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The Health Effects of Deployment Frequency and Duration  

in US Military Service Members Supporting the Global War on Terrorism 

 

by 

 

Besa Smith 
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University of California, San Diego, 2007 

San Diego State University, 2007 

 

Professor Deborah L. Wingard, Chair 

 

In response to the threat of global terrorism, operational units deploy more quickly 

world-wide than in military conflicts of the past.  As a result, service members are 

deploying multiple times to Iraq and Afghanistan in support of the Global War on 

Terrorism (GWOT).  Stress of deployment may prompt coping mechanisms such as 

smoking, and may affect mental and functional health.  The purpose of this dissertation 

was to investigate the effects of multiple deployments and other extreme deployment 
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experiences on the postdeployment health of service members supporting GWOT.  

Analyses in this dissertation utilized data from the Millennium Cohort Study, which 

enrolled over 77,000 service members between July 2001 and June 2003.  Self-reported 

deployment history was compared with military electronic records for over 55,000 

participants who completed a follow-up questionnaire between June 2004 and February 

2006.  Agreement was substantial for deployment status, frequency, and number of 

deployments (kappa = 0.81, 0.71, and 0.61 respectively).  No clinically meaningful 

differences in functional health for the small proportion with inconsistent deployment 

information were observed.  Based on these findings, electronic military deployment data 

were used for the prospective evaluations of deployment and smoking and deployment 

and functional health.  Smoking increased 43.8% among nondeployers and 55.6% among 

deployers.  In multivariable logistic regression, past smokers were 35 times more likely to 

smoke at follow-up than never-smokers (odds ratio, 35.3; 95% confidence interval, 31.8-

39.3).  Those who deployed multiple times, > 9 months, or deployed with combat 

exposures were at greater risk for smoking uptake.  On average, mental and physical 

functioning scores decreased significantly among participants who deployed > 9 months 

or were deployed with combat exposures.  Extreme deployments, including multiple 

deployments, deploying longer than 9 months, and deploying with combat exposures 

were consistently associated with smoking uptake, smoking relapse, and small 

decrements in mental and physical functioning, though functional health scores were 

remarkably consistent.  Service members, however, may manage the stress of deployment 

by using various coping mechanisms which may have detrimental health consequences.  



xix

Increased smoking rates unquestionably imply future long-term morbidity, underscoring 

the importance of smoking prevention and cessation programs targeted towards deployed 

military personnel. 
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INTRODUCTION 

The US war-fighting unit, through advances in technology and the ease of 

modern-day travel, has greatly evolved from the era of multi-year single deployments.1, 2 

In response to the threat of global terrorism, today’s operational unit is smaller, more 

readily mobile, and deploys more quickly to regional hot-spots world-wide.3, 4 As a 

result, today’s fighter is more likely to deploy multiple times than those who served in 

WWI through the Korean War, who were more likely to deploy once and remain for the 

duration of the war.  In Vietnam, the majority of deployments were single “tours” 

generally lasting one year that comprised the more than 10 years of US combat 

involvement.  In contrast, the 1991 Gulf War was the shortest full-scale war in US history 

where ground combat operations were completed within 5 days following aerial assault.5

The 1991 Gulf War ushered in a new way of fighting wars and began the shift to a 

smaller more technically advanced US military.2 More forces, however, are deploying for 

longer periods to Iraq and Afghanistan, which comprise much of what is currently 

considered as the Global War on Terrorism (GWOT).  

Research investigating the health of military members after deployment has 

suggested that increased symptom reporting may be due, in part, to sudden and prolonged 

deployment, separation from family or home, frequent family dislocation, and a number 

of personal stress factors.6-8 Combat and peace-keeping missions in Somalia, Southwest 

Asia, Bosnia, and Kosovo during the 1990s found US military members deploying more 

frequently than of operations in the past.  However, little research has been done to 

investigate the effect multiple deployments may have on the short and long-term health of 
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service members after returning from deployment.  Additional deployment related factors 

may play an integral role in the effect deployment has on the health of service members.  

Those who deploy multiple times, individuals deploying for an unusually short amount of 

time, or an excessively long period of time, may be at increased risk for detrimental 

health behaviors and poorer mental or physical health.  Likewise, those who deploy, 

return home only to be redeployed a short time later may also be at risk for negative 

health outcomes.  

Some research has been done using self-reported deployment data to investigate 

postdeployment health.9-12 The majority of research following the 1991 Gulf War, 

however, used electronically maintained data created from combat zone pay files as well 

as some unit reporting to establish deployment rosters consisting of nearly 700,000 

service members.  While some personnel attest to having deployed who are not indicated 

as such electronically, others are electronically indicated as having deployed and assert 

that they did not deploy.13 The general belief following the 1991 Gulf War was that 

electronically maintained deployment data were between 90 and 95 percent accurate.9

These deployment data, however, became temporarily unavailable for security reasons 

following the attacks of September 11, 2001.  This restriction put some research efforts 

on hold, and compelled other investigators to turn to self-reported deployment histories.  

The validity of self-reported deployment data remains largely unknown, and no large 

scale attempt to measure the accuracy of these data has been reported.  Comparing 

deployment data maintained by the service branches and the Department of Defense 

following release of the temporarily restricted data, with self-reported deployment 
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histories could provide valuable insight into the strengths and limitations of self-reported 

and electronically maintained deployment data.  The first objective of this dissertation is 

to conduct a large population-based comparison of self-reported deployment data from 

the Millennium Cohort Study with Department of Defense electronic deployment data.  

Agreement on whether the service member deployed, how many times they deployed, and 

when they deployed are assessed.  In addition to reporting agreement between the two 

data sources, baseline measures of mental and physical health by level of concordance are 

described.  Characteristics of those for whom deployment sources are in disagreement are 

explored. Understanding the finer points of these data will be important to researchers 

investigating the postdeployment health of US military service members (Chapter 2).  

Various coping behaviors are used in response to stressful experiences.  Smoking 

has been shown to be a strong coping mechanism, with individuals reporting chronic and 

acute stress more likely to smoke and less likely to achieve successful abstinence.14, 15 

Studies have shown higher rates of tobacco use by those in stressful occupations than by 

the general population.16, 17 It is therefore not surprising that occupational stress related 

to military service has also been shown to be a strong predictor for both cigarette smoking 

and nicotine dependence.18, 19 Similar to coping mechanisms used in response to 

occupational and other stressful life experiences, response to deployment stress may 

manifest in different coping behaviors such as changes in smoking, alcohol, and other 

drug use.  A recent cross-sectional study reports that nearly 40 percent of troops returning 

from deployments to Iraq and Afghanistan smoked at least a half a pack of cigarettes per 

day.20 Almost 50 percent of the smokers either started smoking or resumed smoking 
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during the deployment.  The second objective of this dissertation is to prospectively 

investigate new-onset smoking among never smokers, smoking resumption among past 

smokers, and changes in quantity of daily smoking among smokers by deployment status 

in support of GWOT.  Additionally, the effects that multiple deployments and extreme 

deployments have on smoking status are assessed (Chapter 3). 

Research efforts to investigate service members’ health in relation to deployment 

have followed nearly every modern day military conflict. Research after the 1991 Gulf 

War has suggested risk for anxiety disorders, cognitive dysfunction, lower functional 

status and health related quality of life among Gulf War deployers when compared to 

those not deployed during the same era.10, 12, 21-27 Service members returning from 

current conflicts in Iraq and Afghanistan may also  have significant mental health 

morbidity.28, 29 Among a cohort of Army personnel, research suggests soldiers may be at  

increased risk for neuropsychological compromise after deployment.30 While little 

research has been done to investigate extreme deployments and the effect these 

experiences may have on mental and physical health, deployment length has been 

associated with distress.  Specifically, longer deployments were associated with an 

increase in distress scores among male soldiers.31 Still it is unknown whether those who 

deploy multiple times are more likely to report lower functional status or mental health 

problems, or conversely whether this subpopulation of deployers represents the healthiest 

of those deployed.  The third objective of this dissertation addresses these questions 

(Chapter 4). 
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In summary, data from the Millennium Cohort Study (Chapter 1), is used to 

investigate three objectives in this dissertation: 1) to compare self-reported and electronic 

deployment data and explore differences in functional health by level of agreement 

between data sources (Chapter 2), 2) to prospectively describe new or resumed smoking 

among nonsmokers and change in daily smoking among smokers, in relation to 

deployment in a large population-based military cohort with special examination of the 

effects of extreme deployments (Chapter 3), and 3) to prospectively investigate the 

mental and physical health pre and post-deployment of a large population-based US 

military cohort with special examination of the effects of extreme deployments.   
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CHAPTER 1 
 

Millennium Cohort: Enrollment Begins a 21-year Contribution to Understanding the 

Impact of Military Service 
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CHAPTER 2 

US Military Deployment to the Global War on Terrorism:  

Comparison of Subjective and Objective Data Sources in a  

Large Prospective Health Study 
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ABSTRACT 

 Purpose: Studies researching service members’ health postdeployment have relied 

on self-reported deployment history, though validity of these data remains unknown. This 

study compared self-reported and electronic deployment data and explored differences in 

functional health. 

