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Abstract  

Objective: While chronic neurological effects from concussion have been widely studied, 

little is known about possible links between concussion and long-term medical and 

behavioral comorbidities.  

Methods: We performed a retrospective cohort study of 9,205 adult concussion patients, 

matched to non-concussion controls from a hospital-based electronic medical registry. 

Patients with comorbidities prior to the index visit were excluded. Behavioral and medical 

comorbidities were defined by ICD-9/10 codes. Groups were followed for up to 10 years to 

identify comorbidity incidence after a concussion. Cox proportional hazards models were 

used to calculate associations between concussion and comorbidities after multivariable 

adjustment. 

Results: Concussion patients were 57% male (median age:31; IQR=23-48 years) at 

enrollment with a median follow up time of 6.1 years (IQR=4.2-9.1) and well-matched to 

healthy controls. Most (83%) concussions were evaluated in outpatient settings (5% 

inpatient). During follow-up, we found significantly higher risks of developing 

cardiovascular risks including hypertension (HR=1.7, 95%CI: 1.5-1.9), obesity (HR=1.7, 

95%CI: 1.3-2.0) and diabetes (HR=1.8, 95%CI: 1.4-2.3) in the concussion group compared 

to controls. Similarly, psychiatric and neurologic disorders such as depression (HR=3.0, 

95%CI: 2.6-3.5), psychosis (HR=6.0, 95%CI: 4.2-8.6), stroke (HR=2.1 95%CI: 1.5-2.9), and 

epilepsy (HR=4.4, 95%CI: 3.2-5.9) were higher in the concussion group. Most comorbidities 

developed less than five years post-concussion. The risks for post-concussion 

comorbidities were also higher in patients under 40 years old compared to controls.  

Interpretation: Concussion patients demonstrated an increased risk of developing medical 

and behavioral health comorbidities. Prospective studies are warranted to better describe 

the burden of long-term comorbidities in concussion patients. 
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Introduction 

Concussion, or mild traumatic brain injury (TBI), is a major public health problem with 

high rates in contact sports and after falls, particularly in the elderly.1 Concussions may 

present with a wide range of signs and symptoms, including sleep disorders, memory 

impairment, headaches, dizziness, impulsivity, and depression. Additional accumulating 

evidence indicates that brain injury may trigger progressive degenerative processes 

affecting brain health and other organ systems.2,3 The long-term health outcomes of 

repetitive mild TBI have gained extensive public attention recently, with 

epidemiological and pathological studies of military veterans and professional 

American-style football players reporting chronic multisystem affliction and increased 

mortality after injury.4-6 In addition to the consequences of repetitive head injury, 

psychiatric and medical comorbidities have been self-reported by patients after a single 

moderate or severe TBI.7,8 Among those with severe brain injury, chronic comorbidities 

can increase healthcare costs, complicate the course of recovery, and increase 

mortality.7  Despite the high prevalence of concussion (mild TBI), little is known about 

long-term medical and behavioral sequelae postinjury.  

While the acute neurological effects of concussion often resolve spontaneously over 

relatively short time periods, long-term effects of concussion on psychiatric, 

cerebrovascular, and cardiovascular comorbidities are uncertain. Lack of long-term 

tracking and follow up after TBI could be contributing to this uncertainty.9 Studying the 

timing of the onset of comorbidities, relevant risk factors, and underlying mechanisms 

are important to identify at risk patients and understand the late life decline and earlier 

death following mild and severe TBI.10,11  

Here we present results from a large observational age-, race-, and sex-matched cohort 

study up to a 10-year period to (1) assess the risk and time to cardiovascular, 

psychiatric, endocrine, and cerebrovascular diagnoses in concussed patients compared 

to non-concussed healthy controls, and (2) evaluate the association between age, and 

loss of consciousness on development of comorbidities.  
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Materials and Methods 

Study design  

In this retrospective cohort study, data were derived from the Mass General Brigham 

Research Patient Data Registry (RPDR) which captures all inpatient, outpatient and 

emergency department (ED) diagnoses. The Mass General Brigham Institutional Review 

Board approved this study. 

