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Abstract

Objective: Because of the growing concern about the potential effects of traumatic brain injuries 

(TBIs) on a child’s developing brain and the potential impact of lifetime depression and risk 

behaviors associated with TBI, further exploration is warranted.

Setting and Participants: Data (N = 4917) from the 2017 North Carolina Behavioral Risk 

Factors Surveillance System (BRFSS).

Design: Cross-sectional.

Main Measures: Examine whether a lifetime history of TBI with loss of consciousness (LOC) 

or having a history of TBI with LOC prior to 18 years of age was associated with a greater 

likelihood of lifetime depression, current binge drinking, and current cigarette and e-cigarette 

smoking.

Results: Respondents with a history of TBI with LOC had 2.1 (95% CI, 1.6–2.8) times higher 

odds of lifetime depression and 1.7 to 1.8 (95% CI, 1.02–2.97) times higher odds of all risk 

behaviors than those without a lifetime history of TBI with LOC. There were no statistical 

differences between age of first TBI with LOC and lifetime depression, binge drinking, cigarette 

smoking, and e-cigarette use after controlling for key demographics.

Conclusion: These findings underscore the importance of increasing awareness among 

healthcare providers of the prevalence of lifetime depression and risk behaviors among individuals 

with a history of TBI and the need for improved screening and referrals to evidence-based 

services.
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TRAUMATIC BRAIN INJURIES (TBIs) are associated with a large number of injury-

related deaths, hospitalizations, and disabilities each year.1 In addition, a report from the 

Centers for Disease Control and Prevention (CDC) found that there were approximately 2.5 

million TBI-related emergency department visits in the United States in 2014—an increase 

of more than 50% since 2006 (521.6 per 100 000 population in 2006 to 801.9 in 2014).1 A 

TBI is caused by an impact or force to the head or body or a penetrating injury to the head 

that is associated with neurological dysfunction.2 The severity of a TBI can range from 

“mild” (ie, a brief change in mental status or consciousness) to “severe” (ie, an extended 

period of unconsciousness or memory loss after the injury).2

Individuals with a TBI generally experience a constellation of short- or long-term symptoms 

that can affect thinking (ie, memory and reasoning), sensation (ie, sight and balance), 

language (ie, communication and understanding), and/or emotion (ie, depression, personality 

changes, and social inappropriateness).3–5 Most individuals who sustain a mild TBI are 

often asymptomatic within 1 to 4 months,6,7 whereas outcomes vary widely for those with 

greater TBI severity. However, there is emerging research that indicates that there may be 

ongoing effects from a TBI sustained during childhood while the brain is still developing.
8–11 For example, sustaining a TBI during childhood can increase a child’s risk for adverse 

outcomes that can affect overall health and behaviors, such as self-regulation and social 

participation.8,9,12 A TBI can also affect a child’s ability to complete high school, be 

employed as an adult, and enroll in postsecondary education.8,9,11,13–15

While use of evidence-based practices has helped increase survival rates and quality of life 

for people living with TBI, certain health outcomes (such as depression) and behaviors (such 

as smoking and misuse of alcohol and other substances) can prolong or adversely affect a 

person’s recovery from TBI.16–19 Singh et al18 conducted a 2-year prospective cohort study 

with more than 770 patients with TBI (of varying severities) and found that patients with 

depression had higher levels of postconcussion symptoms and worse psychosocial and 

global outcome ratings. Studies on smoking and excessive alcohol use following a TBI 

suggest that these behaviors may interfere with or occur as a way to cope with the 

neurobiological processes and dysfunction that occur during recovery from TBI.20,21

Excessive alcohol use (eg, binge drinking) and smoking are commonly initiated during 

adolescence.22 In addition, signs of depression are prevalent among youth.22 In 2017, a 

national school-based survey conducted by the CDC surveyed high school students 

regarding their self-reported health and behaviors. Findings from this survey demonstrated 

that 60.4% of students had had at least 1 drink of alcohol on at least 1 day during their life 

