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Abstract

Objective—To examine whether experiencing a traumatic brain injury (TBI) on a recent combat 

deployment was associated with postdeployment binge drinking, independent of posttraumatic 

stress disorder (PTSD).

Methods—Using the 2008 Department of Defense Survey of Health Related Behaviors among 

Active Duty Military Personnel, an anonymous survey completed by 28,546 personnel, the study 

sample included 6,824 personnel who had a combat deployment in the past year. Path analysis was 

used to examine whether PTSD accounted for the total association between TBI and binge 

drinking.
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Main Measures—The dependent variable, binge drinking days, was an ordinal measure 

capturing the number of times personnel drank 5+ drinks on one occasion (4+ for women) in the 

past month. TBI-level captured the severity of TBI after a combat injury event exposure: TBI-AC 

(altered consciousness only), TBI-LOC≤20 (loss of consciousness up to 20 minutes), and TBI-

LOC>20 (loss of consciousness greater than 20 minutes). APTSD positive screen relied on the 

standard diagnostic cutoff of 50+ on the PCL-C.

Results—The final path model found that while the direct effect of TBI (0.097) on binge 

drinking was smaller than that of PTSD (0.156), both were significant. Almost 70% of the total 

effect of TBI on binge drinking was from the direct effect; only 30% represented the indirect 

effect through PTSD.

Conclusion—Further research is needed to replicate these findings and to understand the 

underlying mechanisms that explain the relationship between TBI and increased postdeployment 

drinking.
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1. Introduction

The association between posttraumatic stress disorder (PTSD) and unhealthy drinking 

among military personnel has been well studied.1-4 In contrast, research on the relationship 

between combat-acquired traumatic brain injury (TBI) and unhealthy alcohol use among 

military personnel is in early development.5 While recent studies of military personnel 

returning from Operation Enduring Freedom (OEF) and Operation Iraqi Freedom (OIF) 

suggest that TBI is independently associated with unhealthy alcohol consumption after a 

deployment, independent of PTSD,6,7 other studies found that the apparent association 

between TBI and problematic drinking is explained by PTSD.8,9

Reports of at least monthly binge drinking, and heavy drinking (at least weekly binge 

episodes in the past month), are associated with negative drinking-related consequences 

among military personnel, including job-performance problems, driving while under the 

influence, and being hurt in a drinking-related accident.10-13 Unhealthy alcohol consumption 

is associated with combat exposure and deployment.14-17 It has been posited that for some, 

drinking is a learned coping mechanism to self-medicate in response to the stresses of 

combat and to suppress the memories of traumatic events.18-23 Yet, combat alone does not 

explain the historic high levels of drinking among military personnel.22,24,25

While both PTSD and TBI may be risk factors for increased alcohol use among military 

personnel who have served in OEF/OIF, the relationship between these problems is 

complex. Combat-acquired TBI is often experienced during a traumatizing event, such as a 

blast, in which personnel may fear for their own life, witness death or injury to others, or 

experience injuries. The etiology that contributes to a TBI may be the same that contributes 

to the development of PTSD.3,26-30 Hence, it is logical that TBI and PTSD are correlated 

among those returning from OEF/OIF.8,31-34 Studies have found that mild TBI, defined as 
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an alteration or loss of consciousness of up to 30 minutes after an injury event,35,36 may 

increase the likelihood of developing PTSD,31,37 or complicate recovery from PTSD.38 One 

study of 52 OEF/OIF veterans found that PTSD severity was related to underlying structural 

brain changes revealed through anatomical magnetic resonance imaging (MRI) and 

diffusion tensor imaging (DTI) scanning of the brain, rather than clinical diagnoses of mild 

TBI, suggesting a biological model.39 Further, the presence of PTSD among military 

personnel with a TBI may exacerbate or prolong the occurrence of TBI symptoms.3,40 While 

many with combat-acquired TBI do not experience long-term cognitive impairment,41 

others do report ongoing postconcussive symptoms.42 Among those with comorbid TBI and 

PTSD, it may be difficult to identify the source of postconcussive symptoms since both 

problems have symptoms in common (i.e., insomnia, irritability).29,43-45

The purpose of this study is to use path analysis to delineate the relative contributions of 

TBI and PTSD to postdeployment binge drinking among active duty personnel returning 

from a past year combat deployment. This study builds on prior analysis with a similar study 

population that used multivariate logistic regression.6 We hypothesize that both TBI and 

