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Background: The discovery of biomarkers in chronic subdural haematomas (CSDH) suggests that inflammation is part of CSDH 
pathophysiology. It is unknown whether inflammation reflects an independent CSDH driver or haematoma degeneration. This 
knowledge holds a potential target for anti-inflammatory treatment in patients at risk of CSDH. This study investigated the association 
of pro- and anti-inflammatory factors with CSDH development.
Methods: This cohort study included all individuals in Denmark over 50 years between 2007–2018. The outcome was first-time CSDH 
surgery. Hazard ratios (HR) according to potential risk factors were estimated using Cox regression, with age as underlying time scale.
Results: Among the 2,391,853 individuals, head trauma was registered in 427,612 individuals (17%), and among these, only 812 were 
operated for CSDH (0.18%). Among individuals without registered head trauma, the pro-inflammatory conditions of alcohol addiction, 
diabetes, anti-hypertensive treatment, and chronic hepatic disease were significantly associated with CSDH among individuals (50–74 
years). The use of glucocorticoids displayed a decreased risk in cohort members aged 75 and older. Non-steroid anti-inflammatory 
drugs and statins appeared to be risk factors for CSDH in individuals between the ages of 50–64 and 65–74.
Conclusion: Although head trauma was a risk factor for CSDH, the absolute risk was low (0.18%), which does not support 
preventive measures after emergency room contacts for head trauma. Interestingly, pro-and anti-inflammatory factors were signifi-
cantly associated with CSDH in patients without registered head trauma, and the pronounced age-dependency of the associations 
suggests that the pathophysiological mechanisms vary with age.
Keywords: head trauma, inflammation, trauma, anti-inflammatory treatment, risk factors

Background
The incidence of chronic subdural haematoma (CSDH) patients has increased significantly due to a continuing rise in life 
expectancy and an increasing use of anticoagulative medicine.1 The understanding of CSDH aetiology is undergoing 
a paradigm shift. Historically, CSDH was considered solely traumatic, formed by torn bridging veins causing subdural 
blood accumulation and degradation, and subsequently an osmotically driven enlargement.2 However, the often-seen 
long timespan from head trauma to CSDH development, as well as the lack of recollections of previous head trauma 
among many of the patients, call into question head trauma as the sole aetiological factor.3 A CSDH becomes 
symptomatic weeks to months after a head trauma, but venous bleeding would most likely accumulate quickly, causing 
symptoms within days.4 Easy access to computed tomography enabled early scans of head trauma patients, and several 
examples of haematoma absence in patients who later developed CSDH exist.5

Studies on the molecular composition of subdural fluid have demonstrated inflammatory biomarkers in both primary 
and recurrent haematomas, which suggest subdural inflammation somewhere along the CSDH formation.6,7 However, it 
remains to be established whether this inflammation reflects a physiological response to a degrading blood clot 
originating from trauma, or if inflammation is a generic driver of CSDH. These findings are not only interesting in the 
context of CSDH aetiology but also in the debated role of glucocorticoids in CSDH treatment. Hutchinson et al 
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investigated the effect of glucocorticoids on the modified Rankin scale score after six months as the primary outcome, as 
well as the effect on CSDH recurrence as a secondary outcome, in the setting of a multicentre randomised clinical trial 
(RCT).8 Although some reduction in recurrences was found (5.4%, unadjusted), glucocorticoids negatively affected the 
functional outcome due to adverse effects, and they were therefore deemed unsuitable for treatment.9

The access to extensive register-based information on hospital diagnoses and prescribed medicine enabled us to 
investigate the associations between pro-inflammatory conditions, anti-inflammatory medications and CSDH develop-
ment in a large, unselected, nationwide cohort of individuals with and without head trauma exposure.

Materials and Methods
Data Sources
Patient information was extracted from the Danish Civil Registration System, the National Patient Discharge Register 
and the Danish National Prescription Register. Each individual living in Denmark is assigned a personal identification 
number by the Danish Civil Registration System.10 This number allows cross-linkage between all Danish registers and is 
continuously updated with information on vital status and emigration.