(ie, ever drank alcohol) and 13.5% of students reported binge drinking (≥4 drinks of alcohol 

in a row [for females] or ≥5 drinks of alcohol in a row [for males] within a couple of hours) 

on at least 1 day during the past 30 days.22 In addition, 28.9% of students had tried cigarette 

smoking and 42.2% had used an electronic vapor product (including e-cigarettes, e-cigars, e-

pipes, vape pipes, vaping pens, e-hookahs, and hookah pens) at some point previously.22 
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Alcohol contributes substantially to the morbidity of trauma patients, regardless of the type 

of injury. For example, in regard to TBI, studies have demonstrated the presence of alcohol 

in 35% to 81% of injured patients.23,24 There is also evidence of an association between 

sustaining a TBI in youth and later risk behavior. One study found that in youth and 

adolescents aged 11 to 20 years, those who sustained a recent TBI (in the last 12 months) 

had 2 times greater odds of consuming alcohol and had 2.5 times greater odds of daily 

smoking than adolescents who never sustained a TBI.25 In longitudinal birth cohort studies, 

sustaining a TBI during youth was associated with an increased risk of drinking to 

intoxication,26 substance use (alcohol, tobacco, and cannabis),27 and substance abuse and 

alcohol and drug dependence.28

Many adverse health risk behaviors initiated during childhood and adolescence can extend 

into adulthood and affect the health and safety of individuals in the long term.22 Thus, 

because of the growing concern about the potential effects of TBIs on a child’s developing 

brain and the potential impact of adverse health outcomes and risk behaviors (eg, binge 

drinking, smoking, and depression) associated with TBI, further exploration is warranted. To 

this end, using data from the 2017 North Carolina Behavioral Risk Factor Surveillance 

System (BRFSS), the goal of this article is to examine whether a person’s lifetime history of 

TBI with loss of consciousness (LOC) and sustaining a TBI with LOC prior to 18 years of 

age is associated with a greater likelihood of reporting lifetime depression and/or current 

binge drinking, cigarette smoking, or e-cigarette use.

METHODS

Study population

The BRFSS29 is a state surveillance system and is designed to make inference on a state 

noninstitutionalized population, aged 18 years and older. The BRFSS collects data on 

participants’ health, use of preventive services, healthcare access, and health-related 

behavioral risk factors. The BRFSS employs a complex sampling design30; it uses a 

stratified random digit dialing method to collect a landline and cellphone sample. Final 

sample weights were products of base weights and adjustments of ranking on demographic 

variables. BRFSS data are de-identified and are considered exempt from human subjects 

review by the CDC’s institutional review board. Data for this study only examined North 

Carolina BRFSS respondents, as only a few states incorporate a module that asks TBI-

related questions. Data from the states that included a TBI module in 2017 cannot be 

combined because of differences in the TBI-related questions. In 2017, 4917 adults in North 

Carolina completed the BRFSS using a landline or cellphone (see Figure 1).

Traumatic brain injury

The TBI optional module included questions on the lifetime history of TBI. All respondents 

who completed the core sections of the BRFSS (N = 4917) received the following prompt:

For these next questions, please think about injuries you have had during your entire 

lifetime, especially those that affected your head or neck. It might help to remember times 

you went to the hospital or emergency room. Think about injuries you may have received 
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from a car or motorcycle wreck, bicycle crash, being hit by something, falling down, being 

hit by someone, playing sports, or an injury during military service.

This prompt was followed by the questions, “Thinking about any injuries you have had in 

your lifetime, were you ever knocked out, or did you lose consciousness?” and “How old 

were you the first time you were knocked out or lost consciousness?” On the basis of self-

reported injury, lifetime history of TBI with LOC, and age of first TBI with LOC, questions 

were dichotomized as yes/no and less than 18 years and 18 years or older, respectively. Like 

the Ohio BRFSS TBI state module,31 lifetime history of TBI was limited to TBIs with LOC-

only. LOC is more accurately self-reported with certainty than other symptoms (such as 

confusion or disorientation) and indicates a disruption of brain function.32 In addition, some 

studies have indicated that TBI with LOC has more discriminative power than TBI without 

LOC.33,34

Lifetime depression and risk behaviors

The health variables examined include lifetime depression, current binge drinking, current 

smoking, and current e-cigarette smoking.

Lifetime depression was defined using the question, “Has a doctor, nurse, or other health 

professional ever told you that you have a depressive disorder (including depression, major 

depression, dysthymia) or minor depression?” This variable was dichotomized as yes/no.

Current binge drinking was defined by combining 2 questions. The first question asked, 

“During the past 30 days, how many days per week or per month did you have at least one 

drink of any alcoholic beverage such as beer, wine, a malt beverage, or liquor?” The second 

question was as follows: “Considering all types of alcoholic beverages, how many times 

during the past 30 days did you have 5 (for men) and 4 (for women) or more drinks on an 

occasion?” If a person responded that he or she did not consume any drinks in the past 30 

days, he or she was not asked the follow-up questions. This combined variable was coded 

with 3 mutually exclusive levels: nondrinker, non–binge drinker, and binge drinker. No 

drinking was defined as a respondent who answered that he or she had no drinks in the past 

30 days in response to the first question. Non–binge drinking was defined as a respondent 

who reported drinking at least 1 alcoholic beverage in the past 30 days but did not report 

consuming 5 or more drinks (for men) or 4 or more drinks (for women) on an occasion. 