Patient selection 

Patients aged 18 years or older who had at least one inpatient or outpatient visit for 

concussion between 2000 to 2015 and subsequently at least one inpatient or 

outpatient follow-up visit between 2000-2019 were included. Controls were identified 

using RPDR by selecting patients with the same age, sex, and race distribution as the 

concussion cohort. Controls with history of TBI were excluded. The index date for 

concussion patients was concussion diagnosis date. For controls, index date was a 

random hospital or outpatient clinic encounter in the system. Age was calculated at 

time of first concussion diagnosis or index date for controls. All concussion patients and 

controls with any comorbidities of interest before the TBI or index date were excluded. 

The remaining patients and controls were followed for up to 10 years to assess the risk 

of comorbidities over time.  

Exposure 

Concussion was identified by International Classification of Diseases, Ninth and Tenth 

Revision (ICD-9/10) codes according to the Center of Disease Control (CDC) criteria.12 

The cause or injury resulting in the TBI was derived from the ICD-E external cause of 

injury codes13, including falls, motor vehicle accident (MVA), struck by/against, assault 

and other/unspecified.  

Comorbidities 

Comorbidities included: psychiatric disorders (depression, anxiety, psychosis, bipolar 

disorder, sleep disorder, suicide ideation/intent/attempt); substance abuse (drug 

abuse, opioid abuse, alcoholism); neurological disorders (ischemic stroke, Alzheimer’s 
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disease, vascular dementia), cardiovascular disease (CVD) and risk factors(hypertension, 

hyperlipidemia, obesity, coronary artery disease); and endocrine disorders (thyroid, 

pituitary, adrenal, diabetes mellitus); erectile dysfunction; Comorbidity diagnoses were 

made during subsequent outpatient or inpatient encounters. Comorbidities were 

identified based on ICD9/10 codes on the first date of diagnosis (Supplementary 

Table).14 We assessed the risk and determined the time to development of each 

comorbidities after concussion and index date as the date when each comorbidity first 

appeared in the medical record. We also evaluated the impact of age and  documented 

loss of consciousness (LOC; as a surrogate for injury severity or vulnerability15) on the 

incidence of medical and mental health comorbidities post-concussion.  

To ensure concordance between electronic records and physician or specialist 

diagnosis, a trained abstractor performed manual chart review on a randomly selected 

5% of the ICD codes of all comorbidities obtained from electronic medical records 

(EMR).  

Statistical analysis 

As appropriate, data were summarized by count and proportion, or median and 

interquartile range. We used Cox proportional hazards models to examine associations 

between concussion and diagnosis of mental health or medical conditions in a cohort 

with uneven follow-up. Concussion patients and controls were censored at the time of 

comorbidity diagnosis, death, or last encounter in RPDR, whichever came first. We used 

Schoenfeld residuals to test the proportional hazards assumption. Interaction terms 

that included a time variable were added when the model did not initially meet the 

proportional hazards assumption.  

To explore encounter bias and to reduce the likelihood that increased medical 

surveillance accounted for the increased incidence in concussion patients, we excluded 

those with only a single encounter in the EMR system. Using this restricted dataset, we 

evaluated associations between all studied comorbidities in concussion patients and 

controls.16  To examine bias introduced by differences in the number of encounters 

before the comorbidity diagnosis in controls versus concussion patients, we also 
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compared the median number of encounters prior to diagnosis in both the concussion 

and control groups. We also separately investigated whether concussion patients 

evaluated in the inpatient-only or outpatient-only setting for their first concussion 

encounter carried a higher risk for comorbidities that could produce bias.  