The National Patient Discharge Register contains information on all hospital admittances with diagnoses and 
operations recorded according to the International Classification of Diseases (ICD) system.11 The Danish National 
Prescription Register records individual-level information on all prescribed medicines dispensed at community pharma-
cies in Denmark. The register contains drug information that includes product name, anatomical therapeutic chemical 
classification (ATC) code, date of dispensing, number of doses, package size, strength and several other factors.12 

Denmark has a readily accessible, free healthcare system, and reporting to the national registers is mandatory and 
automated in Denmark, no private treatment options are available for CSDH patients.

Study Cohort
The cohort covered all individuals in Denmark aged 50 years and older between 2007 and 2017. The outcome was first- 
time surgery for CSDH during the period 2007–2018 to ensure one-year follow-up. Cohort members who underwent 
first-time surgery for CSDH were restricted by the distinctive procedure code for CSDH: KAAD10. Individuals were 
followed in the study until death, emigration, surgery for CSDH, or the end of data, whichever came first.

Exclusion criteria: Patients with intracranial tumours, arteriovenous malformations or spontaneous intracranial 
haemorrhage within 1 year of CSDH operation. The latter is due to possible misclassification since the occurrence of 
simultaneous spontaneous intracerebral haemorrhage and CSDH seems unlikely.

Because head trauma is an established aetiological factor for CSDH development, the cohort members were given 
a time-varying head trauma status dependent on being exposed a year after the registration of a head trauma. When 
considering the association between inflammatory factors and CSDH, we focused on the results of cohort members 
without registered head trauma. Similar results were also given for cohort members with registered head trauma 
(Supplementary Figures 1–3 and Supplementary Table 3). Head trauma diagnoses registered within 7 days of each 
other were considered the same diagnosis, and, in these circumstances, the date of the first head trauma was registered as 
the start of exposure. If a new head trauma occurred within the year after registration of the first head trauma, the 
individual’s exposure was extended by a year from the date of the new head trauma.

Potential Risk Factors Analysed in CSDH Development
The associations between factors with pro-and anti-inflammatory effects and CSDH were investigated in the primary analyses. 
Information on surgical treatment for CSDH and diagnoses of pro-inflammatory conditions were retrieved from the National 
Patient Discharge Register.11 The pro-inflammatory conditions diabetes, hypertension and alcohol addiction were identified 
by the ATC codes for prescribed anti-diabetic and antihypertensive medicine as well as oral disulfiram from the National 
Prescription Register.12 See Supplementary Table 1 for ICD-10 and ATC codes and Supplementary Table 2 for medical ATC 
codes, including information on package size and washout period.
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Pro-Inflammatory Factors
Factors with a potentially pro-inflammatory effect included hypertension, diabetes mellitus, alcohol addiction, liver 
cirrhosis, renal insufficiency, and autoimmune disorders, including autoimmune hepatitis, thyroiditis, haemolytic anae-
mia, pancreatitis, adrenalitis and polyglandular insufficiency. Chronic hypertension entails inflammatory changes in the 
arterial vessels, ultimately leading to endothelial damage and vascular stiffness.13 Type 1 and type 2 diabetes mellitus,14 

liver cirrhosis15 and renal insufficiency16 display increased tissue levels of inflammatory markers. Autoimmune disorders 
have dysregulated inflammation as a fundamental pathological mechanism.17 Alcohol addiction is a well-known risk 
factor for trauma in states of intoxication but has a continuous deregulatory immunological effect and was therefore 
considered a pro-inflammatory risk factor in this study.18

Anti-Inflammatory Factors
Similar to non-steroid anti-inflammatory drugs (NSAIDs)19 and glucocorticoids,20 lipid-modifying drugs (statins) have 
anti-inflammatory properties.21 According to a previous study, statins protect against recurrent CSDH following primary 
surgery.22 Altogether, these medications were investigated as potential protective factors against CSDH development.