 Methods: Self-reported and military deployment data were compared for over 

51,000 participants enrolled in the Millennium Cohort Study (2004–2006). Kappa 

statistics were used to measure agreement. Analysis of variance was used to assess 

functional health, as measured by the Medical Outcomes Study Short Form 36-Item 

Health Survey for Veterans (SF-36V). 

 Results: Of 51,741 participants who completed the initial deployment question, 

objective records and self-report agreed in 47,355 (92%). Agreement was substantial for 

deployment status, frequency, and number of deployments (kappa = 0.81, 0.71, and 0.61 

respectively). Deployment start dates agreed within 1 month for 82% of participants 

confirmed as deployed once. Participants’ Mental and Physical Component Summary 

scores from the SF-36V did not differ by agreement level. 

 Conclusions: These findings indicate substantial agreement between self-reported 

and objective deployment information and no clinically meaningful differences in 

functional health for the small proportion with inconsistent deployment information. 

These findings should be reassuring to investigators who examine military deployment as 

a determinant of future health. 

 



23

Keywords: health status, health surveys, military medicine, military personnel, veterans 

 

Abbreviations and Acronyms 

DMDC, Department of Defense Manpower Data Center; DoD, Department of Defense; 

GWOT, Global War on Terrorism; MCS, Mental Component Summary; PCS, Physical 
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INTRODUCTION 

 Every major and minor military conflict has historically been accompanied by a 

research effort to investigate exposures that may have compromised service members’ 

health. The current US military engagements in Afghanistan and Iraq, sometimes referred 

to as the Global War on Terrorism (GWOT), are no exception. 

Research in the remote past has been based primarily on self-reported deployment data 

(1-4). Much of the research after the 1991 Gulf War, however, used electronically 

maintained personnel deployment data created from combat zone pay files and service 

branch reporting. Anecdotes from some personnel attesting to be deployed but not 

indicated as such in electronic personnel records, as well as a small number who deny 

deployment despite objective records, have added to the general belief that 1991 Gulf 

War electronically maintained deployment data are approximately 95% accurate (4). 

Following the attacks of September 11, 2001, military deployment information was 

restricted for reasons of security, putting some research efforts on hold and compelling 

investigators to turn to self-reported deployment histories. Little is known regarding the 

validity of these data and no large-scale attempt to measure the accuracy of these data has 

been reported. 

 Understanding the strengths and limitations of self-reported deployment history 

and Department of Defense (DoD) electronically maintained deployment data is 

important to researchers investigating service members’ health postdeployment. The 

purpose of this study was to conduct a large population-based comparison of self-reported 

deployment data from the Millennium Cohort Study with DoD electronic deployment 
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data. The latter have recently become available to researchers investigating deployment 

health-related issues. Additionally, baseline measures of functional health, by level of 

agreement on deployment history, are described. 

 
METHODS 
 
The Millennium Cohort Study 
 

The Millennium Cohort Study, launched in 2001, is the largest longitudinal study 

ever undertaken by the DoD. The purpose of the study is to evaluate risk factors related to 

military service that may be associated with long-term health outcomes. A detailed 

description of the methodology of this study has been reported elsewhere (5, 6). Briefly, 

invited participants were from a stratified random sample of the 2.3 million US military 

personnel serving on active duty or in the Reserves or National Guard in October 2000. 

Women, those with past deployment experience, and members of the Reserve or National 

Guard were oversampled. There were 77,047 members who completed a baseline 

questionnaire between 2001 and 2003. The current study used a subset of the 55,021 

participants who completed the first follow-up questionnaire between 2004 and 2006 in 

addition to their baseline questionnaire between 2001 and 2003. 

 The Medical Outcomes Study Short Form 36-Item Health Survey for Veterans 

(SF-36V) is a standardized instrument contained within the Millennium Cohort 

questionnaire. The SF-36V uses standardized scoring algorithms to assess eight scales of 

health: physical functioning, role limitations caused by physical problems, bodily pain, 

general health, vitality, social functioning, role limitations caused by emotional problems, 

and mental health (7-11). If at least half of the questions in a scale were answered, the 
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mean of the score for the complete portion of that scale was used to impute values for the 

missing questions. Participant responses to questions comprising these eight scales were 

further condensed into two measures: the Mental Component Summary (MCS) and the 

Physical Component Summary (PCS) scores. Lower scores correspond to lower levels of 

health or functioning. The instrument has been found to have high internal consistency in 

a military population (12). The MCS and PCS scores were used to assess functional 

health in the present study. 

 Deployment questions were added to the Millennium Cohort instrument, 

beginning with questionnaires administered from 2004 through 2006. The initial 

deployment history question asks “Over the past 3 years, did you receive imminent 

danger pay, hardship duty pay, or combat zone tax exclusion benefits for deployment to 

any of the regions listed below?” (17 countries and five sea regions, plus fill-in options 

for regions not listed). Participants were also asked to specify for each location (up to 

five) the month and year they arrived and departed. To ascertain whether the participant 

was deployed in excess of five times over the past 3 years, participants are asked “In the 

past 3 years, have you been to more regions where you received imminent danger pay, 

hardship duty pay, or combat zone tax exclusion benefits than fit into the space allowed 

above?” 

 Participants were defined as deployed or not deployed if they responded “yes” or 

“no,” respectively, to the initial deployment question. Participants defined as having 

deployed only once completed only one section on the questionnaire for location and 

deployment dates. Those defined as having deployed more than once completed more 
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than one section for location and deployment dates or responded yes to the question 

asking if they deployed more than five times over the past 3 years. 

 The study protocol was approved by the Institutional Review Board of the Naval 

Health Research Center (San Diego, CA). 

 

Defense Manpower Data Center 

 The Defense Manpower Data Center (DMDC) maintains a database for all 

deployments in support of GWOT. Service members are identified as having deployed by 

being reported directly from personnel offices of the service branches or based on having 

received imminent danger pay, hardship duty pay, or combat zone tax exclusion benefits. 

DoD deployment data include country location code, and start and end dates for each 

deployment. 

 Deployment data from DMDC were used to create multiple measures of 

deployment similar to deployment variables created from Millennium Cohort data. 

Participants defined as not deployed had no GWOT deployments on record up to the 

submission date of the follow-up questionnaire. Participants defined as having deployed 

once had no more than one GWOT deployment on record prior to submission of the 

follow-up questionnaire, and those defined having more than one GWOT deployment had 

more than one deployment on record with DMDC, with the second deployment beginning 

prior to submission of the follow-up questionnaire. 

 Demographic and occupational data obtained from DMDC included sex, date of 

birth, education (high school or less, some college/bachelor’s degree, advanced degree), 
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marital status (never married, married, no longer married), race and ethnicity combined 

(white non-Hispanic, black non-Hispanic, other), pay grade (enlisted, officer), service 

component (active duty, Reserve/Guard), service branch (Army, Air Force, Navy/Coast 

Guard, Marine Corps), and primary occupational specialty (10 major groups, defined by 

the DoD Occupational Conversion Manual)(13).  All demographics reflect status as of 

follow-up survey submission.  

 

Statistical Analyses 

 The study population includes all participants who completed the initial yes/no 

deployment question on the follow-up questionnaire.  Agreement between the electronic 

deployment data and the self-reported deployment history on the questionnaire were 

separated into four categories: participants who self-reported being deployed with 

confirmation from the electronic data, participants who self-reported being deployed with 

no electronic data confirmation, participants who self-reported not being deployed but 

electronic data show at least one deployment, and participants with no evidence of 

deployment in either subjective or objective data. 

The kappa statistic was used to assess the level of agreement between electronic 

deployment data and self-reported deployment history (14). Defined agreement levels 

were “greater than substantial” when kappa (κ) was between 0.8 and 1.0, “substantial” (κ

= 0.6–0.8), “moderate” (κ = 0.4–0.6), “fair” (κ = 0.2–0.4), and “slight or poor” (κ = 0.0–

0.2) (15). A weighted kappa statistic was used to investigate the agreement between data 

sources for number of deployments. To investigate agreement of deployment dates, only 
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participants identified by both data sources as having deployed were evaluated. Since 

neither self-report nor electronic deployment data could be considered the gold standard, 

sensitivity and specificity measures were not calculated. 

 Agreement between deployment start dates was categorized as follows: within 1 

month, within 1–3 months, and greater than 3 months. Only deployment start dates were 

compared since some participants were still on deployment when they submitted their 

questionnaire. 

 Univariate analyses, including t tests, were used to assess the significance of 

unadjusted associations between deployment agreement and functional health. Basic 

models were fit with and without weights to account for oversampling. An exploratory 

analysis was conducted to examine regression diagnostics, significant associations, and 

possible confounding, while simultaneously adjusting for other variables in the model. A 

manual backward elimination approach was used to investigate confounding. Variables 

that were not significant at alpha = 0.05 but upon removal distorted the measure of effect 

by more than 15%, were retained in subsequent modeling. Analysis of variance was used 

to evaluate the association between functional status and deployment agreement for the 

MCS, and the PCS. 

