: ER Emergency room stratum, ADM Admission stratum (hospital ward), ICU Intensive care unit stratum, ASA-PS American Society of Anesthesiologists Physical Status Classification System score, GCS Glasgow Coma Scale, CT Computed tomography, AIS Abbreviated Injury Scale, ISS Injury Severity Score


* = p < 0.05; ** = p < 0.01; *** = p < 0.001



Table 4Predictors of change in headache in the first 12 months post injury (ADM and ICU)


	 	Model 3 (RPQ cutoff ≥ 2)
	Model 4 (RPQ cutoff ≥ 3)

	 	Coef
	95% CI
	
p-value

	Coef
	95% CI
	
p-value


	
Intercept

	0.50
	-0.08 to 1.08
	0.092
	-1.40***
	-1.99 to -0.80
	 < 0.001

	
Time

	-0.14***
	-0.23 to -0.06
	 < 0.001
	-0.08
	-0.17 to 0.007
	0.070

	
Patient stratum


	 ADM
	Ref
	 	 	Ref
	 	 
	 ICU
	-0.10
	-0.47 to 0.25
	0.560
	-0.11
	-0.50 to 0.27
	0.574

	
Age, y

	-0.01***
	-0.02 to -0.009
	 < 0.001
	-0.01**
	-0.01 to -0.004
	0.002

	
Sex (f = 0, m = 1)

	-0.49**
	-0.77 to -0.21
	0.001
	-0.39**
	-0.67 to -0.10
	0.008

	
Preinjury ASA-PS


	 Healthy
	Ref
	 	 	Ref
	 	 
	 Mild disease
	0.19
	-0.12 to 0.51
	0.236
	0.03
	-0.30 to 0.37
	0.838

	 Severe disease
	-0.12
	-0.63 to 0.39
	0.640
	-0.22
	-0.78 to 0.33
	0.433

	 Pre-injury psychiatric

	-0.21
	-0.62 to 0.19
	0.299
	0.42*
	0.01 to 0.83
	0.043

	 Pre-injury migraine

	0.31
	-0.22 to 0.85
	0.193
	0.33
	-0.24 to 0.91
	0.257

	 GCS (3–15)

	-0.13
	-0.36 to 0.10
	0.282
	-0.10
	-0.36 to 0.15
	0.416

	 CT head intracranial injury

	0.02
	-0.26 to 0.31
	0.868
	0.13
	-0.16 to 0.43
	0.386

	 Brain Injury AIS (≥ 3)

	0.93***
	0.58 to 1.28
	 < 0.001
	0.90***
	0.53 to 1.28
	 < 0.001

	 ISS

	-0.04***
	-0.06 to -0.03
	 < 0.001
	-0.04***
	-0.05 to -0.02
	 < 0.001

	 Feeling depressed at baseline
	0.57**
	0.19 to 0.96
	0.003
	0.78**
	0.22 to 1.35
	0.006

	 Sleep disturbance at baseline
	0.28
	-0.09 to 0.66
	0.133
	0.83***
	0.43 to 1.24
	 < 0.001

	 Fatigue at baseline
	0.59***
	0.31 to 0.87
	 < 0.001
	0.76***
	0.40 to 1.12
	 < 0.001