We examined incident comorbidities in concussion patients compared to controls after 

stratifying by age and LOC status. Due to loss of effective matching in these analyses, 

the age-stratified analyses were adjusted for sex and race, and LOC-stratified analyses 

was adjusted for age, sex, and race. Kaplan-Meier plots were used to describe the 

cumulative incidence rates of each comorbidity with log-rank test to compare risk 

difference between concussion and control groups. Differences in associations between 

concussion and comorbidities by age was examined by assessing multiplicative 

interaction terms in Cox models. Statistical analyses were performed using R v.3.6.1.17  

Results 

We identified a total of 22,855 patients with concussion between 2000 and 2015. Of 

these, 4,440 patients under 18 years of age and 9,210 patients with histories of prior 

comorbidities were excluded. The remaining 9,205 concussion patients without a 

history of comorbidities at the time of concussion (median age=31, interquartile range 

[IQR]: 23-48 years, 57% male, 72% White) were matched with 9,188 age-, sex-, and 

race-matched controls (median age=33, IQR: 25-48 years, 57% male, 73% White). The 

majority (64%) of the patients were in the 18-40-year-old age group.  Falls were the 

most common cause of concussion, accounting for 27% of cases, followed by MVA 

(21%). Most (83%) concussions were evaluated in outpatient settings and 5% were 

inpatient. Controls were well-matched to concussion cases on age, sex, and race, but 

had a smaller number of healthcare visits over the follow-up period (Table 1).  

Risk of multisystem comorbidities post-concussion  

Compared to controls, patients with concussion had significantly higher risk of 

psychiatric disorders including depression (HR=3.0, 95%CI: 2.6-3.5), anxiety (HR=2.8, 

95%CI: 2.5-3.3), and psychosis (HR=6.0, 95%CI: 4.2-8.6; Table 2). Risk of sleep disorders 

(HR=2.8, 95%CI: 2.3-3.4), substance use disorder (HR=3.5, 95%CI: 2.5-4.9), opioid abuse 
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(HR=3.1, 95%CI: 2.1-4.4), and alcoholism (HR=3.4, 95%CI: 2.6-4.6) were significantly 

higher following concussion compared to controls within up to 10-years of follow-up 

period. The incidence of CVD risk factors including hypertension (HR=1.7, 95%CI: 1.5-

1.9), hyperlipidemia (HR=1.7, 95%CI: 1.4-1.9), obesity (HR=1.7, 95%CI: 1.3-2.0), and 

coronary artery disease (HR=1.9, 95%CI: 1.4-2.4) were significantly higher in the 

concussion group compared to controls. Among endocrine disorders, diabetes mellitus 

risk was higher in the concussion cohort compared to controls (HR=1.8, 95%CI: 1.4-2.3).  

Since there was a significant difference in the total number of encounters between the 

concussion and control groups (Table 1), we explored the potential effects of encounter 

bias. We calculated the median number of encounters for concussion and control 

groups before the diagnosis of each comorbidity. There were no significant differences 

between the median number of medical encounters prior to diagnosis for all but one 

comorbidity (thyroid disorders; p=0.013). The difference between encounter frequency 

was almost entirely owing to more frequent visits for the concussion group than 

controls after comorbidity diagnosis (Supplementary Table 2). Sensitivity analyses 

restricted to all patients with greater than two follow-up visits and to all patients seen 

in the outpatient setting for their index visit demonstrated the same statistically 

significant associations between concussion and comorbidities as seen in the full 

dataset (Supplementary Tables 3 and 4). We manually reviewed 5% of the ICD codes to 

ensure concordance between EMR and physician diagnosis and found that greater than 

95% were concordant (data not shown). 

Age stratification and risk of multisystem comorbidities post-concussion 

We found significantly higher risks for psychiatric disorders such as depression and 

anxiety post- concussion compared to controls in all age groups (p<0.001), except for 

bipolar disorder, which was not significant in older concussion patients (age >60 years) 

compared to controls. Risk for psychosis was also significantly higher especially in young 

(age 18-40, HR=4.1, 95%CI: 2.7-6.2) and middle age concussion patients (age 41-60, 

HR=15, 95%CI: 5.4-40.4) compared to controls. The notable increase in psychosis for the 

middle-aged group compared to younger was significant (interaction p-value <0.001; 

data not shown) but not for older ages. Middle age concussion patients were also at 
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much higher risk for substance use disorders (age 41-60, HR=8.7, 95%CI: 3.5-21.8) 

compared to similarly aged controls (Supplementary Table 5). The hazard ratio for this 

group was significantly different than that of younger (interaction p-value=0.009) but 

not older age groups. However, it is important to note that relatively small numbers in 

the control groups for these comorbidities may have led to artificially wide confidence 

intervals. Differences in the effects of concussion on the hazard ratio of many 

comorbidities by age group were significant for hyperlipidemia, depression, bipolar 

disorder, schizophrenia/psychosis, anxiety disorder, sleep disorder, suicidality, 

substance abuse disorder and Alzheimer's disease (interaction p-value range: <0.001 to 

0.05; data not shown).  