 All data analyses were completed using SAS software, version 9.1.3 (SAS 

Institute, Inc., Cary, NC). 
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RESULTS 

 There were 55,021 participants who filled out a follow-up questionnaire between 

2004 and 2006. Those who did not complete the initial deployment question (n = 3,062), 

or did not have complete demographic data (n = 214) were excluded from the current 

study, leaving 51,745 available for the deployment status analysis. Objective records and 

self-reported deployment were in 92% agreement (n = 47,447) (Table 1). Most agreed 

they had not deployed in support of GWOT prior to survey submission (n = 32,366, 

62.6%), while 15,081 agreed they had deployed (29.1%). The remaining 4,298 

participants (8.3%) self-reported deployment inconsistent with electronic records. There 

were 3,199 participants whose self-reported deployment was not confirmed electronically 

(6.2%), and 1,099 whose electronic deployment could not be confirmed by self-reported 

data (2.1%). Agreement between electronic and self-reported deployment data was greater 

than substantial (κ = 0.81). 

 Self-reported number of deployments was also compared with electronic records 

(Table 1). There were 163 participants removed from the analysis who self-reported they 

deployed but did not complete the section for number of deployments. Of the remaining 

available for analysis (n = 51,582), most agreed with respect to deployment frequency (n 

= 43,083, 83.5%), while 8,499 participants (16.5%) self-reported their deployment 

frequency differently than was reflected within electronic records. Agreement between 

the two data sources for deployment frequency was substantial (weighted κ = 0.72). 

Number of deployments, ranging from 0 to 6 or more, was also compared, for which 

agreement was moderate (weighted κ = 0.57; data not shown). 
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Deployment start dates were compared between self-report and electronic data 

sources. Participants who self-reported a deployment beginning prior to the conception of 

the electronic deployment database (n = 851), or who self-reported that they deployed but 

did not provide any dates (n = 446) were removed from the date comparison. For those 

individuals whose self-reported and electronic information agreed they had deployed only 

once (n = 7,251), 82% had deployment start dates agree within 1 month of each other 

(Table 1). There were 794 individuals whose self-reported deployment start date 

disagreed with the date in the electronic files by more than 3 months (11.0%). For those 

whose records agreed they deployed more than once (n = 2,698), 36% of participants 

reported every deployment start date (up to five deployments) within 1 month of dates on 

file with DMDC (data not shown). 

 Characteristics of participants were described by level of agreement between self-

report and electronic deployment records (Table 2). A greater proportion of those who 

self-reported deployment that could not be confirmed by electronic records were male, 

active duty, Army, and combat specialists. Those whose electronic deployment was not 

confirmed by self-report were proportionately more likely to be enlisted, active duty, Air 

Force, specialists in electrical and mechanical repair, and have less than a high-school 

education. 

 Adjusted models were fit with and without weights to account for oversampling in 

the SF-36V analyses. However, no discernible differences were found, therefore non-

weighted analyses are presented. Participants whose summary score could not be 

calculated due to insufficient questionnaire responses were removed (n = 834). 



32

MCS scores ranged from 51.8 for confirmed deployers to 52.5 for those who had 

evidence of deployment in electronic records but did not self-report being deployed 

(Table 3). On average, the MCS score for confirmed deployers (mean = 51.8) was lower 

than that for confirmed nondeployers (mean = 52.0) and those who had evidence of 

deployment in electronic records but did not self-report being deployed (mean = 52.5). 

PCS scores ranged from 53.7 for those whose self-report of deployment was not 

confirmed by deployment records, to 54.8 for those who had evidence of deployment in 

electronic records but did not self-report being deployed (Table 3). All pairwise 

comparisons were statistically different from each other. The exception was the mean 

PCS for confirmed nondeployers’ (mean = 53.8) was not significantly different from that 

of self-reported deployers whose data could not be confirmed by electronic records (mean 

= 53.7). 

 All differences in MCS and PCS scores by agreement group, though statistically 

different, were extremely small. 

 

DISCUSSION 

 Following the terrorist attacks of September 11, 2001, deployment data 

maintained by the service branches and the DoD were temporarily restricted for national 

security reasons. Investigators turned to deployment histories obtained through interview 

and self-administered questionnaires (1-4), though how well these data sources compare 

has not been established. Once military electronic records became available again, the 
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current study sought to quantify similarities and differences between self-reported 

subjective and electronic objective information on deployment. 

 Data sources were remarkably consistent in identifying deployment. The 

electronic deployment data source confirmed no deployment for 97% of those who self-

reported that they did not deploy, and confirmed deployment for 82% of those who self-

reported that they did deploy (κ = 0.81). Agreement was slightly lower, but still 

substantial (κ = 0.71) for deployment frequency. For those who self-reported that they 

deployed only once, 70% were confirmed in the electronic data. Among those who 

indicated that they deployed multiple times, only 42% were confirmed in the electronic 

data. However, 64% of participants self-reported all deployment dates (up to 5 

deployments) within 1 month of their deployments on record in the electronic deployment 

data. For these reasons, it is believed that the kappa statistic for deployment frequency 

could be an underestimation of the true level of agreement. 

 Incomplete reporting from service branch personnel offices may explain, in part, 

some of the self-reported deployment data that could not be confirmed electronically. 

Similarly, participants traveling for training and other deployment-like missions could 

have misidentified these as deployments even though they do not fit the hazardous duty 

pay criteria. Finally, it is possible that some individuals misrepresent deployment for 

secondary gain (16), although this seems less likely to have occurred in a confidential 

health survey.  Regardless of explanation, very few individuals self-reported deployment 

without objective confirmation.  
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Interestingly, Air Force members were proportionately more likely to be on file in 

the military data as having deployed without self-reporting they deployed. It is possible 

airmen may be less likely to consider themselves as having deployed if their missions, 

while warranting receipt of hazardous and combat duty pay, originate on US soil or other 

noncombatant military bases. Individuals may also consider transitions during 

deployment as continuous deployments, whereas the electronic data reflect these 

transitions as separate deployments. Some service members who have participated in 

covert operations or other missions perceived as secret may be unwilling to share 

deployment information on the questionnaire, though the electronic database may identify 

them as having deployed. Finally, deployment information passed to DMDC based on 

platoon level rather than person level could have incorrectly identified whether an 

individual actually deployed. As with all disagreement between data sources, however, 

the number found to have objective deployment data without subjective confirmation was 

very small. 

 Most demographic characteristics were similar between the agreement groups, 

with the largest differences found between confirmed nondeployers and confirmed 

deployers. Characteristics proportionately higher in those confirmed deployed by both 

sources were similar to expected characteristics of recently deployed populations: male, 

younger, less highly educated, never married, active duty, and combat specialists. 

 Mental and physical functioning was also investigated to determine whether 

health characteristics differed by level of agreement. SF-36V MCS and PCS scores are 

linearly transformed to have a mean of 50 and a standard deviation of 10 to allow 
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comparison between populations (17). As reported elsewhere, Millennium Cohort 

members exhibited higher unadjusted and weighted mean MCS and PCS scores, implying 

better health, when compared with the national norms for ages 18–64 years (18) (data not 

shown). Scores in the current study were similar to the overall Cohort (data not shown) 

and also above national norms. Though some differences between agreement groups were 

statistically significant, a difference of five points has been considered clinically and 

socially meaningful (19), with a 10-point difference considered moderate, and 20 points 

very large (20). The widest point differential between agreement groups was 1.1 point, 

implying remarkable consistency in scores across all groups. Interestingly, while 

differences in mental and physical functioning may be hypothesized to differ between 

deployers and nondeployers, we found little differences between the groups noted to be 

deployed and nondeployed by both self-report and military deployment data. 

 Limitations to these analyses should be noted. The study population consists of a 

subset of responders to the Millennium Cohort questionnaire and may not be 

representative of the US military population in general. Multiple metrics have been 

validated and very little response bias has been identified among Millennium Cohort 

participants (6, 21-26), but, by design, participants are more likely to be older and include 

slightly more women than a random sample of current military. The kappa statistic is 

dependent on the true prevalence of the variable being examined with the statistic tending 

toward zero as the true prevalence approaches 0 or 1 (27). However, since a considerable 

percentage of US military service members deployed, this dependence would have an 

insignificant effect on these findings. Electronic deployment data contain deployments 
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beginning in September 2001. To create an equivalent time comparison between sources, 

deployments self-reported prior to September 2001 were not considered. Finally, the 

amount of missing documentation in the electronic deployment data is unknown. 

 This study has several strengths. To date, the authors are unaware of any other 

large-scale comparison of self-reported and objective deployment data. Agreement was 

assessed for deployment status in addition to comparing similarities in reporting 

deployment start dates. The large sample size allowed for robust comparisons of self-

report and objective data, including demographic and health characteristics. 