	 Neck pain

	1.03***
	0.74 to 1.32
	 < 0.001
	0.85***
	0.53 to 1.18
	 < 0.001

	 Vision problems

	0.45**
	0.12 to 0.77
	0.006
	0.44*
	0.10 to 0.78
	0.011

	 Mobility problems

	-0.15
	-0.49 to 0.18
	0.363
	0.03
	-0.30 to 0.37
	0.850

	
Time x Predictors


	 Time x ICU

	0.06*
	0.01 to 0.11
	0.013
	0.05
	-0.001 to 0.11
	0.055

	 Time x Age

	-0.001**
	-0.002 to -0.0006
	0.002
	-0.002**
	-0.003 to -0.0008
	0.001

	 Time x Sex

	-0.02
	-0.06 to 0.01
	0.240
	-0.03
	-0.08 to 0.006
	0.092

	
Time x Pre-injury ASA-PS


	 Time x Mild disease
	0.01
	-0.03 to 0.05
	0.628
	0.01
	-0.03 to 0.07
	0.507

	 Time x Severe disease
	0.06
	0.007 to 0.13
	0.081
	0.01
	-0.07 to 0.10
	0.747

	 Time x Preinjury psychiatric

	0.04
	-0.01 to 0.09
	0.157
	0.001
	-0.06 to 0.06
	0.963

	 Time x Migraine

	-0.02
	-0.09 to 0.04
	0.488
	-0.03
	-0.11 to 0.04
	0.433

	 Time x GCS

	-0.01
	0.04 to 0.01
	0.278
	-0.01
	-0.05 to 0.01
	0.344

	 Time x CT head intracranial injury

	0.02
	-0.02 to 0.06
	0.310
	0.02
	-0.02 to 0.07
	0.257

	 Time x Brain Injury AIS

	-0.04
	0.09 to 0.007
	0.090
	-0.04
	-0.11 to 0.01
	0.137

	 Time x ISS

	0.003**
	0.001 to 0.005
	0.001
	0.003**
	0.001 to 0.005
	0.001

	 Time x Feeling depressed

	-0.03
	-0.08 to 0.02
	0.233
	-0.05
	-0.15 to 0.03
	0.248

	 Time x Sleep disturbance

	0.03
	-0.01 to 0.07
	0.183
	-0.04
	-0.11 to 0.02
	0.192

	 Time x Fatigue

	-0.03
	-0.08 to 0.01
	0.121
	-0.07**
	-0.13 to -0.02
	0.004

	 Time x Neck pain

	0.04*
	0.005 to 0.09
	0.025
	0.00***
	0.04 to 0.13
	 < 0.001

	 Time x Vision

	0.01
	-0.03 to 0.05
	0.615
	0.01
	-0.04 to 0.06
	0.703

	 Time x Mobility

	0.06**
	0.02 to 0.11
	0.002
	0.04
	-0.004 to 0.09
	0.076


12-month follow-up ADM and ICU strata Model 3: Headache cutoff ≥ 2, Model 4: Headache ≥ 3
Abbreviations: ADM Admission stratum (hospital ward), ICU Intensive care unit stratum, ASA-PS American Society of Anaesthesiologists Physical Status Classification System score, GCS Glasgow Coma Scale, CT Computed tomography, AIS Abbreviated Injury Scale, ISS Injury Severity Score
*= p < 0.05; ** = p < 0.01; *** = p < 0.001



In model 1 (cutoff ≥ 2), time, age, sex, pre-injury ASA, Brain Injury AIS, ISS, depressive symptoms, sleep disturbance, fatigue, neck pain and vision problems yielded significant effects on the probability of headache frequency over the first 6 months after injury. Younger patients, female patients, and those with severe pre-morbid somatic disease, more severe head injury (Brain Injury AIS) and less severe overall injury (ISS), post-injury comorbidity (depressive symptoms and sleep disturbance), fatigue, presence of neck pain and vision problems, and shorter time since injury were more likely to have headache. Except for pre-injury ASA, the same predictors remained statistically significant in model 2 (cutoff ≥ 3). Additionally, patients with pre-injury psychiatric conditions had a statistically significantly higher probability of headache when applying a cutoff of ≤ 3.
In model 3 (cutoff ≥ 2), time, age, sex, Brain Injury AIS, ISS, depressive symptoms, fatigue, neck pain and vision problems were significant predictors of headache probability across the first 12 months after injury. A shorter time since injury, younger age, female sex, more severe head injury, less severe overall injury (ISS), more depressive symptoms and fatigue, presence of neck pain and vision problems predicted a higher probability of headache. When applying a cutoff of ≥ 3 (model 4), age, sex, Brain Injury AIS, ISS, depressive symptoms, fatigue, neck pain and vision problems remained statistically significant predictors. Additionally, a statistically significantly higher probability of headache existed in patients with sleep problems and premorbid psychiatric conditions.