The risk of many common chronic diseases usually associated with aging was increased 

even in the youngest group (age 18-40) post-concussion. Hypertension (HR=1.3, 95%CI: 

1.1-1.8) and obesity (HR=1.6, 95%CI: 1.2-2.1) were significantly associated with 

concussion in the 18-40 years old age group and in older age groups (Figure 1a). We 

found similar patterns of increased risk of epilepsy (HR=3.8, 95%CI:2.5-5.9) and 

substance use disorder (HR=2.9, 95%CI:2.0-4.2) post-concussion in the younger age 

group (18-40 years old, Figure 1 b-c).  

Stratification by loss of consciousness and risk of multisystem comorbidities post-

concussion 

Forty-one percent of the concussion group had concussion with LOC. Compared to 

controls, both concussion patients with and without LOC had more post-concussion 

psychiatric and cardiovascular comorbidities than controls (p<0.001). However, 

concussion patients who experienced LOC had increased risk of psychosis (HR=7.8, 

95%CI: 5.3-11.5), suicidal ideation/attempts (HR=5.6, 95%CI: 3.3-9.3) and substance use 

disorder (HR=4.6, 95%CI: 3.2-6.6) compared to controls. Neurodegenerative diseases 

such as Alzheimer’s disease (HR=2.7, 95%CI: 1.1-6.8) and vascular dementia (HR=4.1, 

95%CI: 1.2-14.0) were also more common post-LOC compared to controls (Table 3). 
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Time to development of comorbidities following concussion  

Comorbidities across all systems developed within a median time of five years following 

concussion (Supplementary Table 6). Cumulative incidence risk for psychiatric, sleep 

and substance use disorders, post traumatic epilepsy, and stroke were significant post-

concussion compared to controls (p<0.005 for all comparisons, Figure 2c-e), but not for 

Alzheimer’s disease or vascular dementia (Supplementary Figure 1). Cumulative 

incidence risk for all studied CVD risk factors including hypertension, hyperlipidemia, 

obesity, and coronary artery disease showed significant differences compared to 

controls (p<0.01 for all comparisons; Figure 2a-b). Similarly, trend for diabetes 

(p=0.0013) was significant, but not for adrenal, thyroid and pituitary diseases or for 

erectile dysfunction, compared to controls.  

Discussion 

To our knowledge, this is the first large study to examine the association between 

concussion and risk of chronic medical and behavioral health conditions with up to 10-

years of follow-up. Compared to controls, patients experiencing concussion without 

pre-existing comorbidities were at increased risk of developing numerous chronic 

conditions including CVD, endocrine diseases, and neurological and mental health 

comorbidities. Higher post-concussion risks were not confined to older ages and were 

observed among patients as young as 18-40 years old. Most of the comorbidities 

developed within a median of less than five years following concussion.  

Emotional disturbances, sleep, and behavioral problems are common after concussion 

and are typically transient, but in some cases, may last for months to years.18 Similarly, 

we found a significant increase in reported sleep disorders and neuropsychiatric 

comorbidities such as anxiety and depression in all age groups after concussion.19 

Significantly different hazard ratios found between different age groups for a number of 

comorbidities may be an effect of aging or may be due to underlying differences in the 

population strata because recruitment required having no comorbidity diagnoses at 

baseline. Risk of psychosis post-concussion was significantly higher in middle aged (15-

fold) and older patients (9-fold) and remained high even in patients younger than 40 (4-
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fold) compared to controls, although the number of events was relatively low. Previous 

studies suggested a possible link between moderate and severe TBI and delayed onset 

psychosis,20 but a similar association with mild TBI has not yet been reported. The 

impact of other factors known to increase the risk for psychosis and other 

neuropsychiatric comorbidities such as premorbid biological risk, family history and 

history of prior neurodevelopmental conditions still require further investigation. Few 

studies have focused on LOC in civilian populations showed that LOC at the time of 

injury is  predictive for depression and post-concussion symptoms in the few months 

post-TBI21,22. In our study we observed a higher incidence of psychosis, suicidality and 

substance use disorder among patients who experienced LOC compared to controls.  