 The current study found remarkably strong agreement between self-reported 

deployment and objective deployment data. Timing and number of deployments also 

agreed across data sources. There were no clinically meaningful differences in functional 

health in those whose deployment information disagreed. While electronic data are 

currently available to researchers, understanding differences between self-reported and 

electronic deployment data is imperative in studies of deployment-related health. And 

occupational exposures of military service, especially in deployment, may be very critical 

determinants of life-long health.
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TABLE 2.1. Agreement on deployment between self-reported deployment and electronic records for Millennium Cohort participants 2004–2006 
 

n (% of sample) kappa 
Deployment status (N = 51,745)  0.81 

Records agree, not deployed 32,366 (62.6)  
 Records agree, deployed 15,081 (29.1)  
 Records disagree   4,298 (  8.3)  
 
Deployment frequency (N = 51,582)  0.72wa

Records agree, not deployed 32,366 (62.8)  
 Records agree, deployed onceb 7,608 (14.8)  
 Records agree, deployed more than onceb 3,109 (  6.0)  
 Records disagree   8,499 (16.5)  
 
Deployment start date, deployed once (N = 7,251)   
 Records agree within 1 month   5,976 (82.4)  
 Records agree within 1 to 3 months      481 (  6.6)  
 Records discrepant by greater than 3 months      794 (11.0)  

a Weighted kappa statistic. 
b Deployment frequency in the 3 years prior to survey submission. 
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TABLE 2.2. Characteristics of Millennium Cohort Study participants (2004–2006) by agreement of deployment data sources  

 
Deployment agreementa

Characteristicb
Study sample
N = 51,745 

%

Agree  
not deployedc

N = 32,366 
n (%) 

Disagree/  
self-report 

deploymentc

N = 3,199 
n (%) 

Disagree/ electronic 
deploymentc

N = 1,099 
n (%) 

Agree  
deployedc

N = 15,081 
n (%) 

Sex
Male 73.7 22,225 (68.7) 2,639 (82.5) 847 (77.1) 12,429 (82.4)
Female 26.3 10,141 (31.3) 560 (17.5) 252 (22.9) 2,652 (17.6)

Birth year
Pre–1960 24.4 9,388 (29.0) 581 (18.2) 227 (20.7) 2,446 (16.2)
1960–1969 40.6 12,928 (39.9) 1,392 (43.5) 454 (41.3) 6,235 (41.3)
1970–1979 30.8 8,914 (27.5) 1,079 (33.7) 363 (33.0) 5,587 (37.1)
1980 forward 4.2 1,136 (  3.5) 147 ( 4.6) 55 ( 5.0) 813 ( 5.4)

Education
High school or less 46.2 13,198 (40.8) 1,511 (47.2) 675 (61.4) 8,506 (56.4)
Some college/bachelor’s 39.7 14,028 (43.3) 1,196 (37.4) 357 (32.5) 4,968 (32.9)
Advanced degree 14.1 5,140 (15.9) 492 (15.4) 67 (  6.1) 1,607 (10.7)

Marital status 
Never married 17.6 5,429 (16.8) 583 (18.2) 201 (18.3) 2,880 (19.1)
Married 73.3 23,657 (73.1) 2,375 (74.3) 793 (72.2) 11,118 (73.7)
No longer married 9.1 3,280 (10.1) 241 (  7.5) 105 (  9.5) 1,083 (  7.2)

Race/ethnicity
White non-Hispanic 71.0 23,081 (71.3) 2,199 (68.7) 820 (74.6) 10,632 (70.5)
Black non-Hispanic 12.2 4,199 (13.0) 316 ( 9.9) 147 (13.4) 1,638 (10.9)
Other 16.8 5,086 (15.7) 684 (21.4) 132 (12.0) 2,811 (18.6)

Military pay grade
Enlisted 71.6 23,058 (71.2) 2,165 (67.7) 931 (84.7) 10,873 (72.1)
Officer 28.4 9,308 (28.8) 1,034 (32.3) 168 (15.3) 4,208 (27.9)

Service component
Reserve/National Guard 53.2 18,880 (58.3) 1,244 (38.9) 518 (47.1) 6,865 (45.5)
Active duty 46.8 13,486 (41.7) 1,955 (61.1) 581 (52.9) 8,216 (54.5)

Branch of service
Army 47.8 15,551 (48.0) 1,634 (51.1) 153 (13.9) 7,400 (49.1)
Air Force 30.2 9,118 (28.2) 759 (23.7) 656 (59.7) 5,073 (33.6)
Navy/Coast Guard 18.1 6,476 (20.0) 633 (19.8) 269 (24.5) 1,960 (13.0)
Marines 4.0 1,221 (  3.8) 173 (  5.4) 21 (  1.9) 648 (  4.3)

Occupational category
Combat specialists 19.2 5,311 (16.4) 877 (27.4) 148 (13.5) 3,590 (23.8)
Electronic repair 8.7 2,668 (  8.2) 318 (  9.9) 115 (10.5) 1,398 (  9.3)
Communications/intel 7.6 2,349 (  7.3) 331 (10.4) 73 (  6.6) 1,170 (  7.8)
Health care specialists 11.2 4,426 (13.7) 220 (  6.9) 66 (  6.0) 1,067 (  7.1)
Other technical 2.4 775 (  2.4) 86 ( 2.7) 24 (  2.2) 383 (  2.5)
Functional support 22.8 8,415 (26.0) 572 (17.9) 222 (20.2) 2,610 (17.3)
Electrical/mechanic 13.1 3,674 (11.3) 375 (11.7) 307 (27.9) 2,432 (16.1)
Craft workers 2.8 831 (  2.6) 59 (  1.8) 45 (  4.1) 495 (  3.3)
Service support 9.7 2,924 (  9.0) 276 (  8.6) 92 (  8.4) 1,721 (11.4)
Trainees, others 2.5 993 (  3.1) 85 (  2.7) 7 ( 0.6) 215 (  1.4)

a All unadjusted associations between deployment agreement and individual characteristics were statistically significant (p < 0.01). 
b Characteristics reflect status as of follow-up survey submission. 
c Agree not deployed: both self-report and electronic databases reflect no deployment; Disagree/self-report deployment: self-reported deployment 

but electronic database reflects no deployment; Disagree/electronic deployment: electronic database reflects deployment but participant self-
reported no deployment; Agree deployed: both self-report and electronic databases reflect deployment. 



42

TABLE 2.3. Adjusted means of SF-36Va component summary scores among Millennium Cohort participants (2004–2006) by agreement of deployment data 

sources  

Deployment agreement 

Functional health 

Study sample   
N = 50,748 

Meanc

Agree 
not deployedb

N = 31,879 
Meanc

Disagree/ 
self-report 

deploymentb

N = 3,142 
Meanc

Disagree/ 
electronic 

deploymentb

N = 1,074 
Meanc

Agree 
deployedb

N = 14,649 
Meanc

Mental Component Summary  52.5 52.01 51.91,2 52.51 51.82

Physical Component Summary  53.2 53.81 53.71 54.82 54.23

a SF-36V, Medical Outcomes Study (MOS) Short Form 36-Item Health Survey for Veterans. 
b Agree not deployed: both self-report and electronic databases reflect no deployment; Disagree/self-report deployment: self-reported deployment but 

electronic database reflects no deployment; Disagree/electronic deployment: electronic database reflects deployment but participant self-reported no 
deployment; Agree deployed: both self-report and electronic databases reflect deployment. 

c Means are adjusted for sex, birth cohort, education, marital status, race/ethnicity, pay grade, service component, service branch, and occupation. Scores 
are linearly transformed to have a mean of 50 and a standard deviation of 10. Scores higher than 50 reflect better functioning. 

1, 2, 3 Groups with different numbers have significantly different SF-36V component summary scores using Tukey’s adjustment for multiple comparisons (p
< 0.05). 
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CHAPTER 3 

Cigarette Smoking and Military Deployment: Prospective Evaluation of Smoking  

Among a Large Population-based Military Cohort 
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ABSTRACT 

Context:  Stress of military deployment may compound occupational stress 

experienced in the military and manifest in coping behaviors such as cigarette smoking.  

Recent reports suggest smoking is increasing among deployed personnel. 

Objective:  To describe new or resumed smoking among nonsmokers and change 

in daily smoking among smokers, in relation to deployment in a large population-based 

military cohort.  The effects of extreme deployment experiences were specifically 

examined.  

Design, Setting, and Participants:  The Millennium Cohort is a 22-year 

longitudinal study.  The current analysis utilized participants (N = 48 378) who submitted 

baseline data (July 2001-June 2003) before the Global War on Terrorism (GWOT), and 

follow-up data (June 2004-January 2006) on health measures. 

Main Outcome Measure:  New or resumed smoking among baseline nonsmokers.  

Increased or decreased daily smoking among baseline smokers. 

Results:  There were 8504 (17.6%) who deployed once to GWOT and 3049 

(6.3%) who deployed multiple times between baseline and follow-up assessments.  

Among never-smokers, smoking uptake was identified in 1.3% of nondeployers and 2.3% 

of those who deployed.  Among past smokers, smoking resumption occurred in 28.7% of 

nondeployers and 39.6% of those who deployed.  Smoking increased 43.8% among 

nondeployers and 55.6% among deployers.  Past smokers were 35 times more likely to 

smoke at follow-up than never-smokers (odds ratio, 35.3; 95% confidence interval, 31.8-

39.3).  Other deployment factors independently associated with postdeployment smoking 
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uptake included deploying for longer than 9 months, deploying multiple times, and 

deploying with combat exposures.  Among those who smoked at baseline, deployment 

was not associated with changes in daily smoking quantity.   