Significant interaction effects between time and predictors
In model 1 (all strata, cutoff ≥ 2), statistically significant interaction effects existed between time and pre-injury ASA, pre-injury psychiatric disease, Brain Injury AIS, ISS, fatigue (Fig. 3a), neck pain (Fig. 3b) and vision problems (Fig. 3c). The significant interaction effect between time and pre-morbid somatic disease suggested that patients with severe pre-morbid somatic disease tended to initially report lower headache, with a decrease from baseline to 3 months, and thereafter increased from 3 to 6 months of follow-up. Patients with no or mild pre-injury somatic disease initially reported more headache and thereafter a steady decrease from baseline to 3 and 6 months. Patients with less severe overall injury (ISS) initially tended to report more headache but showed a steeper decline in headache from 3 to 6 months. Additionally, patients with pre-injury psychiatric problems, more severe head injury, fatigue, neck pain and vision problems had a higher probability of headache over the first 6 months after injury. In model 3 (all strata, cutoff ≥ 3), the same variables remained statistically significant, except for vision problems and pre-injury ASA, which were no longer significant. Additionally, patients without mobility problems initially reported more headache but thereafter a steeper decline and lower headache than patients with mobility problems at 3 and 6 months.[image: ]
Fig. 3
a Main effect and time interaction of fatigue on headache changes, b main effect and time interaction of neck pain on headache changes, c main effect and time interaction of vision problems on headache changes


In model 3 (ADM and ICU strata, cutoff > 2), we found statistically significant interaction effects between time and ICU stratum, age, ISS, neck pain and mobility. Younger age (Fig. 4a), more severe fatigue and neck problems (Fig. 4c) were associated with a higher probability of headache across the first 12 months after injury. Patients with mobility problems tended to report the same degree of headache as those without mobility problems at baseline, but the trajectory diverged somewhat thereafter, showing that patients with mobility problems reported more headache over time. Moreover, patients with less severe overall injury (ISS) tended to initially report more headache but a steeper decline in headache than patients with more severe overall injury from 6 to 12 months, as well as lower headache than patients with more severe injury at 12 months of follow-up (Fig. 4b). In model 4 (ADM and ICU strata, cutoff 3), the same variables remained statistically significant, except for ICU stratum and mobility problems, which were no longer significant. Moreover, patients with more severe fatigue consistently reported more headache and slower improvement than patients without fatigue. All statistically significant main effects and time interactions of the variables not presented in the main text are presented in Additional files 3, 4, 5 and 6.[image: ]
Fig. 4
a Main effect and time interaction of age on headache changes, b main effect and time interaction of ISS on headache changes, c main effect and time interaction of neck pain on headache changes




Discussion
Using data from the large-scale, observational CENTER-TBI study, we assessed the frequency of acute and persistent headache following TBI, changes in headache frequency across clinical care pathways, severity of injury and predictors of headache in the first year after TBI.
Headache frequency and severity across the first 12 months after injury
As hypothesised, we found a high frequency of headache throughout the whole sample included in this study: 59.3% of patients reported acute headache (RPQ cutoff ≥ 2) at study enrolment, with similar frequencies across all strata. The proportion of patients in the ER stratum who reported headache (58.2%) aligns with previous studies on mild TBI, including TRACK-TBI [27], which reported a prevalence of 60.4% at 2 weeks after the injury, as well as the Dutch UPFRONT study (51.0%) [38].
As expected, the proportion of headache in the ER stratum decreased substantially from baseline to 3 months and remained stable from 3 to 6 months. Similar trajectory trends were observed in the ICU and ADM strata across 12 months. However, more than 25% of patients experienced headache at 12 months after injury. These findings suggest that interventions to improve the experience of headache are needed if symptoms have not resolved by 3 months [27]. Current treatment approaches to headache after TBI are guided by phenotypic expression and the use of headache diaries to assess treatment effectiveness. Factors that contribute to the chronicity of PTH include the characteristics of head trauma, previous history of headache from head trauma, presence of posttraumatic stress disorder, other mental health conditions and other comorbidities. Therefore, the management of PTH should be multidisciplinary. However, a lack of understanding regarding the relevance of these factors and to what extent they influence the treatment response has impeded the development of specific treatment approaches [39].
Female and younger (≤ 40 years) patients reported a higher frequency of headache at baseline compared to males and older adults. The frequency of severe headache (RPQ cutoff 4) was highest in patients admitted to the ICU. Our results suggest that more severe TBI may increase the risk of headache, probably due to neuro-morphological brain changes. Hoffman et al. also reported that TBI severity (based on the duration of post-traumatic amnesia) was a risk factor for the development of persistent headache [5]. However, this contrasts with previous research that reported an increased risk of headache in those with mild TBI [9, 40]. Several reasons could explain this. Patients with more severe injuries can be reasonably assumed to have a higher risk of experiencing headache, both from peripheral sources such as the dura mater and bone, which are innervated by pain receptors called nociceptors [4], and from central sources, such as lesions in the central somatosensory nervous system [41]. Additionally, PTH is widely prevalent after mild TBI, which may be attributed to differences in its diagnosis among studies, the length of time between the injury and evaluation, and the specific population being tested (e.g. civilians or veterans) [4]. The patients in this study were mainly recruited from trauma referral centres and, therefore, were on the more severe end of the mild TBI spectrum.
Findings regarding the association between headache and demographic factors are inconsistent in the literature [27]. In this study, younger age and female sex were associated with more severe headache, aligning with results from other large-scale studies [27]. The association between younger age and higher levels of headache may reflect the TBI severity in this population (9.4% of patients aged ≤ 40 years had moderate or severe TBI, in contrast to 5.2% of patients aged > 40 years). Previous studies have also found female sex to be associated with headache after TBI [5, 14, 16, 17].