Conditions Predisposing for Head Trauma, Intracranial Bleedings, and Anticoagulative Medicine
It is well known that even minor head traumas may initialize CSDH development but do not necessarily lead to a hospital 
contact and a registered head trauma diagnosis. Therefore, several other conditions considered predisposing for head 
trauma were investigated as potential risk factors. These included cerebral infarction, anticoagulative treatment, dispos-
ing neurological disorders (eg, Parkinson’s disease, degenerative central and peripheral neurological diseases, epilepsy, 
neuropathy), and other conditions predisposing for head trauma (for instance muscle spasms, walking impairments, 
sensory disturbances). Anticoagulative treatment is a well-known risk factor for CSDH because it causes a lower 
threshold for bleeding, particularly in relation to a head trauma.23 NSAIDs have an antithrombotic side effect, apart 
from being an anti-inflammatory agent, and may therefore enhance bleeding risk in relation to head trauma. Additionally, 
we included acute subdural haematoma (ASDH) and traumatic intracranial haemorrhage as potential risk factors for 
CSDH development, as ASDH in particular has demonstrated the capability to aggravate into chronic bleeding.24

Statistical Analysis
Prescribed medicines were considered to be either chronic or transient exposure. For patients with transient exposure, the 
washout period varied according to the type of disease and treatment. The Supplementary Methods section presents 
a detailed description of chronic and time-dependent medicine.

The head trauma variable was defined as time-varying with a 1-year exposure period that was extended when the 
individual received another head trauma diagnosis. The one-year cumulative incidence of CSDH among individuals with 
registered head trauma was estimated using the Aalen-Johansen estimator.

The risks of CSDH in exposed individuals (versus non-exposed), according to potential risk and protective factors, 
were estimated as hazard ratios (HRs) with 95% confidence intervals (95% CI). This was done using a Cox proportional 
hazard model with age as the underlying time scale, according to exposure to head trauma, and stratified by sex and 
calendar year (2007–2009, 2010–2013, 2014–2018).

Ethics
The study was approved by the Danish Data Protection Agency. According with §38, paragraph 8 of the Danish 
Protection Act, approval from the scientific ethics committee was not required, as the study was purely register-based.

Results
Study Population
Baseline characteristics for the full cohort are presented in Table 1. The full cohort consisted of 2,391,853 Danish 
individuals over the age of 50 between 2007 and 2018. Of these, 4086 individuals were operated on for a first-time 
CSDH. Within individuals of the full cohort, at least one head trauma was registered in 427,612 individuals (17%), and 
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among these, only 812 were operated on for CSDH (0.18%). Due to these low numbers, the associations between pro- 
inflammatory conditions, anti-inflammatory medications and CSDH in patients with registered head trauma had limited 
statistical power but are presented in Supplementary Figures 1 and 2. As the baseline risk of CSDH is highly age- 
dependent, with increasing risk with older age, the risk was estimated in predefined age intervals. Full datasets for all risk 
factors divided into age groups are presented in Supplementary Table 3. The risk of developing CSDH in individuals 
without registered head trauma, according to the potential pro- and anti-inflammatory risk factors, is presented below.

Pro-Inflammatory Conditions
Among individuals without registered head trauma, the risk of developing a CSDH, according to the potential pro- 
inflammatory risk factors, according to age, is presented in Figure 1. A higher risk of CSDH was found in individuals 
with alcohol addiction compared to individuals without alcohol addiction for the age groups 50–64 years (HR 3.33, 95% 
CI 2.10–5.28), 65–74 years (HR 2.35, 95% CI 1.79–3.10) and 75–84 years (HR 1.59, 95% CI 1.24–2.03). We found 

Table 1 Baseline Characteristics for the Full Cohort and for Patients Within the Full Cohort 
with at Least One Head Trauma

Characteristics Full Cohort  
N (%)

Patients with Head Trauma  
N (%)

Total 2391853 427,612

SDH evacuations 4086 (0.17) 812 (0.18)

Age at start of study (years)
50–65 1,618,025 (67.6%) 235,076 (55.0%)

65–74 414,916 (17.3%) 86,893 (20.3%)
74–84 258,666 (10.8%) 74,633 (17.5%)

85+ 100,246 (4.2%) 31,010 (7.3%)

Sex

Female 1252264 (52.4%) 243,613 (57.0%)

Male 1139589 (47.6%) 183,999 (43.0%)

Comorbidities and co-medications

Alcohol addiction 113110 (4.7%) 38,311 (9.0%)

Chronic hepatic disease 45526 (1.9%) 12,862 (3.0%)

Renal insufficiency 92521 (3.9%) 23,116 (5.4%)

Anticoagulant treatment 845407 (35.3%) 197,122 (46.1%)