Binge drinking was defined as a respondent who reported consuming 5 or more drinks (for 

men) or 4 or more drinks (for women) on 1 or more occasions in the past 30 days.

Current smoker was defined by using the questions, “Have you smoked at least 100 

cigarettes in your entire life?” and “Do you now smoke cigarettes every day, some days, or 

not at all?” This variable was dichotomized as yes/no. If the respondent answered “no” to 

the first question or “not at all” to the second question, the respondent was defined as not 

being a current smoker. If the respondent answered “yes” to the first question and “every day 

or some days” to the second question, the respondent was defined as a current smoker.

Current e-cigarette user was defined by using the questions, “Have you ever used an e-

cigarette or other electronic “vaping” product, even just one time, in your entire life?” and 
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“Do you now use e-cigarettes or other electronic “vaping” products every day, some days, or 

not at all?” This variable was dichotomized as yes/no. If the respondent answered “no” to 

the first question or “not at all” to the second question, the respondent was defined as not 

being a current e-cigarette user. If the respondent answered “yes” to the first question and 

“every day or some days” to the second question, the respondent was defined as a current e-

cigarette user.

Statistical analysis

Descriptive statistics were calculated to describe the demographic characteristics of North 

Carolina adults. These statistics were limited to those who answered “yes” or “no” to the 

lifetime TBI with LOC question (N = 3771). To account for the complex design of the 

BRFSS, frequencies and weighted percentages were estimated and compared across 

subgroups using χ2 tests, along with corresponding 95% confidence intervals (CIs). The 

bivariate statistics were limited to those who answered “yes” or “no” to the lifetime TBI 

with LOC question and the respective lifetime depression question or risk behavior. To 

determine the association between lifetime history of TBI with LOC, and age of first TBI 

with LOC, and lifetime depression and risk behaviors (ie, current binge drinking, current 

smoking, and current e-cigarette user), multivariable binomial logistic regressions were used 

to create models, using the “no outcome” conditions as the reference group and adjusting for 

the demographic characteristics that were significant in the χ2 tests. In addition, 

multicollinearity between the demographic characteristics was assessed for each 

multivariable binomial logistic regression model. Separate analyses were conducted for 

lifetime depression and each risk behavior variables. The level of the tests were α = .05. 

Because of 22% of respondents not answering the TBI with LOC question, a missing data 

analysis comparing respondents who did not answer this question with those who did were 

conducted on demographic characteristics and lifetime depression and risk behavior 

variables. In addition, since there were a lot of respondents who did not answer the question 

about income, analyses with and without income were conducted for the final models. All 

analyses were performed in SAS 9.4 (SAS Institute, Cary, North Carolina), taking the 

complex survey design into account.

RESULTS

Respondents to the TBI question were relatively evenly split as follows: males (47.4%) and 

females (52.6%) (see Table 1). About 11.8% of individuals indicated veteran status, and 

most of the individuals were non-Hispanic white (68.1%). A majority completed some 

college or higher (58.3%). A quarter of the individuals (24.4%) had a history of TBI with 

LOC. Among those who indicated they had a history of TBI with LOC, 49.9% sustained a 

TBI with LOC prior to 18 years of age and 50.1% first sustained a TBI with LOC when they 

were an adult (18 years or older). Approximately 21.2% of individuals reported lifetime 

depression, 14.0% re ported current binge drinking, 17.8% reported current smoking, and 

4.5% reported current e-cigarette use.
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All multivariable models were adjusted for the demographic characteristics that were 

significant in the χ2 tests. There was no evidence of multicollinearity between the 

demographic variables for all the evaluated endpoints.

Lifetime depression

Unadjusted analyses demonstrate that lifetime depression was more common among 

females, non-Hispanic whites, nonveterans, those who were not married, those with less 

educational attainment, those who were unemployed, and individuals with lower incomes 

(see Supplemental Digital Content, available at: http://links.lww.com/JHTR/A349). 

Similarly, lifetime history of TBI with LOC was related to individuals’ self-reported lifetime 

depression (see Table 2). Age and age of first TBI with LOC were not significantly 

associated with lifetime depression.