Predictors of change in headache frequency and severity in the first 12 months after injury
The present results also support a relationship between headache and more severe TBI. This was indicated by the significant Brain Injury AIS score, which was associated with the headache severity level. This aligns with a study that found a dose–response relationship between TBI severity and headache outcomes [42]. However, we also found a significant association between less severe overall injury (ISS) and more severe headache. Looking further into this association revealed that although patients with less severe overall injuries initially reported more headache, they subsequently had a steeper decline in symptoms, and at 12 months, they reported less headache than patients with more severe overall injuries. A possible explanation for this may be that patients with more severe overall injuries are provided with more analgetics in the acute stage, which may prevent pain and headache sensitisation. Some evidence suggests that skull and face fractures are associated with a subsequent risk of headache and migraines [43, 44]. In our study, a high correlation existed between the total ISS and ISS Face scores; thus, we included only the total ISS in our models to adjust for the overall injury severity.
Neuroimaging studies have reported that patients with PTH displayed reduced cortical thickness in various bilateral frontal and right parietal regions, with headache burden being negatively correlated to bilateral superior frontal cortex thickness [45]. Schwedt et al. [46] found that the left superior frontal lobe, right lateral orbitofrontal lobe and right supramarginal gyrus differed between persistent PTH and healthy controls, and not between migraine patients and healthy controls, suggesting a certain degree of brain structures involvement or pathophysiological specificity unique to persistent PTH, regardless of the clinical phenotype. Microvascular channels that course between the skull bone and marrow and dura mater could also be important [47]. The human skull bone marrow contains microvascular channels that allow inflammatory cells to migrate into the meninges and potentially other intracranial structures associated with headache in animal studies [47]. Most nerve fibers in the bone marrow are nociceptive. The initial mechanisms to activate meningeal nociceptors involve the release of signalling molecules like calcitonin gene-related peptide (CGRP) and pituitary adenylate cyclase-activating polypeptide-38 (PACAP-38) [48]. Both CGRP and PACAP induce migraine-like headaches in migraine patients [49]. Patients with persistent PTH may experience worsened headaches with migraine-like characteristics [50, 51]. Binding of CGRP and PACAP-38 to their G protein-coupled receptors opens ATP-sensitive potassium (KATP) channels on the vascular smooth muscle cells in the walls of the meningeal arteries [48, 52, 53]. Additionally, the KATP channel opener levcromakalim induces migraine-like headaches in people with persistent PTH but no history of migraine [54]. Therefore, blocking KATP channel could be a potential drug target for PTH [54].
The presence of post-injury comorbidities (feeling depressed, fatigue, sleep disturbance, vision problems, neck pain and mobility problems) was associated with headache severity levels in the entire population in the first 6 months after the injury, and neck pain also predicted headache at 12 months in the ADM and ICU strata. Previous TBI studies with mixed-severity samples have demonstrated the association between these comorbidities and headache [27]. For example, depression and other aspects of emotional distress are common after TBI and contribute to the duration and intensity of headache [20]. Headache may also be triggered by problems in the visual system, such as vergence impairment, accommodation, fixation disparity, saccades, pursuits and secondary to oculomotor dysfunction [22]. The findings of our study are of clinical importance to rehabilitation professionals given the impact these comorbidities may have on daily activity levels, participation and health-related quality of life. Treating headache in itself and the symptoms that co-occur and interact with headache following TBI are currently the best recommendations for treatment, including a multidisciplinary approach to the clinical management of persistent headache [27].