The overall high incidence of neuropsychiatric disorders may play a role in patients’ 

decision making and potentially increase the risk of suicide attempts, and chronic 

substance use disorder, and even chronic comorbidities in some patients.18,23,24 The 

directionality of these behavioral patterns is still not clear.  

Compared to controls, we found a significant increase in CVD and CVD risk factors 

including hypertension, sleep disorders and obesity after concussion even in the 

younger age group (18-40-year-old). Concussion patients are at risk for weight gain, 

sleep disturbances, chronic fatigue and reduction in functional health post-injury which 

could all play a role in increasing CVD and its risk factors.25-28 Overall, it is still not clear 

whether the heightened CVD risk post-concussion is due to mechanistic causes, other 

medical comorbidities, subsequent lifestyle changes that put patients at higher risk, or 

other factors.  

We did not find a noticeably high risk of Alzheimer’s disease and other types of 

cognitive impairment in our cohort, even in the older age group (>60 year-old), possibly 

because our concussion patients had a healthy baseline prior to concussion, having 

excluded patients with pre-existing medical and mental health comorbidities that may 

increase risk of Alzheimer’s disease. We found an increased risk of stroke subsequent to 

concussion comparable to that reported in recently published studies.29 The exact 

mechanisms are not well studied, but this finding could be related to underlying 

worsening medical comorbidities post injury,20,21 as well as reported post-concussion 
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mechanisms such as neuroinflammation, vascular dysfunction, and increased risk of 

thrombosis could also contribute.30  

Our study has several limitations. First, this is a registry database study from a single 

academic health system providing primary and tertiary care using structured data 

captured in the EMR using ICD 9/10 codes. The diagnoses relied on the accuracy and 

completeness of ICD diagnosis codes which may have led to some misclassification. 

However, the manual review of hospital records showed a high degree of concordance 

with the ICD coding. Second, we were not able to identify and exclude patients with 

prior exposure to sport or repetitive head injuries, nor could we identify concussion 

patients who did not seek medical attention or whose medical data were stored at 

other facilities. This weakness is counterbalanced by the large number of patients and 

long follow-up timeline of the study. Third, we were unable to distinguish between the 

effect of single and repetitive head injuries on the risks of comorbidities given the 

limitations of ICD 9/10 codes and EMR structure. In addition, it is uncertain whether 

findings are generalizable to other cohorts including sport and military personnel. 

Fourth, we did not quantify concussion severity or general trauma burden, opting 

instead to explore LOC as a severity index in sensitivity analyses. Fifth, there may be 

underlying differences that place some people at higher risk for concussion as well as at 

higher risk for some of the neuropsychiatric conditions studied here, which could 

confound data analysis and introduce bias to risk estimates. Sixth, results could also be 

influenced by possible ascertainment bias given less frequent follow-up visits for 

controls compared to concussion patients. In this setting, simulations have shown that 

simple adjustments for frequency of visits can also introduce bias.16 We calculated the 

median number of encounters for concussion and control groups before the 

comorbidity diagnosis. While we found no significant differences between the median 

number of medical encounters prior to diagnosis for all but one comorbidity, there may 

be unmeasured encounter bias contributing to results. Seventh, we did not adjust for 

multiple comparisons despite the inclusion of many comorbidities because this was an 

exploratory study, and we did not want statistical penalties to inhibit discovery.  
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 Conclusion  

In summary, although many post-concussive symptoms may resolve without treatment, 

concussion may have substantial, long-term consequences at any age. We have 

identified associations between concussion and the risk of chronic behavioral health 

and medical comorbidities, largely within five years following a documented 

concussion. Even young adults who sustain concussions are at relatively high risk for 

comorbid events compared to controls. Future prospective health and mechanistic 

studies that account for all of the above limitations are warranted. Such studies are 

needed to understand the biopsychosocial links and investigate the causality or 

directionality of these comorbidities and assess the role of medical surveillance and 

preventive protocols.  
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Table 1: Baseline characteristics of concussion patients and age, sex, and race-matched 

controls.  