PTSD are associated with binge drinking and that experiencing a TBI is independently 

associated with increased binge drinking days. Support for the hypothesis will be inferred if 

both TBI and PTSD have a significant direct effect on binge drinking days in the path 

model. Research that informs our understanding of risk factors for unhealthy alcohol 

consumption is an important public health topic with implications for the wellbeing and 

readiness of the Armed Forces. Better understanding of the complex relationship of TBI and 

PTSD in relation to unhealthy drinking is critical information for the Department of Defense 

(DoD) and the Veterans Administration (VA).43

2. Method

2.1 Data Source

The 2008 Department of Defense Survey of Health Related Behaviors among Active Duty 

Military Personnel (HRB Survey) is an anonymous, population-based assessment of the 

active duty component of the U.S. military.24 The survey was completed by 28,546 military 

personnel from all service branches between May-June of 2008, utilizing a dual-mode 

administration to capture the worldwide distribution of the U.S. Armed Forces. The 

respondent sample was weighted to reflect the composition of the active duty military. 

Details of the stratified multi-stage sampling design, data collection methods, and the 

procedure for calculating weights have been published elsewhere.46 For more detail, see the 

supplemental digital content.

The HRB Survey was conducted with approval by the DoD/DHA and RTI International 

Institutional Review Boards. This study was conducted with approval from Brandeis 

University's Committee for Protection of Human Subjects, and the Human Research 

Protection Program at the OASD/DHA at the DoD. The DHA Privacy and Civil Liberties 

Office executed a Data Sharing Agreement for use of the 2008 HRB Survey public-use file 

to ensure compliance with DoD privacy and security regulations.
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2.2 Analysis Sample

To examine the hypothesis, we selected from all HRB respondents those who reported being 

on a combat deployment during the past 12 months, allowing us to identify those with a 

recent combat-acquired TBI as well as postdeployment drinking behaviors. Of all 

respondents, 7,169 met these criteria and 354 were excluded because they did not complete 

necessary information on binge drinking. The final study sample was 6,824.

2.3 Measures

The HRB survey includes items on drinking behaviors, as well as measures of 

demographics, deployment history, combat exposure, psychological health issues, and TBI 

screening questions.

2.3.1 Past Month Binge Drinking Days (Dependent Variable)—Binge drinking 

days was assessed on the HRB Survey by asking respondents on how many days in the past 

30 days (month) they drank five or more drinks on the same occasion, or four or more for 

women, consistent with guidelines from the National Institute on Alcohol Abuse and 

Alcoholism.47 Based on the response categories, we constructed an ordinal measure to 

capture maximum variation for the number of past month binge drinking days: 0) non-

drinkers, 1) no binge drinking, 2) once a month, 3) 2-3 days a month, 4) 1-2 days a week, 5) 

3-4 days a week, 6) 5-6 days a week, and 7) daily. Respondents that either left the question 

blank, or were logically assigned as drinkers in the past month with level unknown, were 

coded as missing.

As an alternative representation of unhealthy drinking behavior, we constructed a variable 

using the Alcohol Use Disorders Identification Test (AUDIT) which uses 10 questions 

(score range of 0-40) to identify hazardous drinkers (score 8-15), harmful drinkers (score 

16-19), and those at risk for possible alcohol dependence (score of 20-40).48 Because of the 

AUDIT's known psychometric properties,48 we examined the correlation of the AUDIT 

score and binge drinking days to establish the construct validity of the binge drinking days 

measure.

2.3.2 Traumatic Brain Injury-level—The HRB survey asked respondents, “During your 

last deployment, did you experience any of the following events? - blast or explosion (IED, 

RPG, land mine, grenade, etc.); vehicular accident/crash (any vehicle, including aircraft); 

fragment wound above the shoulders; bullet wound above the shoulders; fall; or other.” This 

was followed by a question to establish whether the definition of TBI is satisfied, and if so, 

at what level, “Did any injury you received while on your last deployment result in any of 

the following? – lost consciousness or got “knocked out” for less than a minute; lost 

consciousness or got “knocked out” for 1 to 20 minutes; lost consciousness or got “knocked 

out” for more than 20 minutes; felt dazed, confused, or “saw stars;” didn't remember the 

event; had a concussion of symptoms of a concussion; or had a head injury.”