Overall, the same factors predicted headache regardless of the applied cutoff (≥ 2 or ≥ 3), indicating the reliability of the predictors used in the study. The time since injury predicted changes on its own and interacted with a range of predictors, whereas TBI severity and neck pain appeared to be the most robust predictors in all models. Patients with TBI have significantly higher odds of sustaining a comorbid neck injury [55]. Comorbid neck pain is associated with greater headache severity and physical limitation [26] and contributes to post-concussion symptoms [56]. Major structural or other pathologies in the neck should be ruled out, and evidence-based guidelines for non-pharmacological treatment such as general exercise should be recommended [57]. Taken together, the study findings may help health professionals to identify patients at risk of persistent headache and plan individualised therapy.
Limitations
The study findings are not necessarily generalisable to individuals who have sustained a minimal or mild TBI without indication for a CT head scan since participants were mainly recruited from trauma referral centres. One of the major limitations of this study is the use of a single-item operationalisation of headache following TBI rather than the ICHD-3 [2]. However, the ICHD-3 does not include specific clinical features suggestive of PTH, which is a limitation of the classification system. Nevertheless, headache measured in this study represents a secondary headache attributed to injury that developed within the first two weeks after injury. In addition, this was the only opportunity to measure headache and its changes when using the CENTER-TBI data. The experience of symptoms can vary, raising the possibility that the reported ratings of headache symptoms do not reflect the overall experience (both over- and underreporting are possible). This may also be impacted by the wording of the RPQ headache item, which asks whether headache has been a problem during the previous 7 days compared to before the injury. Translating a subjective experience such as headache into an objective context is challenging. Using headache assessment instruments (including headache diaries) with established validity in specific patient groups is recommended [58]. Unfortunately, such instruments were not available in this study. Further, the usage of specific headache tools may not be as achievable in a hectic clinical setting as the broad current use of the RPQ; our results may thus be more easily transferrable to common clinical practice. However, based on the prevalence of headache after TBI found in this and several other studies, changing clinical practice towards investing more focus and time in assessing and treating headache would be beneficial for the individual patient and from a socioeconomic viewpoint.
The first assessment of headache was performed at mean 2.5 days after injury. Consequently, the proportion of patients with more severe injuries who responded to the headache question was lower at baseline than at 3, 6 and 12 months follow-up. However, to handle missing endpoint measures, logistic mixed-effect regression was applied which retain all available measures at each time point in the analysis, and gives unbiased results under the assumption of missing at random. Additionally, as we did not have a comparison group, for instance individuals who had sustained traumatic orthopedic injuries without head impact, we were unable to compare headache frequencies and establish whether the predictors were TBI-specific.
PTH has increasingly been conceptualised as a heterogeneous headache disorder, with patients often classified into sub-phenotypes that might be more responsive to specific therapies [27]. Substantial evidence suggests that a history of pre-injury migraine is one of the most consistent predictors of acute and persistent PTH across studies [39]. However, an important limitation of our study was that the history of pre-injury migraine was assessed by a single question of whether the patient reported receiving treatment for migraine before the injury, which may have led to underestimation of the presence of pre-injury migraine and a subsequent lack of association with post-injury headache. Approximately 11% of the total sample reported receiving treatment for migraine before the injury, compared to an estimated global migraine prevalence of 14% to 15% [59]. Moreover, we did not record the history of other forms of headache, such as tension-type headache.



Conclusion
Headache is a common symptom after TBI, especially for female and younger patients. It tends to decrease within the first 3 months after injury before stabilising. A substantial proportion of patients still experience headache at 12 months after injury. Variables such as specific headache phenotypes, neurocognitive function, structural brain abnormalities and potential blood biomarkers, which were not included in this study, should be assessed in future research. Translational research is needed to advance the clinical decision-making process and targeted medical treatment of headache.
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