 

 

 Control cohort  Concussion cohort 

Total 9,188 9,205 

Female 3983 (43%) 3983 (43%) 

Male 5205 (57%) 5222 (57%) 

Median age 33 (25-48) 31 (23-48) 

Age groups 

18-40 years  5867 (64%) 5884 (64%) 

41-60 years  2313(25%) 2313(25%) 

61-80 years  761 (8%) 761 (8%) 

>80 years  247 (3%) 247 (3%) 

Race  

White  6718 (73%) 6608 (72%) 

Black  728 (8%) 741 (8%) 

Hispanic  708 (8%) 668 (7%) 

Other  392 (4%) 685 (7.4%) 

Missing  642 (7%) 503 (5.6%) 

Mechanism of Injury  

Fall  NA 2471 (27%) 

MVA NA 1887 (20.5%) 

Struck by/ 

against  

NA 709 (8%) 

Assault  NA 571 (8%) 

Other NA 3567 (39%) 

First encounter setting  

Inpatient  718 (8%) 492 (5%) 
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Outpatient  7384 (80%) 7673 (83%) 

Outpatient-

emergency  

171 (2%) 325 (3.5%) 

Missing 915 (10%) 715 (8%) 

Median (IQR) no. of encounters during follow-up 

Age groups      

18-40 years 2 (1-7) 5 (2-16) 

41-60 years 3 (1-11) 8 (2-28) 

61-80 years 3 (1-10) 10 (3-27) 

>80 years 3 (1-8) 6 (2-18) 
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Table 2: Hazard ratios for multisystem comorbidities post-concussion compared to 

control, matched on age, race, and sex. 

 Control    Concussion   

Comorbidities Incidenc

e 

 

Total 

follow 

up 

time 

(years

) 

Incidenc

e  

Total 

follow 

up 

time 

(years

) 

HR 

(95

% 

CI) 

Total (N) 9188  9205  

Cardiovascular  

Hypertension 325  28724 685 43500 1.7 

(1.5-

1.9) 

*** 

Hyperlipidemia 257  28823 544  44029 1.7 

(1.4-

1.9) 

*** 

Obesity 145  29216 352 44928 1.7 

(1.3-

2.0) 

*** 

Coronary artery disease   84  29488 187  45654 1.9 

(1.4-

2.4) 

*** 

Endocrine  

Thyroid dysfunction  116  29453 237 45808 1.6 

(1.2-
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1.9) 

*** 

Pituitary dysfunction  12  29740 20  46360 1.2 

(0.5-

2.5)  

Diabetes mellitus  98 29440 229  45413 1.8 

(1.4-

2.3) 

*** 

Adrenal dysfunction  16  29701 33  46278 1.4 

(0.8-

2.8)  

Erectile dysfunction  43  15581 73  24821 1.3 

(0.9-

1.9) 

Psychiatric  

Depression  217 29025 899 42628 3.0 

(2.6-

3.5) 

*** 

Bipolar disorder  25 29706 102 46021 2.8 

(1.7-

4.4) 

*** 

Schizophrenia/ 

psychosis 

41  29585 309  44821 6.0 

(4.2-

8.6) 

*** 

Anxiety disorder 305 28752 1188 41387 2.8 

(2.5-
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3.3) 

*** 

Sleep disorder  133 29328 501 44331 2.8 

(2.3-

3.4) 

*** 

Suicide 

ideation/intent/attemp

t  

27  29709 149  45811 4.3 

(2.7-

7.0) 

*** 

Substance abuse  52  29634 261  45126 3.5 

(2.5-

4.9) 

*** 

Opioid abuse  40  29633 191 45619 3.1 

(2.1-

4.4) 

*** 

Alcoholism  71  29562 340 44883 3.4 

(2.6-

4.6) 

*** 

Neurological  

Stroke/TIA  58 29619 145  45841 2.1 

(1.5-

2.9) 

*** 

Alzheimer’s  10  29745 20 46352 1.9 

(0.9-

4.4) 
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Vascular dementia  5  29755 12  46371 2.8 

(0.9-

8.7) 

Epilepsy/seizures  50 29605 284 45150 4.4 

(3.2-

5.9) 

*** 

Significance denoted by * < 0.05, ** < 0.01, *** < 0.001 

Reference= Control group 
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Table 3: Stratification by loss of consciousness (LOC) and risk of medical and mental 

health comorbidities post-concussion, adjusted for age, sex, and race. 