Based on positive responses to these two items, excluding self-report of concussion or head 

injury because they require a clinical interview, we constructed a 4-level TBI variable 

guided by the Ohio State University TBI Identification Method:49 1) altered consciousness 
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(AC) but no actual loss of consciousness (LOC) (TBI-AC), 2) LOC up to and including 20 

minutes (TBI-LOC≤20), or 3) LOC of more than 20 minutes (TBI-LOC>20). When the 

level of TBI might derive from multiple reports of alterations or loss of consciousness, the 

resulting TBI classification was based on a hierarchy with TBI-LOC>20 having precedence 

over TBI-LOC≤20, which in turn had precedence over TBI-AC. The reference group (no 

TBI) was comprised of either those with no exposure to an injury event, or those with 

exposure but no self-reported AC or LOC. Self-reported TBI is based on the respondent's 

most recent deployment, because TBIs that occurred on prior deployments or during non-

deployment periods were not queried on the HRB instrument. TBI-level was defined with 

self-report elicited by the HRB survey and does not represent a clinical diagnosis or 

observed event.

The TBI screening items on the HRB survey are based on the Brief Traumatic Brain Injury 

Screen (BTBIS),50 consistent with other military studies conducted at the time of the 2008 

HRB survey development,32,51 and similar to those used by the DoD in its routine 

postdeployment health assessments.52 Because the HRB Survey TBI screening questions 

were modeled after the BTBIS, there was insufficient information to code TBI-level using 

the American Congress of Rehabilitation Medicine's definition, which defines a mild TBI as 

an AC or LOC of up to 30 minutes.35 Therefore, the TBI-LOC>20 group may include an 

unknown number of respondents who experienced a moderate or severe TBI.

2.3.3 Posttraumatic Stress Disorder (PTSD)—Current posttraumatic stress disorder 

was assessed using the PTSD Checklist-Civilian (PCL-C), which assesses the presence of 17 

symptoms over the previous 30 days, which trace to trauma events during military or non-

military experiences. The validated standard diagnostic cutoff score of 50 or greater was 

used to classify a positive screen for current PTSD.53,54

2.3.4 High Lifetime Combat Exposure—Lifetime combat exposure was assessed with 

17 questions modified from the Deployment Risk and Resilience Inventory (DRRI)55 about 

different combat experiences including, but not limited to, witnessing or handling dead 

bodies, witnessing members of a unit being killed, firing a weapon upon the enemy, caring 

for injured/dying people, or being injured in combat. Respondents reported the number of 

times (0, 1-3, 4-12, 13-50, or 51+) they experienced each of the 17 items on all previous 

deployments. A summary score was calculated for the 17 items based on the following 

values: 4=51+, 3=13-50, 2=4-12, 1=1-3, and 0=0. We classified respondents as reporting 

high lifetime combat exposure based on a dichotomous variable of those with a summary 

score of 10+.46,56 Subsequent factor analyses of the combat exposure items confirmed that 

this scoring cut point correctly classified respondents as having high combat exposure.

2.3.5 Pay-grade – Enlisted/E1-E6—We constructed a dichotomous variable 

characterizing those who were junior enlisted personnel at the E1/E6 levels compared to all 

other pay-grades (senior enlisted and officers) as a covariate in this analysis. Because pay-

grade was correlated with age and education level, we could not use all characteristics due to 

their multicollinearity. We opted to use pay-grade because it is a measure of socioeconomic 

status, is commonly used in military studies, and provides policy-relevant information for 

military leadership.
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2.4 Analysis

All analyses were based on weighted data to account for the complex sampling design of the 

HRB Survey. Table 1 shows the distributions of average AUDIT scores within separate 

intervals of the dependent variable, past month binge drinking days, using a Bonferroni 

correction to assess for multiple comparisons. Table 2 in the digital supplemental content 

includes the correlation matrix for the variables included in the path analysis model.

Path analysis was performed to model the effects of independent variables and covariates to 

predict past month binge drinking days. The independent variables and covariates were 

selected according to theory, time precedence, and prior research.23,57 Path correlation 

coefficients, including direct, indirect, and total effects, were estimated in standardized form 

to facilitate comparisons among paths. A recursive path analysis model was estimated, 

implying that the paths, and presumed causes, were in one direction only without any 

feedback loops in the model.57 Assessment of model adequacy and choice of models from 

alternative specifications were based on the standardized root mean squared residual 

(SRMR), using the criteria that a good fit is indicated by a value under 0.08;58 the 

coefficient of determination (CD) or overall R2 for the model, in which a larger CD 

indicates a better explanatory model. Both tests represent the variance in the dependent 

variable explained by the set of independent variables in the model.57 Additional fit statistics 

that rely on a true log-likelihood were not available because we were using weighted 

complex survey data, which relies on a pseudo log-likelihood.