After adjustment for sex, race/ethnicity, veteran status, marital status, educational 

attainment, employment status, and annual income, lifetime history of TBI with LOC was 

associated with increased odds of reporting lifetime depression (adjusted odds ratio [AOR] = 

2.1; 95% CI, 1.6–2.8; see Table 3).

Current binge drinking

Unadjusted analyses demonstrate that current binge drinking was more common among 

males, younger respondents, nonveterans, those who were not married, those with higher 

educational attainment, currently employed individuals, and individuals with higher incomes 

(see Supplemental Digital Content, available at: http://links.lww.com/JHTR/A349). In 

addition, there was a statistically significant relationship between individuals with a lifetime 

history of TBI with LOC and age of first TBI with LOC and current binge drinking (see 

Table 2). Race/ethnicity and veteran status were not statistically significantly related to binge 

drinking.

After adjustment for sex, age, veteran status, marital status, educational attainment, 

employment status, and annual income, lifetime history of TBI with LOC was associated 

with increased odds of reporting non–binge drinking (AOR = 1.3; 95% CI, 1.02–1.7) and 

binge drinking (AOR = 1.7; 95% CI, 1.2–2.4). Age of first TBI with LOC (<18 years vs ≥ 18 

years) was not associated with non–binge drinking (AOR = 1.1; 95% CI, 0.7–1.8) or binge 

drinking (AOR = 1.7; 95% CI, 0.9–3.3; see Table 3).

Current smoking

Unadjusted analyses demonstrate that current smoking was more common among males, 

younger respondents, those who were not married, those with less educational attainment, 

and individuals with a lower income (see Supplemental Digital Content, available at: http://

links.lww.com/JHTR/A349). Individuals with a lifetime history of TBI with LOC were more 

likely to report being a current smoker (see Table 2). Veteran status, race/ethnicity, 

employment status, and age of first TBI with LOC were not statistically significantly related 

to current smoking.
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After adjustment for sex, age, marital status, educational attainment, and annual income, 

lifetime history of TBI with LOC was associated with increased odds of reporting current 

smoking (AOR = 1.8; 95% CI, 1.3–2.4; see Table 3).

Current e-cigarette user

Unadjusted analyses demonstrate that current e-cigarette use was more common among 

younger respondents, those who were not married, those with less educational attainment, 

those currently employed, and individuals with lower income (see Supplemental Digital 

Content, available at: http://links.lww.com/JHTR/A349). Similarly, current e-cigarette use 

was associated with a lifetime history of TBI with LOC (see Table 2). Sex, race/ethnicity, 

veteran status, and age of first TBI with LOC were not significantly related to reporting 

current e-cigarette use.

After adjustment for age, marriage, educational attainment, employment status, and annual 

income, lifetime history of TBI with LOC was associated with increased odds of reporting 

current e-cigarette use (AOR = 1.7; 95% CI, 1.02–2.97; see Table 3).

DISCUSSION

This study demonstrated that lifetime depression and current binge drinking, cigarette 

smoking, and e-cigarette use were all significantly associated with reporting a lifetime 

history of TBI with LOC in North Carolinians, even after controlling for important 

demographic factors. For example, the odds of an individual reporting being diagnosed with 

lifetime depression among those with a history of TBI with LOC was twice as high as the 

odds of those without a history of TBI with LOC. These findings are consistent with other 

research that has found increased odds of depressive disorder, binge drinking, and cigarette 

smoking among individuals with a lifetime history of TBI with LOC in an Ohio sample,31 

although a study examining individuals from Colorado did not find an association with the 

presence of a TBI, TBI severity, and problematic alcohol use.35 There have been a dearth of 

studies examining a lifetime history of TBI and e-cigarette use and to our knowledge this is 

the first to report such a finding. On the contrary, there is a plethora of research that has 

examined potential physical, cognitive, and neurological symptoms that may linger in the 

long term after one has experienced a TBI,36,37 but there has been less focus on mental 

health and alcohol misuse problems. Importantly, there are several evidence-based 

interventions to address depression,38 alcohol misuse,39 and smoking40 that can be used for 

patients with TBI. To increase access to these interventions for people living with TBI, 

findings from this study, as well as those from previous studies, point to the importance of 

increasing awareness among healthcare providers of the increased prevalence of lifetime 

depression and risk behaviors among patients with TBI and the need for improved screening 

and referrals to services.18,20,41

Contrary to our hypothesis, this study did not find that sustaining a first TBI with LOC prior 

to 18 years of age versus after 18 years of age affected the odds of reporting lifetime 

depression or risk behaviors. However, Bogner et al31 did find an association between both 

age groups and adverse health outcomes for a first TBI with LOC prior to or after 15 years 

of age. There are several potential reasons why we did not find an association between a TBI 
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with LOC prior to 18 years of age and lifetime depression or risk behaviors and why this 

result differs from those of previous studies. First, and most importantly, besides binge 

drinking, our estimates were not stable enough to test the association between age of first 