Diabetes mellitus 279584 (11.7%) 56,120 (13.1%)

Previous cerebral infarction 104973 (4.4%) 27,836 (6.5%)

Antihypertensive treatment 1463967 (61.2%) 303,087 (70.9%)

Conditions predisposing for head trauma 11170 (0.5%) 6539 (1.5%)

Disposing neurological disorders 192231 (8.0%) 65,553 (15.3%)

Statins 452734 (18.9%) 110,141 (25.8%)

Autoimmune disorders 879263 (36.8%) 177,485 (41.5%)

Glucocorticoids 7507 (0.3%) 1490 (0.3%)

NSAIDs* 256,309 (10.7%) 53,921 (12.6%)

Abbreviations: CSDH, Chronic subdural haematoma; * NSAIDs, Non-steroid anti-inflammatory drugs.
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a higher risk of CSDH among individuals with diabetes mellitus compared to individuals without diabetes mellitus in the 
age groups 50–64 years (HR 1.42, 95% CI 1.08–1.88) and 65–74 years (HR 1.38, 95% CI 1.17–1.64). The risk of CSDH 
among individuals with hypertension was higher compared to individuals without hypertension for age groups 50–64 
years (HR 1.77, 95% CI 1.49–2.09), 65–74 years (HR 1.42, 95% CI 1.25–1.63) and 75–84 years (HR 1.26, 95% CI 
1.09–1.45). Also, a higher risk of CSDH was found for individuals with chronic hepatic disease compared to individuals 
without chronic hepatic disease for age groups 50–65 years (HR 5.91, 95% CI 3.95–8.86) and 65–74 years (HR 2.68, 
95% CI 1.78–4.02). The risk of CSDH in individuals with renal insufficiency was higher compared to individuals without 
renal insufficiency throughout all age groups: 50–64 years (HR 2.66, 95% CI 1.42–4.99), 65–74 years (HR 1.90, 95% CI 
1.33–2.72), 75–84 years (HR 1.59, 95% CI 1.22–2.07) and 85 + years (HR 1.51, 95% CI 1.09–2.11).

Anti-Inflammatory Medicine
Among individuals without registered head trauma, the risk of developing a CSDH when comparing users to non-users of 
anti-inflammatory medicine, according to age, is presented in Figure 2. We observed a decreased risk of CSDH among 
users of glucocorticoids in the 75–84 years age group (HR 0.48, 95% 0.30–0.76) and the +85 years age group (HR 0.54, 
95% CI 0.30–0.98). We found a higher risk of CSDH among individuals with statin intake compared to non-users for age 

Figure 1 Hazard ratios (HR) with 95% confidence intervals displaying the risk of CSDH when comparing individuals exposed to pro-inflammatory conditions to unexposed 
individuals, according to age (years) for individuals without registered head trauma.

Figure 2 Hazard ratios (HR) with 95% confidence intervals displaying the risk of CSDH when comparing individuals exposed to pro-inflammatory conditions to unexposed 
individuals, according to age (years) for individuals without registered head trauma.
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groups 50–64 years (HR 1.38, 95% CI 1.15–1.66) and 65–74 years (HR 1.19, 95% CI 1.05–1.35). In line with this 
finding, higher risks of CSDH were seen for individuals with NSAID intake compared to non-users, but only for age 
group 50–64 years (HR 1.94, 95% CI 1.39–2.73).

CSDH Risk Following Head Trauma
Although the absolute risk of CSDH after a registered head trauma per above was very low (0.18%), head trauma was still 
a highly significant risk factor for CSDH development when stratifying the analyses for age (ie, comparing the risk of CSDH 
in cohort members in a certain age group with unexposed individuals in the same age group). The risk was highly age- 
dependent, with higher risks in the younger part of the cohort: HR 50–64 years: 16.11, 95% CI 13.48–19.25; HR 65–74 years: 
12.57, 95% CI 10.81–14.61; HR 75–84 years: 9.01, 95% CI 7.85–10.34; and HR +85 years: 5.56, 95% CI 4.65–6.64.

The cumulative 1-year incidence of CSDH following a registered head trauma is presented in Figure 3. The incidence 
of CSDH was temporally related to head trauma, with most cases occurring within 90 days after the registered trauma, 
after which the cumulative incidence displayed little increase (Figure 3, Supplementary Table 4).