 Conclusion: Military deployment is associated with smoking uptake, particularly 

among those with prolonged or multiple deployments, or combat exposures.  The 

strongest predictor for smoking uptake was having been a smoker in the past.  Prevention 

programs should focus on prevention of smoking relapse during or after deployment. 
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Smoking has been shown as a strong coping mechanism among those reporting 

chronic and acute stress.14, 15 Individuals in stressful occupations have been shown to use 

tobacco, as well as alcohol, at higher rates than the general population.16, 17 Occupational 

stress related to serving in the military has also been shown to be a strong predictor for 

both cigarette smoking and nicotine dependence.18, 19 

Stress of military deployment may compound already high occupational stress and 

manifest in different coping behaviors, such as increases in smoking, alcohol, and other 

drug use.  US Navy and Marine Corps personnel exposed to combat or violence prior to 

the current conflicts were reported at twice the risk for nicotine dependence than those 

not exposed.18 In a cross-sectional survey of US troops deployed to Iraq and Afghanistan, 

nearly 40% smoked at least a half a pack of cigarettes per day with nearly half of smokers 

stating they started or resumed smoking during their deployment.20 A survey of a small 

group of British military medical professionals reported similar findings of increased 

smoking rates postdeployment among nonsmokers, and increased daily cigarette intake 

among smokers.32 All past studies have been done prior to the current military conflicts, 

or limited by cross-sectional design, exclusion of nondeployers, or small sample sizes. 

To better understand cigarette smoking as a coping mechanism in response to the 

stress of military deployment, the current study prospectively investigated changes in 

cigarette use among participants in a large population-based military cohort.   

Additionally, cigarette use and its relationship to extreme deployment lengths and 

multiple deployments were investigated among those deployed in support of the recent 

Global War on Terrorism (GWOT) while adjusting for potential confounders. 
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METHODS 

Study population 

The study population consisted of participants in the Millennium Cohort Study.  

Launched in 2001, this is the largest longitudinal study undertaken by the Department of 

Defense to evaluate risk factors related to military service that may be associated with 

long-term health consequences.  A detailed description of the methodology has been 

reported elsewhere.33, 34 In short, invited participants were drawn from a stratified 

random sample of the 2.3 million US military personnel in October 2000.  Women, those 

with past deployment experience, and members of the Reserve and National Guard were 

oversampled.  There were 77,047 service members who completed a baseline 

questionnaire between July 2001 and June 2003 with 55,021 (71%) also completing a 

follow-up questionnaire between June 2004 and January 2006.  Participants in the current 

analyses completed both the baseline and 2004-2006 follow-up questionnaire.  Previous 

analyses have demonstrated that Millennium Cohort participants well represent the US 

military, prior health did not influence response rates, and questionnaire data are reliable 

(Smith T, Naval Health Research Center, ‘unpublished manuscript’; Smith B, Naval 

Health Research Center, ‘unpublished manuscript’; Wells T, Naval Health Research 

Center, ‘unpublished manuscript’, Smith B, Naval Health Research Center, ‘unpublished 

manuscript’).34-38 
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Smoking Data 

The Millennium Cohort survey instrument contains questions to assess lifetime 

cigarette smoking habits.  Participants were classified as never-smokers at baseline if they 

answered “no” to the question “Have you ever smoked at least 100 cigarettes (5 packs) in 

your lifetime?” on the baseline survey.  Participants who answered “yes” but also 

answered the question “Have you ever tried to quit smoking?” with the response “Yes, 

and succeeded” were classified as past smokers.  Participants who answered yes to the 

lifetime smoking question, but did not indicate that they had successfully quit smoking, 

were classified as smokers at baseline.  At follow-up, baseline never-smokers who 

responded yes to “Have you ever smoked at least 100 cigarettes in your lifetime?” were 

considered new smokers, while baseline past smokers who at follow-up responded they 

were a current smoker were considered to have resumed their smoking habit.  The 

question, “When smoking, how many packs per day did you or do you smoke?” (less than 

half a pack per day, half to 1 pack per day, 1 to 2 packs per day, more than 2 packs per 

day), was used to assess an increase or decrease in daily quantity of smoking among those 

defined as smokers at baseline.  Increase and decrease were measured by at least a one 

level change in packs per day self-reported at follow-up in comparison with baseline self-

report. 

 

Deployment Data 

The Department of Defense Manpower Data Center maintain data for all 

deployments in support of GWOT.  The majority of deployments are in, or in close 
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proximity to, Iraq and Afghanistan, though deployments to other regions serving in 

support of GWOT are also included in these data. 

Deployment frequency was categorized as (1) no deployments in support of 

GWOT on record up to and including the submission date of the follow-up questionnaire 

(2) only one deployment in support of GWOT on record prior to submission of the 

follow-up questionnaire and (3) more than one deployment in support of GWOT with the 

second deployment beginning prior to submission of the follow-up questionnaire.   

Cumulative time deployed was based on all GWOT deployments prior to the 

follow-up questionnaire, from first deployment through last deployment.  Extreme 

deployment experience was measured by whether a participant had any single deployment 

longer than 9 months, any single deployment less than 1 month, or had any between-

deployment interval of less than 1 month.  Additionally, exposures reported at follow-up 

were used to assess combat experiences and were based on affirmative responses to being 

personally exposed to “witnessing a person’s death due to war, disaster, or tragic event,” 

“witnessing instances of physical abuse (torture, beating, rape),” “dead and/or 

decomposing bodies,” “maimed soldiers or civilians,” or “prisoners of war or refugees.” 

Deployment history prior to GWOT was also obtained from military records 

based on specific contingency operations, including the 1991 Gulf War, Southwest Asia 

following the 1991 Gulf War until 2000, and Bosnia or Kosovo from 1998 through 2000.   
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Demographic and Other Covariate Data 

Demographic and occupational data included sex, date of birth, education (high 

school or less, some college or bachelor’s degree, advanced degree), marital status (never 

married, currently married, no longer married), race/ethnicity (white non-Hispanic, black 

non-Hispanic, Asian/Pacific Island, Hispanic, other), pay grade (enlisted, officer), service 

component (active duty, Reserve/National Guard), service branch (Army, Air Force, 

Navy/Coast Guard, and Marine Corps), and primary occupational specialty (service and 

functional support, combat specialists, health care specialists, other).39 

Major life events were assessed with questions based on the Social Readjustment 

Rating Scale.40, 41 Participants were asked to consider whether they had ever experienced 

the following life events: divorce or separation, suffered major financial problems (such 

as bankruptcy), suffered forced sexual relations or sexual assault, severe illness or death 

of a family member or loved one, or suffered a disabling illness or injury.  Each event was 

scored and then categorized into a comprehensive stressful life events rating of low, 

moderate, or major.  

To evaluate preexisting mental health issues that could be associated with the use 

of cigarettes as a coping mechanism, a covariate was included to adjust for any one of the 

following at baseline: physician-diagnosed depression, schizophrenia or psychosis, 

manic-depressive disorder, or posttraumatic stress disorder; or taking medication for 

anxiety, depression, or stress. 
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Statistical Analyses 

The incidence of new smoking in baseline never-smokers, and the prevalence of 

resumed smoking in baseline past smokers was calculated.  Univariate analyses, including 

chi-square tests, were used to assess the significance of unadjusted associations between 

deployment and smoking.  Interactions were tested to determine whether smoking uptake 

and deployment frequency varied by sex, service branch, or smoking at baseline.  An 

exploratory analysis was conducted to examine regression diagnostics, significant 

associations, and possible confounding, while simultaneously adjusting for all other 

variables in the model.  A manual backward elimination approach was used to investigate 

confounding.  Variables that were not significant at alpha = 0.05 but upon removal 

distorted the measure of effect by more than 15%, were retained in subsequent modeling.  

Multivariable logistic regression was used to compare the adjusted odds of new smoking 

in never-smokers and resumed smoking in past smokers among nondeployed, those 

deployed once, and those deployed multiple times.  Among smokers, multivariate 

polychotomous logistic regression taking into account baseline smoking quantity, was 

used to assess an increase or decrease in daily smoking among nondeployed, those 

deployed once, and those deployed multiple times.   

All analyses were completed using SAS software, version 9.1.3 (SAS Institute, 

Inc., Cary, NC). 
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RESULTS 

There were 55 021 participants who completed both a baseline questionnaire 

between July 2001 and June 2003 and a follow-up questionnaire between June 2004 and 

February 2006.  Those who completed a baseline questionnaire during or after their first 

deployment (n = 2851), or completed their follow-up questionnaire during deployment (n 

= 1986), had missing covariate information (n = 58), or missing smoking information at 

baseline or follow-up (n = 1748) were removed, leaving 48 378 available for analysis.  

Cumulative length of deployment was highly collinear with deployment frequency and 

was removed from all modeling. Interactions to test whether smoking uptake and 

deployment frequency varied by sex, service branch, or smoking at baseline were not 

found to be significant (p values > 0.6).   