Path analysis limits itself to the structural equation and determines relationships among 

observables. We did not use full structural equation modeling (SEM), which poses 

corresponding measurement equations to account for how well observed measures (e.g., 

TBI, PTSD) reflect their underlying concepts. Given the size of our sample and the potential 

multicollinearity among concepts, path analysis was considered appropriate for a first 

modeling effort.

We conducted post hoc sensitivity analyses to better understand the results of the analysis, 

which included estimation of an additional path model with total AUDIT score as the 

dependent variable. To the extent that the results of these additional path models confirm our 

main results, they provide evidence of their robustness. All analyses were conducted in 

STATA 12 using its set of survey (svy) commands to account for weighted data and 

stratification, and maximum pseudolikelihood estimation for path analysis.59

3. Results

3.1 Sample Characteristics

The study population (N=6,824) was comprised of mostly males (88.8%), White/non-

Hispanics (63.6%), those who were married/living as married (61.4%), with less education 

than a college degree (80.7%), and an average age of 28.5 years. In terms of military 

characteristics, the majority was enlisted personnel/E1-E6 (75.2%), with just over half 

(55.1%) having had two or more combat deployments since September 11th, 2001, and 

39.9% reporting high lifetime combat exposure. The majority were in the Army (37.3%) and 

the Navy (27.0%). Over one-tenth (13.4%) had a positive screen for past month PTSD. 
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Overall, 14.0% of the study population reported experiencing a TBI during the most recent 

deployment. The most common type of TBI was TBI-AC (7.6%), followed by TBI-LOC≤20 

(4.9%), and TBI-LOC>20 (1.5%). Among those with TBI, 82.6% reported an injury event 

that included a blast or explosion, with the majority of those individuals (84.8%) reporting 

both a blast or explosion and another injury event (i.e, a fall) (data not shown).

3.2 Binge Drinking Days and Total AUDIT Score

As described in Table 1, the majority of the sample consists of current drinkers in the past 

30 days (81.6%). The average AUDIT score was 6.6 (CI 6.0-7.1) and the range was 0-40 

(data not shown). The majority of the study sample reported some binge drinking (53.7%); 

among current drinkers the percentage was 62.0%. Further, 23.4% of the study sample 

(29.1% of current drinkers) reported frequent binge drinking, defined as binge drinking at 

least weekly. Over 6% of the study sample reported binge drinking at extremely high 

frequency, 5-6 days per week (2.4%) or daily (3.7%).

Table 1 demonstrates the strong correlation between the constructed binge drinking days 

measure and total AUDIT score. For each successive category of binge drinking days, the 

average total AUDIT score increased. All differences between adjacent categories of binge 

drinking days had significantly different average AUDIT scores at the p<.05 level. 

Respondents who reported not drinking at all in the past month, reported a very low AUDIT 

score (under 1), likely reflecting drinking that occurred in the past year but prior to the past 

month. Current drinkers, who had no binge days, as well as those who reported binge 

drinking once or 2-3 days per month, had average AUDIT scores below the hazardous 

range. Current drinkers, who reported binge drinking at least weekly, averaged scores in the 

hazardous range or above, and those who reported binge drinking daily often had scores 

indicating possible alcohol dependence.

3.3 Bivariate Associations among Variables

With the exception of the relationship between high lifetime combat exposure and E1/E6 

pay-grade, all correlations in the matrix were significant at the p≤.01 level. The two 

strongest associations involved the variable for TBI-level, which had a .373 correlation with 

high lifetime combat exposure and a .317 correlation with a positive PTSD screen (see Table 

2 in the digital supplemental content). In path analysis it is common, indeed expected, that 

the variable of interest will have significant correlation with other variables in the model. It 

is through such relationships that the total effect of the variable on the outcome will come to 

differ from the direct effect.

3.4 Path Analysis Results

The initial path model (data not shown) included all variables, as well as paths from E1/E6 

to all other measures in the model (R2=0.04, SRMR=0.00). Because the correlations 

between E1/E6 and the three independent measures in the model were low, as depicted in 

Table 2, these three paths were omitted from the final model.