Sub-Analyses
Due to the previously mentioned assumption of unregistered head traumas, we included conditions predisposing for head 
traumas as potential risk factor as well as anticoagulative medications, ASDH and traumatic intracranial haemorrhage. 
The risks of CSDH, according to these proxy measures, are presented in Supplementary Figure 3 for cohort members 
with and Supplementary Figure 4 for cohort members without registered head trauma. All these factors were associated 
with CSDH, supporting the notion of undetected head trauma.

Discussion
This unselected, national cohort study encompassing all individuals in Denmark over the age of 50 was conducted to 
investigate the associations of pro- and anti-inflammatory factors and the development of CSDH in patients without 
registered head trauma. The pro-inflammatory conditions of alcohol addiction, hypertension, diabetes and chronic hepatic 
disease showed an increased risk of CSDH, especially among the younger individuals (50–74 years). NSAIDs and statins 
appeared to be risk factors for CSDH development, not protective factors as we hypothesized, but only among 

Figure 3 The cumulative incidence of CSDH operations in relation to time since registered head trauma. A rapid increase in incidences is observed the first 90 days 
following a registered head trauma and afterwards a flattened but continuous increase is seen throughout one-year follow-up. The x-axis is capped at a year for aesthetic 
purposes.
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individuals between the ages of 50–64 years and 50–74 years. Interestingly, the use of glucocorticoids was associated 
with a significantly decreased risk among cohort members aged 75+.

Inflammation as a Risk Factor for CSDH
An ongoing focus point in CSDH pathophysiology is the role of inflammation.25 Inflammatory biomarkers have been 
identified in the subdural fluid, and anti-inflammatory treatment provided at the time of the primary evacuation as 
effective in reducing CSDH recurrence.6,8 These findings have shifted the pathophysiological understanding of CSDH 
from being solely traumatic to a perception of being inflammatory.25 However, coagulation and blood degeneration also 
augment inflammation by thrombin-induced secretion of pro-inflammatory cytokines and growth factors, including the 
activation of dendritic cells by platelets.26 Therefore, subdural inflammatory biomarkers would indeed be expected, but 
are not necessarily causal of CSDH.

In this study, we were able to investigate inflammatory risk factors early in the pathophysiological timeline, namely 
before development of the primary CSDH. All the investigated pro-inflammatory factors show a significant effect on 
CSDH risk, at least in younger age groups, which indeed supports that inflammation plays a part in CSDH 
development.25 Thus, all inflammatory risk factors had a greater impact on CSDH risk in patients younger than 75 
years. It is well known that the inflammatory immune response becomes increasingly dysregulated with higher age, 
including both anti-and pro-inflammatory pathways serving as a central mechanism in many age-related diseases.27 As 
pro-inflammatory factors had less effect on CSDH development in the older age groups, this correlates well with a higher 
immunological and inflammatory response in the younger age groups.27

Anti-Inflammatory Medicine and the Risk of CSDH
As anti-inflammatory treatment applied at the time of the primary operation reduces the risk of a recurrent CSDH,8 it would be 
prudent to consider a prophylactic effect with an intake of anti-inflammatory medicine at the time of a registered head trauma. 
However, the statistical power to detect such associations in this subgroup was insufficient due to the low number of 
individuals who developed CSDH among this relatively low proportion (18%) of the cohort members with registered head 
trauma. Nevertheless, the finding of a protective effect of glucocorticoids in patients older than 75 years without registered 
head trauma may justify a clinical trial targeted at this age group investigating whether glucocorticoids prevent recurrence after 
a first surgery for CSDH. In the study by Hutchinson et al a starting dose of 8 mg dexamethasone was administered twice daily 
during 2 weeks to an unselected cohort of CSDH patient’s and the study reported a considerable risk of adverse events 
affecting the 6-month functional outcome on the modified ranking scale negatively in a large RCT, whereas the results suggest 
a somewhat smaller reduction (5.4%) in recurrences. The authors suggest that a future randomised study on CSDH patients 
older than 75 years use a smaller dosage and shorter duration of treatment.