TBI and lifetime depression and other risk behaviors. Second, our bivariate analysis did find 

that age of first TBI with LOC was significantly related to current binge drinking (P 
= .0005), with 28.6% of individuals who binge drink having had a first TBI with LOC before 

18 years of age compared with 14.8% of individuals who binge drink having had a first TBI 

after 18 years or age. However, after controlling for key demographics in the final model, 

this significant relationship was no longer present. This could be due to low power and 

sample size or because there are other demographics that account for the variation in binge 

drinking that was explained by age of first TBI with LOC. Ultimately, the bivariate 

relationship highlights that this topic warrants further study with a larger sample size to 

provide greater clarity. Third, this sample included respondents who live in North Carolina. 

It may be the case that national data with a larger sample size will demonstrate a relationship 

between age of first TBI and lifetime depression and risk behaviors. Fourth, our results 

likely differ from those of Bogner et al due to our definition of age of first TBI. Our study 

directly compared respondents with a TBI with LOC prior to 18 years of age with that after 

18 years of age, whereas the study conducted by Bogner et al examined respondents with a 

TBI with LOC prior to or after 15 years of age with those without a history of TBI. This 

difference could have a major impact on the results. However, when we added a no TBI 

reference group to our analyses (see Supplemental Digital Content 2, available at: http://

links.lww.com/JHTR/A349), we did find similar results to Bogner et al: both age groups 

were related to increased odds of lifetime depression and current smoking, whereas having a 

TBI prior to 18 years of age had increased odds of non–binge drinking and binge drinking 

compared with those without a history of TBI with LOC.

There are several limitations to this study. First, the TBI questions are biased toward more 

severe brain injuries due to asking about lifetime TBI with LOC. In addition, the prevalence 

of all individuals who have sustained a TBI with LOC is between 5.7% and 12%.42–44 

Therefore, individuals who experienced a TBI but did not lose consciousness would not have 

endorsed this question. It is not possible to know whether the associations that we found are 

also true for those with potentially less severe forms of TBI, and this presents an area for 

future research. Second, because of the retrospective and cross-sectional nature of the data, 

temporality and causality between TBI history and the onset of lifetime depression or risk 

behaviors are unknown and cannot be established. This is particularly true for the outcome 

of lifetime depression, for which it cannot be known whether the onset of depression or 

sustaining a TBI came first; this is less true for the risk behaviors that assessed current binge 

drinking, cigarette smoking, and e-cigarette use. Third, these data were collected among 

respondents in North Carolina and may not be generalizable to other US states. However, 

states that also have a BRFSS TBI module, such as Colorado35 and Ohio,31 demonstrate 

similar prevalence estimates. Fourth, there was a high percentage of missing data for the 

lifetime TBI with LOC question (eg, 22% of respondents did not answer the question, N = 

1094). Respondents who did not answer this question compared with those who did were 

different on all demographic characteristics (except for income), as well as reported 

depression and current binge drinking. For example, respondents who had missing data at 
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the time of the survey were more likely to be male, have a college education or higher, and 

report lifetime depression compared with respondents who did answer the self-reported 

lifetime TBI with LOC question. Fifth, the analysis did not measure TBI severity or number 

of TBIs. Future studies may want to examine these measures as well.

CONCLUSION

In this study, a lifetime history of TBI with LOC was significantly more common among 

those who self-reported lifetime depression, current binge drinking, tobacco cigarette 

smoking, and e-cigarette use. Findings from this analysis suggest that monitoring of patients 

with a history of TBI with LOC for the development of substance use problems may be 

beneficial. In addition, healthcare providers can consider screening patients with a lifetime 

history of TBI with LOC for mental health and alcohol misuse problems and provide 

referrals for evidence-based services as needed.
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Figure 1. 
CONSORT flow diagram of the statistical analysis of the respondents from the 2017 North 

Carolina BRFSS. BRFSS indicates Behavioral Risk Factors Surveillance System; TBI, 

traumatic brain injury.
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