Comorbidities Cont

rol       

(N=9

188) 

Ti

me 

to 

foll

ow 

up 

(ye

ars

) 

Conc

ussio

n 

witho

ut 

LOC 

(N=54

64) 

Ti

me 

to 

foll

ow 

up 

(ye

ars

) 

H

R 

(9

5

% 

CI

) 

Conc

ussio

n 

with 

LOC 

(N=37

41)  

Ti

me 

to 

foll

ow 

up 

(ye

ars

) 

H

R 

(9

5

% 

CI

) 

Cardiovascular 

Hypertension 325  28

72

4 

390  26

70

8 

1.

6 

(1

.4

-

1.

9) 

*

*

* 

295  16

79

2 

1.

8 

(1

.5

-

2.

1) 

*

*

* 

Hyperlipidemi

a 

257  28

82

3 

334  26

94

6 

1.

7 

(1

.4

-

2.

0) 

210  17

08

2 

1.

5 

(1

.3

-

1.

9) 
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*

*

* 

*

*

* 

Obesity 145  29

21

6 

222  27

45

6 

1.

6 

(1

.3

-

2.

1) 

*

*

* 

130  17

47

2 

1.

6 

(1

.3

-

2.

1) 

*

*

* 

Coronary 

artery disease   

84  29

48

8 

101  27

97

2 

1.

7 

(1

.3

-

2.

4) 

*

*

* 

86  17

68

2 

1.

9 

(1

.5

-

2.

7) 

*

*

* 

Endocrine  

Thyroid 

dysfunction  

116 29

45

3 

182  27

90

2 

1.

9 

(1

.5

-

55  17

90

6 

0.

9 

(0

.7

-
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2.

4) 

*

*

* 

1.

4) 

Pituitary 

dysfunction  

12  29

74

0 

16  28

31

3 

1.

5 

(0

.7

-

3.

4)  

4  18

04

7 

0.

5 

(0

.1

-

2.

0) 

Diabetes 

mellitus  

98 29

44

0 

123 27

82

0 

1.

5 

(1

.1

-

1.

9) 

*

* 

106  17

59

2 

2.

2 

(1

.6

-

2.

9) 

*

*

* 

Adrenal 

dysfunction  

16  29

70

1 

19  28

29

4 

1.

4 

(0

.8

-

2.

9)  

14  17

98

3 

1.

6 

(0

.7

-

3.

6)  
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Erectile 

dysfunction  

43  15

58

1 

39  13

35

6 

1.

3 

(0

.8

-

2.

1)  

34  11

46

5 

1.

2 

(0

.8

-

1.

9)  

Psychiatric 

Depression  217  29

02

5 

581  25

90

5 

3.

0 

(2

.6

-

3.

5) 

*

*

* 

318  16

72

2 

2.

9 

(2

.4

-

3.

5) 

*

*

* 

Bipolar 

disorder  

25  29

70

6 

58  28

13

1 

2.

3 

(1

.4

-

3.

8) 

*

* 

44  17

88

9 

3.
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.1
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*

*

* 
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Figure 1: Risk trends of multisystem comorbidities following concussion by age.  

Figure shows a) cardiovascular b) endocrine c) psychiatric and neurological risks in three 

age groups (18-40, 41-60 and >60-year-old) post-concussion.  
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Figure 2: Kaplan-Meier graphs for risk of multisystem comorbidities post-concussion.  

Kaplan-Meier graphs showing the cumulative incidence rate of multisystem comorbidities 

post-concussion including a) hypertension, b) hyperlipidemia, c) depression, d) anxiety, 

and e) sleep disorders.  

 