Figure 1 depicts the final path model with direct effects displayed as standardized 

correlation coefficients. All direct, indirect, and total effects were statistically significant at 
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the p≤.01 level (SRMR=0.04, R2=0.18). The direct effect of TBI-level on binge drinking 

days was 0.097 and the direct effect from PTSD on binge drinking days was 0.156. High 

lifetime combat exposure and enlisted E1/E6 personnel also had significant direct effects, 

0.091 and 0.143 respectively. The total effect of TBI-level on binge drinking days was 

0.139. Of this total effect, 69.4% was accounted for by the direct effect, with the indirect 

effect through PTSD accounting for the remaining 30.6%. The largest total effect from any 

variable was from lifetime combat exposure (0.161) with contributions of the indirect paths 

through PTSD and TBI, as well as the direct effect (0.067). PTSD (0.156) and E1/E6 (0.143) 

had total effects similar to TBI-level.

While not the main focus of this study, the path model also revealed that TBI-level had a 

larger direct effect on PTSD (0.273) than the direct effect from lifetime combat exposure to 

PTSD (0.118). Nonetheless, the total effect of lifetime combat exposure on PTSD (0.220) 

was close to that of TBI-level on PTSD (0.273), because of the indirect effect of combat 

exposure to PTSD through TBI-level (0.102).

The post hoc sensitivity analyses provide confirmatory evidence to the main results of the 

path analyses, as shown in Figure 2(R2=0.18, SRMR=0.3).The total effects on total AUDIT 

score of most independent variables were higher than on binge drinking days: TBI-level 

(0.180 vs. 0.139), PTSD (0.208 vs. 0.156), high lifetime combat exposure (0.158 vs. 0.161), 

and E1/E6 (0.157 vs. 0.143).

4. Discussion

While previous studies have examined the relationship between combat-acquired TBI and 

PTSD,31,38,60,61 as well as the role of risk factors, including TBI, for unhealthy alcohol use 

among military personnel,6,8,14,62,63 this study is significant because, to our knowledge, it is 

the first to test a theoretical model using path analysis techniques to assess direct and 

indirect associations of TBI and PTSD on postdeployment alcohol use. This study is 

strengthened by the use of a population-based survey of all active duty military, the 

anonymous nature of the survey when assessing sensitive behavioral health issues,64 and the 

use of a hierarchal variable that captures variation in severity of TBI-level.

The final path model confirms the study hypothesis that both TBI and PTSD have direct 

effects on past month binge drinking days. The direct effect of TBI (0.097) was somewhat 

smaller than the direct effect from PTSD to binge drinking days (0.156); yet, the direct 

effect of TBI on binge drinking days was almost 70% of the total effect, with the remaining 

30% from an indirect effect through PTSD. High lifetime combat exposure also had a total 

effect on binge drinking days comparable to those of TBI and PTSD, suggesting that there 

may be a cumulative effect of overall combat exposure contributing to unhealthy alcohol 

consumption among military personnel. As enlisted personnel (E1/E6) are also younger 

compared to those at higher pay-grades, the finding that they constitute a risk group for 

increased binge drinking days is expected because of younger age. Further, because officers 

and senior enlisted personnel have commanding responsibilities, and may consequently face 

more severe repercussions for misconduct compared to junior enlisted personnel, being from 

a higher pay-grade may serve as a deterrent for binge drinking.
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This study also revealed the relative contributions of TBI and lifetime combat exposure on a 

past-month positive screen for PTSD. Our final path model showed that the total effect of 

lifetime combat exposure on PTSD was 0.273, with a little more than half of the association 

accounted for by a direct effect, and the other 46.3% from the indirect paths through PTSD 

or TBI-level.

This study was conducted to explore previous findings based upon multivariate logistic 

regression models which found that personnel with TBI had increased odds of frequent 

binge drinking (at least weekly) compared to those without a TBI.6 This path analysis 

explores the possibility that the effect of TBI on binge drinking is further explained by an 

indirect effect through PTSD, and that TBI and PTSD are not independent of one another, as 

well as other covariates in a path model. Both studies rely on cross sectional data, limiting 

the ability to draw causal inferences, yet the path nature of the model does suggest that TBI 

might be an independent driver of unhealthy alcohol use. These findings are in contrast to 

those found by Polusny et al.,8 which showed that among National Guard Army personnel 

from one brigade combat team returning from Iraq, the association between TBI and 

problematic drinking (using AUDIT score) became insignificant after controlling for PTSD. 