 The majority of the Cohort had not deployed in support of GWOT at the time they 

completed their follow-up questionnaire (n = 36 825, 76.1%).  There were 8504 who 

deployed once (17.6%), while 3049 deployed multiple times (6.3%).  Baseline 

characteristics by deployment frequency are described in Table 1.  Those who deployed 

more than once were proportionately more likely to be men, white non-Hispanic, and 

have some college education or a bachelor’s degree.  They were more likely to be in the 

Air Force, combat specialists, report combat exposures, and to have extreme deployment 

experiences, including deployment for a short duration (<1 month), and deployment for a 

long duration (>9 months). 

Baseline demographic, occupational, and deployment characteristics by cigarette 

smoking at baseline are described in Table 2.  Most participants had never smoked (n = 
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28 819, 59.6%), 25.4% were past smokers (n = 12 269), and 15.1% were current smokers 

at baseline (n = 7290).  When compared with never-smokers, past and current smokers 

were proportionately more likely to be less educated, white non-Hispanic, enlisted, have a 

history of moderate to major life stressors, and report a prior mental health diagnosis or 

taking medication for anxiety, depression, or stress.  Additionally, past smokers were 

more likely to be older and married, while current smokers were more likely to be 

younger and never married or no longer married. 

Table 3 shows the transition in cigarette smoking from baseline to follow-up by 

deployment frequency.  Most participants’ habits did not change (85.9%).  Of those who 

had never smoked at baseline, 1.3% of nondeployers, 2.3% of those who deployed once, 

and 2.2% of those who deployed multiple times initiated smoking by follow-up.  Of those 

who were past smokers at baseline, 28.7% of nondeployers, 39.4% of those who deployed 

once, and 40.3% of those who deployed multiple times had resumed smoking by follow-

up.  There were 1039 past or current smokers at baseline who answered no to the lifetime 

smoking question.  To reduce any bias that may be due to misclassification, these 

individuals were removed from multivariable analyses.  

Among nonsmokers at baseline, past smokers were 35 times more likely to begin 

smoking than never-smokers (odds ratio [OR], 35.3; 95% confidence interval [CI], 31.8-

39.3) in multivariable modeling (Table 4).  Those who deployed once between their 

baseline and follow-up surveys were 1.2 times more likely to begin or resume smoking 

(95% CI, 1.1-1.4).  Those who deployed multiple times between surveys were 1.6 times 

more likely to begin or resume smoking (95% CI, 1.3-1.9).  Participants with a 
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deployment lasting longer than 9 months were 1.3 times more likely to begin or resume 

smoking (95% CI, 1.0-1.5).  Those who reported combat exposures were 1.3 times more 

likely to smoke postdeployment than those who did not report such exposures (95% CI, 

1.1-1.5).  Deploying for less than 1 month and being home between deployments for less 

than 1 month were not significantly associated with new or resumed smoking.  In addition 

to deployment variables, odds ratios were adjusted for sex, age, education, marital status, 

pay grade, service branch, and occupation.  Race/ethnicity, past mental health diagnosis, 

life stressors score, previous deployment history, service component, and occupation 

were not significantly associated with the outcome, nor were they confounders, and thus 

were removed from the final modeling.  Due to the uncertainty of the temporal 

relationship between smoking uptake and deployment, 826 baseline nonsmokers who 

indicated they were past smokers at follow-up were removed from this analysis.  

The percentage of new smoking among baseline never-smokers varied little with 

time from end of most recent deployment to submission of follow-up questionnaire (data 

not shown).  While past smokers resumed smoking at a higher rate, no discernible 

decreasing pattern could be observed up to 12 months postdeployment to suggest past 

smokers who resumed smoking during deployment successfully returned to their 

nonsmoking status during this follow-up period. 

Among baseline smokers, 4957 (70.3%) smoked the same amount at follow-up as 

they reported at baseline, 981 (13.9%) smoked less, and 1117 (15.8%) smoked more.  No 

deployment variables were significantly associated with a decrease or increase in quantity 

of smoking after adjusting for sex, age, and service branch (Table 5).  There were 235 
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baseline smokers removed from this analysis because they did not answer the question 

regarding smoking quantity at follow-up. 

 

COMMENT 

Smoking is the leading preventable cause of death in the United States.  More 

than 400 000 people die each year due to smoking, with $167 billion spent in annual 

health-related economic losses.42 Long-term health consequences of smoking are well 

established.43-45 In the military, where smoking rates are higher than in the general 

population,46, 47 it is estimated that $130 million is spent on excess training alone due to 

smokers who are prematurely discharged.48 Furthermore, smoking has implications for 

military readiness since service members who smoke have lower fitness levels and are at 

greater risk for physical injury.49, 50 Therefore, understanding factors that influence 

smoking among the more than 2 million young adults currently serving in the military is 

of critical public health importance. 

Research has indicated cigarette smoking is a strong coping mechanism, with 

higher smoking rates seen in stressful occupations.14-17 Over a period of 3 years, the 

prevalence of smoking increased 47% in this study population.  Smoking increased 

43.8% among nondeployers and 55.6% among deployers.  Among those who never 

smoked prior to deployment in support of GWOT, the present study found that greater 

than 2% initiated smoking postdeployment.  While new initiation rates were relatively 

low, this represented an 85% increase over the new initiation rate in nondeployers.  In 

contrast to new initiation, smoking recidivism was high (31.2%) among all past smokers.  
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In this group, deployment was also predictive of higher rates of resuming smoking.  

Recidivism in deployers was 40% higher than nondeployers.   

Smoking recidivism has been strongly associated with negative affect (eg, anger, 

distress, fear), with many lapses marked by intense negative affect in the hours preceding 

the relapse.51, 52 Reducing negative affect during combat deployments is impractical, 

however increasing positive affect may not be.  Recent findings have shown that an 

increase in positive affect through physical exercise can reduce cigarette cravings and 

relapse.53 Increased positive affect, through physical exercise and interest-stimulating 

activities may also thwart some of the main reasons service members report they start or 

resumed smoking, which include boredom, social factors, and stress.32, 54 

The finding that nonsmokers initiate or reinitiate smoking habits during 

deployment is consistent with suggestions of previous reports.20, 32 Furthermore, 

individuals experiencing acute or chronic stress have been described as more likely to 

smoke and less likely to achieve successful abstinence.15 The current study describes an 

increased risk for new or resumed smoking in deployers when compared with individuals 

who did not deploy in support of GWOT over the same period (mean length of follow-up 

= 2.7 years), and further, documents an even stronger association in those who deployed 

multiple times.  Single deployments lasting longer than 9 months were also independently 

associated with new or reinitiated smoking.  The finding that individuals who reported 

combat exposures were more likely to begin or resume smoking is consistent with 

hypotheses about stress triggers for smoking.18 
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Among smokers, the current study found no deployment measures, including 

deployment frequency, extreme deployments, and combat exposures, to be associated 

with an increase or decrease in daily smoking quantity.  This contrasts with a previous 

report documenting increases in daily smoking among British medical personnel who 

smoked during deployment.32 The difference may be due to population, study design, or 

duration of follow-up.  It is possible that more changes in smoking occur among 

deployers, but such changes are not sustained.  Of interest is the observation that greater 

than 10% of smokers quit smoking over the nearly 3 year period of this study.  Rates of 

quitting were only slightly lower among deployers than nondeployers. 

Limitations to these analyses should be mentioned.  The study population consists 

of a sample of responders to the Millennium Cohort questionnaire and may not be 

representative of the US military population in general.  Multiple metrics have been 

validated and very little response bias has been identified among Millennium Cohort 

participants but, by design, participants are more likely to be older and include slightly 

more women than a random sample of current military (Smith T, Naval Health Research 

Center, ‘unpublished manuscript’; Smith B, Naval Health Research Center, ‘unpublished 

manuscript’; Wells T, Naval Health Research Center, ‘unpublished manuscript’, Smith B, 

Naval Health Research Center, ‘unpublished manuscript’).34-38 

Despite these limitations, the study has several strengths.  The large population 

size, longitudinal design of the Millennium Cohort Study, and temporal sequence of 

world events has allowed for the prospective analysis of smoking pre and postdeployment 

while linking to objective military data to assess the additional impact of multiple and 
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extreme deployments.  The robust sample size allowed for ample power while 

considering numerous potential confounders.   