Head Trauma Patients and the Risk of CSDH
A rather small proportion of patients with registered head trauma developed a CSDH (0.18%), yielding little evidence for 
prophylactic measures in patients with emergency room contacts for head trauma. Risk factors for CSDH in patients with head 
trauma have been investigated in several studies.28,29 These studies are based on radiological findings at the time of head 
trauma and clinical variables such as age, head trauma and co-morbidity, and can thus be compared to our sub-analysis of 
conditions predisposing for head traumas. Similar to our results, these studies found head trauma to be a significant risk factor 
for CSDH development, thereby confirming that regardless of our primary results demonstrating a pro-inflammatory effect on 
CSDH risk, the pathophysiological is not solely inflammatory, either.28 A possible explanation could be a pathophysiological 
timeline initiated with head trauma and, at some point, the launch of an inflammatory cascade. This would be in line with 
a previous study that found the formation of membranes within a CSDH a time-dependent process, indicating that a CSDH 
changes over time with fluctuating involvement of inflammatory factors.5

For all conditions predisposing for head traumas, similar to the pro-inflammatory factors, a profound impact of the risk factors 
was observed in younger individuals. This is interesting, especially considering that age-related cortical atrophy stretches the 
bridging veins, increasing the risk of rupture following head trauma.30 However, a likely explanation may be that CSDH in older 
patients is caused by less severe head trauma than in younger patients. In this study, only head trauma patients with head trauma 
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registered in an emergency department were recorded. As the traumatic threshold for CSDH in elderly patients may be lower, 
a minor trauma may not lead to health care contact. This would result in fewer registered head traumas in the older age groups, 
deceptively reducing the effect of head traumas on CSDH development in the elderly. A study of CSDH risk among patients with 
minor head trauma without health care contact could be of interest yet challenging to perform.

Limitations and Strengths
An important limitation is the set of factors analysed in this study. The factors were selected from a clinical perspective to amplify 
the potential clinical relevance. Nevertheless, it is likely that other factors may have relevance in CSDH pathophysiology, 
including the composition of especially inflammatory biomarkers in the haematoma fluid of CSDH patients.6 This part of CSDH 
pathophysiology is not explored in this study. This limitation also highlights the possibility of residual confounders. Several of the 
investigated factors in this study may lead to cerebral atrophy, which is a known risk factor for CSDH.31 Assessment of cerebral 
atrophy is not possible with our study design, but are in our opinion one central residual confounder in this study.32

The reported findings regarding the systemic use of anti-inflammatory medicine inherently hold the bias of being 
treatment for pro-inflammatory autoimmune conditions such as rheumatoid arthritis, inflammatory bowel disease, 
eczema, and multiple sclerosis, diagnoses that are not necessarily registered in the hospital system. As presented in 
Table 1, only 0.3% of the full cohort had a registered diagnosis of an autoimmune disease (also 0.3% among cohort 
members with registered head trauma). Thus, the numbers were insufficient to conduct meaningful analyses of the 
association between autoimmune diseases and the risk of CSDH (Supplementary Table 3).

To avoid the influence of confounders such as hypertension, diabetes mellitus and renal insufficiency in cohort members 
treated with steroids and statins, it could be of clinical interest to further investigate interactions between these risk factors in 
the sub cohort using steroids or statins. However, a further subdivision of the cohort would result in insufficient numbers for 
the analyses. In Denmark, the free and accessible health care system provides a unique scientific platform for establishing 
a study cohort from an unselected population. This minimizes selection bias and provides a wide range of close-to-complete 
information on CSDH patients. Furthermore, this enables studies of risk factors involved in the pathophysiological timeline 
leading up to a CSDH operation, which hitherto was only sparsely explored. To our knowledge, this is the first unselected 
national cohort study of inflammatory and trauma-related risk factors for CSDH development.

Conclusion
Although head trauma was a highly significant risk factor for CSDH and was temporally associated with head trauma, the 
absolute risk was very low (0.18%). The low absolute risk does not support early diagnostic or preventive measures after 
emergency room contact for head trauma. Interestingly, pro-and anti-inflammatory factors were significantly associated 
with CSDH in patients without registered head trauma and the pronounced age-dependency of the associations suggests 
that the pathophysiological mechanisms vary with age.
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