Further studies are needed to explore this relationship.

We can only speculate as to why having experienced a TBI may increase the frequency of 

unhealthy binge drinking postdeployment. One theory is that having experienced a TBI 

while deployed is a stressful combat injury in which drinking may be used to self-medicate 

from any unmeasured factors associated with TBI postdeployment.23 Similarly, TBI may 

lead to somatic pains that lead to excessive alcohol use.65 Another theory is that damage to 

the frontal circuits during a TBI may disrupt executive functions, such as emotional and 

behavioral self-regulation, increasing the potential to drink with less inhibition.65,66 

Disinhibition could affect either the desire to drink or the amount consumed in a session of 

drinking.

We made several choices to strengthen the study design. The selection of the study sample 

and the HRB items ensured that personnel were reporting on a recent combat deployment 

with a probable TBI that would have occurred while deployed, thus before any self-report of 

binge drinking days in the past month. This supports the temporal precedence of our path 

model, a key condition of path analysis methods.57 Even though path analysis techniques 

allowed us to conduct simultaneous and sequential theorized regressions, and by design the 

TBI reported occurred during the previous combat deployment, we still do not know 

whether any ongoing symptoms or problems may be a result of the TBI or PTSD.29,43-45 

Thus, if personnel are self-medicating with alcohol it is difficult to determine the source of 

this need to self-medicate. This is a limitation in military studies and one that is inherently 

hard to disentangle, particularly when relying solely on self-report and cross-sectional 

data.67

This study was also limited by our reliance on self-report of sensitive drinking behaviors, 

which may lead to biased responses; however, this may have been reduced due to the 

anonymous nature of the HRB survey. Further, we do not know history of drinking prior to 

joining the military, or before the TBI, and if drinking prior to a TBI may make someone 
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more vulnerable to unhealthy drinking post-injury. Personnel that served in OEF/OIF who 

return with co-occurring mild TBI and PTSD often have other comorbid conditions, 

including pain and sleep disturbances not measured in this study.68-70 Additionally, we do 

not capture those personnel who may have separated from the Armed Forces or been 

dishonorably discharged within the past year. All of these omitted variables could be 

explored in future studies.

This study relies on retrospective self-reported TBI rather than a clinical diagnosis which 

may introduce false positives,71 yet this is a limitation of most studies of combat-acquired 

TBI,31,51 and personnel were reporting on events that occurred during their most recent 

deployment in the past year, helping to reduce recall bias. We do not know lifetime history 

of TBI, how many TBIs may have occurred on the most recent deployment, or how much 

time had elapsed since a prior TBI and the most recent one reported, all of which may 

complicate recovery from the current TBI.72-75 Lifetime TBI may be of particular 

importance in this population, as one study of 377 personnel medically evacuated from OEF 

in 2010 found that 70% reported experiencing at least one concussion before their medical 

evacuation.76 Similarly, we do not know prior history of PTSD. Also, the HRB survey did 

not allow us isolate those personnel that experienced an injury on their most recent 

deployment, which would have been a useful comparison group to those with probable 

TBI.77

Because the response categories for TBI were modeled after the BTBIS, one response 

category on the instrument was an “LOC of 20 minutes or greater,” and therefore did not 

allow us to isolate moderate or severe TBIs from mild TBIs, routinely defined as up to 30 

minutes.35 However, many personnel with more severe TBI and other injuries were likely 

medically evacuated or still in rehabilitation and therefore less likely to be eligible for the 

HRB survey at the time it was administered. Also modeled after the BTBIS, the wording of 

the TBI items on the HRB survey did not ask that the “definitional symptoms of TBI” (i.e., 

altered consciousness, lost consciousness) have occurred in relation to any injury event 

reported in the previous question (i.e., blast). This raises the possibility that there may have 

been some false positives in our TBI group; however, by definition any loss of 

consciousness would be considered a TBI, thus this would only raise concerns in the TBI-

AC group.78 Further, more examination of the BTBIS's reliability and validity is needed.79

Path models are designed to estimate the indirect effect of one variable acting through 

another. Since the goal is to determine the full contributions of all variables in the model, 

path models are generally constructed to be as parsimonious as possible. As a result, 

important variables may inadvertently be omitted and thereby bias the estimates of effects, 

both direct and indirect. Since our path model included important covariates of prior 

analyses,6 we hope that we have not overlooked omitted variables, but there is always the 

possibility. Further, even though the R2 for the final path model appears low(0.18), this is 

likely adequate when the dependent variable is measuring person-level behaviors.