 Smoking in the military has a long tradition, and remains a current public health 

challenge.  While efforts have been made to reduce military smoking, the US military 

remains a key consumer of tobacco products.46, 55 Recent deployments in support of the 

Global War on Terrorism should increase concerns about smoking in a very large 

population of young adults.  The current study found a significant increase in new 

smoking, and an extremely high rate of smoking relapse postdeployment.  Long-term 

morbidity associated with smoking makes prevention programs focused in this high risk 

population of critical public health importance. 
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TABLE 3.1. Baseline Characteristics of Millennium Cohort Study Participants by Global War on Terrorism (GWOT) Deployment Frequency 
 

GWOT Deployment 2001-2006 

Characteristic*

Study Sample 
N = 48 378 

%

Nondeployed  
N = 36 825

n (%) 

Deployed Once 
N = 8504

n (%) 

Deployed Multiple 
Times 

N = 3049
n (%) 

Sex
Male 72.3 25 578 (69.5) 6806 (80.0) 2592 (85.0)
Female 27.7 11 247 (30.5) 1698 (20.0) 457 (15.0)

Birth year
Pre-1960 25.4 10 273 (27.9) 1341 (15.8) 674 (22.1)
1960-1969 40.6 14 873 (40.4) 3515 (41.3) 1265 (41.5)
1970-1979 30.0 10 366 (28.2) 3161 (37.2) 974 (31.9)
1980 forward 4.0 1313 (  3.6) 487 (  5.7) 136 (  4.5)

Education
High school or less 43.0 15 793 (42.9) 3926 (46.2) 1101 (36.1)
Some college/bachelor’s 45.5 16 434 (44.6) 3899 (45.9) 1672 (54.8)
Advanced degree 11.5 4598 (12.5) 679 (  8.0) 276 (  9.1)

Marital status 
Currently married 66.8 24 772 (67.3) 5512 (64.8) 2039 (66.9)
Never married 25.9 9264 (25.2) 2478 (29.1) 791 (25.9)
No longer married 7.3 2789 (  7.6) 514 (  6.0) 219 (  7.2)

Race/ethnicity
White non-Hispanic 70.9 26 155 (71.0) 5841 (68.7) 2312 (75.8)
Black non-Hispanic 12.3 4661 (12.7) 1005 (11.8) 266 (  8.7)
Asian/Pacific Islander 8.8 3081 (  8.4) 925 (10.9) 271 (  8.9)
Hispanic 5.8 2138 (  5.8) 517 (  6.1) 142 (  4.7)
Other 2.2 790 ( 2.2) 216 (  2.5) 58 ( 1.9)

Past mental health diagnosis† or taking medication for 
anxiety, depression, or stress  

 

No 91.0 33 157 (90.0) 7972 (93.7) 2881 (94.5)
Yes 9.0 3668 (10.0) 532 (  6.3) 168 (  5.5)

Life stressors score
Low/mild 84.5 30 720 (83.4) 7428 (87.4) 2709 (88.9)
Moderate 12.7 4945 (13.4) 917 (10.8) 300 (  9.8)
Major 2.8 1160 (  3.2) 159 (  1.9) 40 (  1.3)

Military pay grade
Enlisted 72.3 26 502 (72.0) 6310 (74.2) 2155 (70.7)
Officer 27.7 10 323 (28.0) 2194 (25.8) 894 (29.3)

Service component
Active duty 55.2 19 534 (53.1) 5575 (65.6) 1577 (51.7)
Reserve/National Guard 44.8 17 291 (47.0) 2929 (34.4) 1472 (48.3)

Branch of service
Army 47.7 17 700 (48.1) 4270 (50.2) 1089 (35.7)
Air Force 29.9 10 273 (27.9) 2624 (30.9) 1582 (51.9)
Navy/Coast Guard 18.1 7343 (19.9) 1181 (13.9) 240 (  7.9)
Marines 4.3 1509 (  4.1) 429 (  5.0) 138 (  4.5)

Occupational category
Service and functional support 29.3 11 295 (30.7) 2287 (26.9) 602 (19.7)
Combat specialists 20.1 6882 (18.7) 1936 (22.8) 892 (29.3)
Health care specialists 11.8 4857 (13.2) 678 (  8.0) 168 (  5.5)
Other 38.8 13 791 (37.5) 3603 (42.4) 1387 (45.5)

Pre-GWOT deployment‡

No 63.1 24 556 (66.7) 4533 (53.3) 1411 (46.3)
Yes 37.0 12 269 (33.3) 3971 (46.7) 1638 (53.7)

Extreme deployment <1 month
No 95.2 36 825 (100.0) 7629 (89.7) 1609 (52.8)
Yes 4.8 - 875 (10.3) 1440 (47.2)

Extreme deployment >9 months
No 95.8 36 825 (100.0) 6673 (78.5) 2839 (93.1)
Yes 4.2 - 1831 (21.5) 210 (  6.9)

Minimal time home (<1 month) before deploying 
No 99.4 36 825 (100.0) 8504 (100.0) 2767 (90.8)
Yes 0.6 - - 282 (  9.3)

Deployed with combat exposures
No 88.8 36,825 (100.0) 4481 (52.7) 1665 (54.6)
Yes 11.2 - 4023 (47.3) 1384 (45.4)

Abbreviation: GWOT, Global War on Terrorism. 
*All unadjusted associations between deployment agreement and individual characteristics were statistically significant (p<0.01).  
† Diagnosed with depression, schizophrenia or psychosis, manic depressive disorder, or posttraumatic stress disorder. 
‡ Deployment prior to GWOT includes the 1991 Gulf War, and southwest Asia, Bosnia or Kosovo from 1998 through 2000. 
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TABLE 3.2. Baseline Characteristics of Millennium Cohort Participants by Smoking Habits at Baseline (2001-2003) 

Characteristic 

Study 
Sample 

N = 48 378
%

Never-Smoker 
N = 28 819

n (%) 

Past Smoker 
N = 12 269 

n (%) 

Current 
Smoker 

N = 7290 
n (%) 

Sex
Male 72.3 20 419 (70.9) 9166 (74.7) 5391 (74.0)
Female 27.7 8400 (29.2) 3103 (25.3) 1899 (26.1)

Birth year
Pre-1960 25.4 6734 (23.4) 4039 (32.9) 1515 (20.8)
1960-1969 40.6 12 257 (42.5) 4732 (38.6) 2664 (36.5)
1970-1979 30.0 8730 (30.3) 3145 (25.6) 2626 (36.0)
1980 forward 4.1 1098 (  3.8) 353 (  2.9) 485 (  6.7)

Education
High school or less 43.0 10 716 (37.2) 5597 (45.6) 4507 (61.8)
Some college/bachelor’s 45.5 13 779 (47.8) 5624 (45.8) 2602 (35.7)
Advanced degree 11.5 4324 (15.0) 1048 (  8.5) 181 (  2.5)

Marital status 
Currently married 66.8 19 167 (66.5) 8795 (71.7) 4361 (59.8)
Never married 25.9 7753 (26.9) 2515 (20.5) 2265 (31.1)
No longer married 7.3 1899 (  6.6) 959 (  7.8) 664 (  9.1)

Race/ethnicity
White non-Hispanic 70.9 18 982 (65.9) 9491 (77.4) 5835 (80.0)
Black non-Hispanic 12.3 4339 (15.1) 956 (  7.8) 637 (  8.7)
Asian/Pacific Islander 8.8 3067 (10.6) 883 (  7.2) 327 (  4.5)
Hispanic 5.8 1784 (  6.2) 680 (  5.5) 333 (  4.6)
Other 2.2 647 ( 2.3) 259 ( 2.1) 158 (  2.2)

Past mental health diagnosis* or taking medication for 
anxiety, depression, or stress

No 91.0 26 740 (92.8) 10 934 (89.1) 6336 (86.9)
Yes 9.0 2079 ( 7.2) 1335 (10.9) 954 (13.1)

Life stressors score
Low/mild 84.5 25 299 (87.8) 9899 (80.7) 5659 (77.6)
Moderate 12.7 2936 (10.2) 1927 (15.7) 1299 (17.8)
Major 2.8 584 (  2.0) 443 (  3.6) 332 (  4.6)

Military pay grade
Enlisted 72.3 18 684 (64.8) 9607 (78.3) 6676 (91.6)
Officer 27.7 10 135 (35.2) 2662 (21.7) 614 (  8.4)

Service component
Active duty 55.2 16 084 (55.8) 6517 (53.1) 4085 (56.0)
Reserve/National Guard 44.8 12 735 (44.2) 5752 (46.9) 3205 (44.0)

Branch of service
Army 47.7 13 420 (46.6) 5813 (47.4) 3826 (52.5)
Air Force 29.9 8987 (31.2) 3613 (29.5) 1879 (25.8)
Navy/Coast Guard 18.1 5166 (17.9) 2321 (18.9) 1277 (17.5)
Marines 4.3 1246 (  4.3) 522 (  4.3) 308 (  4.2)

Occupational category
Service and functional support 29.3 8406 (29.2) 3624 (29.5) 2154 (29.6)
Combat specialists 20.1 6230 (21.6) 2260 (18.4) 1220 (16.7)
Health care specialists 11.8 3729 (12.9) 1375 (11.2) 599 (  8.2)
Other 38.8 10 454 (36.3) 5010 (40.8) 3317 (45.5)

Pre-GWOT deployment†

No 63.1 18 439 (64.0) 7578 (61.8) 4483 (61.5)
Yes 37.0 10 380 (36.0) 4691 (38.2) 2807 (38.5)

GWOT deployment
Nondeployed 76.1 21 913 (76.0) 9534 (77.7) 5378 (73.8)
Deployed once 17.6 5012 (17.4) 2035 (16.6) 1457 (20.0)
Deployed multiple times 6.3 1894 (  6.6) 700 (  5.7) 455 (  6.2)