4.1 Implications and Conclusions

On September 18th, 2012, the DOD issued DoD Instruction 6490.11, replacing the 

Directive-Type Memorandum 09-033 created in June 2010,80 to establish policies, 
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procedures, and responsibilities for management of mild TBI in deployed settings.81 This 

policy reflects a shift to incident-based screening for personnel involved in a potentially 

concussive event, removing the burden to seek help from personnel themselves.82 This 

intervention may provide an opportunity for a targeted prevention effort. It would be useful 

to replicate this study after the implementation of this policy because we would expect the 

long-term symptoms associated with TBI to decrease if more personnel who experienced a 

TBI while deployed are given mandatory rest immediately after the event.83

Studies have shown that PTSD is a risk factor for unhealthy alcohol consumption among 

military personnel and veterans.1-3 This study extends that knowledge and suggests that 

experiencing a combat-acquired TBI is also a risk factor for increased binge drinking among 

military personnel postdeployment. Thus, it is important for the DoD to continue conducting 

preventive screening assessments for TBI and PTSD, both in deployed settings and 

postdeployment, and to implement evidence-based screening and brief interventions for 

problem alcohol use to those with either or both conditions.22,84,85 Future studies should 

examine if these evidence-based methods of screening and brief intervention need to be 

tailored to the distinct needs of those with TBI and/or PTSD.86 Personnel, who experienced 

a TBI, or those with a history of alcohol use-related problems, should be identified as 

particularly vulnerable to high-risk drinking, and provided with ongoing clinical 

interventions continuing throughout the risky postdeployment months. More research is 

needed with longitudinal data to better understand the relative associations of TBI and PTSD 

with unhealthy alcohol consumption.
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Figure 1. Final Path Model to Predict Binge Drinking Days among Active Duty Military 
Personnel Returning from a Past Year Combat Deploymenta, b, c

a Path coefficients report direct effects and are displayed in standardized format.
b All direct, indirect, and total effects were statistically significant at the p≤.01 level.
c Some participants did not complete all relevant questions.
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Figure 2. Sensitivity Analysis - Path Model to Predict Total AUDIT Score among Active Duty 
Military Personnel Returning from a Past Year Combat Deploymenta, b, c

Abbreviations: AUDIT score = total AUDIT score (0-40)
a Path coefficients report direct effects and are displayed in standardized format.
b All direct, indirect, and total effects were statistically significant at the p≤.01 level.
c Some participants did not complete all relevant questions.
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Table 1
Average AUDIT Score (0-40) of Active Duty Military Personnel Returning from a Past 

Year Combat Deployment, by Binge Drinking Level, (N=6,824)a, b

Total Study 
Sample, 

Unweighted N Unweighted Percentages Weighted Percentages
Average AUDIT Score, 95% 

CI c (N=6,234)

Binge Drinking Days, past 30 
days

 Non-Drinker 1,340 19.6% 18.4% 0.4 (0.3 – 0.6)

 Drinker, no binge days 2,084 30.5% 27.9% 3.2 (3.1 – 3.3)

 Once per month 897 13.1% 13.1% 5.5 (5.0 – 6.0)

 2-3 days per month 906 13.3% 13.8% 7.8 (7.4 – 8.3)

 1-2 days per week 836 12.3% 13.9% 10.9 (10.5 – 11.3)

 3-4 days per week 412 6.0% 6.8% 13.3 (12.7 – 14.0)

 5-6 days per week 142 2.1% 2.4% 16.4 (14.8 –18.0)

 Daily 207 3.0% 3.7% 20.1 (19.0 – 21.2)

Abbreviations: CI, confidence interval; AUDIT, Alcohol Use Disorders Identification Test.

a
AUDIT assessment reflects past year and binge drinking days reflects past 30 days.

b
All differences between adjacent categories of binge drinking days had significantly different average AUDIT scores at the p<.05 level.

c
590 sample participants did not answer all relevant questions for the AUDIT and therefore were excluded from this bivariate analysis. Sums may 

not add to 100% due to rounding.
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