Extreme deployment <1 month
No 95.2 27 385 (95.0) 11 710 (95.4) 6968 (95.6)
Yes 4.8 1434 (  5.0) 559 (  4.6) 322 (  4.4)

Extreme deployment >9 months
No 95.8 27 657 (96.0) 11 779 (96.0) 6901 (94.7)
Yes 4.2 1162 (  4.0) 490 (  4.0) 389 (  5.3)

Minimal time home (<1 month) before deploying again
No 99.4 28 629 (99.3) 12 213 (99.5) 7254 (99.5)
Yes 0.6 190 (  0.7) 56 (  0.5) 36 (  0.5)

Deployed with combat exposures
No 88.8 25 652 (89.0) 10 995 (89.6) 6324 (86.8)
Yes 11.2 3167 (11.0) 1274 (10.4) 966 (13.3)

Abbreviation: GWOT, Global War on Terrorism 
* Diagnosed with depression, schizophrenia or psychosis, manic depressive disorder, or posttraumatic stress disorder. 
† Deployment prior to GWOT includes the 1991 Gulf War, and southwest Asia, Bosnia or Kosovo from 1998 through 2000. 
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TABLE 3.3. Smoking Habits of Millennium Cohort Participants (N = 48 378) at Baseline (2001-2003) and 

Follow-up (2004-2006) 

Smoking at Follow-up 

Smoking at Baseline 
Never-smoker 

n (%) 
 Past Smoker 

 n (%) 
 Smoker 
 n (%) 

Nondeployed
Never-smoker (N = 21 913) 20 998 (95.8) 622 (  2.8) 293 (  1.3)
Past smoker    (N = 9534) 651 (  6.8)* 6143 (64.4) 2740 (28.7)
Smoker           (N = 5378) 137 (  2.6)* 544 (10.1) 4697 (87.3)

Deployed once
Never-smoker (N = 5012) 4754 (94.9) 143 (  2.9) 115 (2.3)
Past smoker    (N = 2035) 156 (  7.7)* 1077 (52.9) 802 (39.4)
Smoker           (N = 1457) 26 ( 1.8)* 109 ( 7.5) 1322 (90.7)

Deployed multiple times
Never-smoker (N = 1894) 1791 (94.6) 61 ( 3.2) 42 (  2.2)
Past smoker    (N = 700) 59 ( 8.4)* 359 (51.3) 282 (40.3)
Smoker           (N = 455) 8 ( 1.8)* 35 (  7.7) 412 (90.6)

*Group was excluded from multivariable modeling. 
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TABLE 3.4. Adjusted Odds of Smoking Postdeployment (2004-2006) in 40 262 Nonsmokers at Baseline 

(2001-2003), the Millennium Cohort Study 

Characteristic OR* 95% CI 

Baseline smoking
Past/never-smoker 35.34 31.76, 39.32

GWOT deployment
Deployed once/nondeployed 1.21 1.07, 1.38
Deployed multiple times/nondeployed 1.56 1.28, 1.91

Extreme deployment < 1 month
Yes/No 0.92 0.74, 1.13

Extreme deployment > 9 months
Yes/No 1.26 1.04, 1.53

Minimal time home (< 1 month) before deploying again
Yes/No 1.08 0.64, 1.82

Deployed with combat exposures
Yes/No 1.30 1.12, 1.52

Definitions: OR, odds ratio; CI, confidence interval; GWOT, Global War on Terrorism. 

* Odds of smoking are adjusted for all variables listed in addition to sex, birth year, education, marital 

status, pay grade, service branch, and occupation.  Due to the uncertainty of the temporal relation of 

smoking uptake to deployment, 826 baseline nonsmokers who indicated they were past smokers at 

follow-up were removed. 
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TABLE 3.5. Adjusted Odds of Change in Daily Smoking Postdeployment (2004-2006) in 7055 Smokers at Baseline (2001-2003), the 

Millennium Cohort Study 

Characteristic Decreased Smoking†

OR (95% CI)*
Increased Smoking†

OR (95% CI) 

GWOT deployment   

 Deployed once/Nondeployed 1.00 (0.85, 1.19) 1.00 (0.76, 1.32) 

 Deployed multiple times/Nondeployed 1.13 (0.85, 1.48) 0.99 (0.65, 1.53) 

Extreme deployment < 1 month    

 Yes/No† 0.96 (0.71, 1.29) 1.05 (0.67, 1.64) 

Extreme deployment > 9 months   

 Yes/No† 0.99 (0.76, 1.31) 0.96 (0.66, 1.40) 

Minimal time home (< 1 month) before deploying again   

 Yes/No‡ 1.40 (0.66, 2.95) 0.83 (0.23, 2.99) 

Deployed with combat exposures   

 Yes/No‡ 0.86 (0.69, 1.06) 1.23 (0.89, 1.68) 

Definitions: OR, odds ratio; CI, confidence interval; GWOT, Global War on Terrorism. 
* Odds of smoking are in reference to unchanged smoking quantity and are adjusted for all variables listed in addition to sex, birth cohort, and 

service branch.  There were 235 baseline smokers removed because they did not answer the question about smoking quantity at follow-up. 
† Decreased and increased smoking were measured by at least a one level change in packs per day self-reported at follow-up in comparison with 

baseline self-report. 
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CHAPTER 4 

The Effect of Frequency and Duration of Deployment on the Functional Health  

of Service Members Deployed in Support of the Global War on Terrorism 
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ABSTRACT 

Objective: To prospectively investigate the mental and physical health pre and 

post-deployment of a large population-based US military cohort.   

Methods:  Data are from baseline (June 2001 – July 2003) and follow-up (June 

2004– February 2006) questionnaires of 48,504 Millennium Cohort Study participants.  

Analysis of covariance was used to assess mental and physical functioning changes for 

personnel with multiple and extreme deployments.   

Results: On average, mental and physical functioning scores decreased 

significantly among participants who deployed > 9 months, or were deployed with 

combat exposures.  Overall scores changed, on average, by less than two points.  

Conclusions:  Statistical differences in adjusted means of mental and physical 

functioning scores were small and may have little clinical significance.  Results suggest a 

consistency in mental and physical functioning over almost 3 years, regardless of 

deployment, among a large military cohort.   

 

Keywords: health status, health surveys, military medicine, military personnel, veterans 
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Research from the 1991 Gulf War has indicated that veterans may be at risk for 

anxiety disorders, cognitive dysfunction, lower functional status and health related quality 

of life, when compared to those not deployed during the same era.1-9 Recent reports 

suggest service members returning from Iraq and Afghanistan have significant mental 

health morbidity,10, 11 and have increased risk of neuropsychological compromise after 

deployment.12 In response to the threat of global terrorism, today’s operational unit is 

smaller, more mobile, and deploys more quickly, resulting in a fighter more likely to 

deploy multiple times.13, 14 The current engagements are seeing many units deploying far 

in excess of the standard 6 or 9 month deployments.  Deployment length, itself, has been 

related to distress, with longer deployments associated with greater distress.15 Still it is 

unknown whether those who deploy multiple times are more likely to report lower 

functional status or mental health problems, or conversely whether this subpopulation of 

deployers represents the healthiest of those deployed.   

 The current study prospectively investigated postdeployment changes in mental 

and physical functioning among participants in a large population-based military cohort.  

Additionally, the prospective mental and physical functioning impact of multiple and 

extreme deployments were investigated.   

 

MATERIALS AND METHODS 

Study Population 

In 2001, the Department of Defense launched the largest longitudinal study ever 

undertaken in a military population.16 The purpose of the Millennium Cohort Study is to 
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evaluate risk factors, including combat deployments, that are related to military service 

and may be associated with long-term health consequences.  A detailed description of the 

methodology has been reported elsewhere.16 Invited participants were drawn from a 

stratified random sample of the 2.3 million US military personnel in October 2000.  

Women, those with past deployment experience, and members of the Reserve and 

National Guard were oversampled.  Baseline questionnaires were completed by 77,047 

service members between July 2001 and June 2003 with 55,021 (71%) also completing a 

follow-up questionnaire between June 2004 and February 2006.  Participants in the 

current analyses completed both the baseline and follow-up questionnaire.  Previous 

research has demonstrated that Millennium Cohort participants well represent the US 

military, prior health did not influence response rates, and questionnaire data are 

reliable.16-25 

Mental and Physical Health 

 The Medical Outcomes Study Short Form 36-Item Health Survey for Veterans 

(SF-36V) is a standardized instrument contained within the Millennium Cohort 

questionnaire.16, 26-30 The SF-36V uses standardized scoring algorithms to assess eight 

scales of health: physical functioning, role limitations caused by physical problems, 

bodily pain, general health, vitality, social functioning, role limitations caused by 

emotional problems, and mental health. If half of the questions in a scale were answered, 

the mean of the score for the complete portion of that scale was used to impute values for 

the missing questions.  Participant responses to questions comprising these eight scales 
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were combined into two measures: the Mental Component Summary (MCS) and the 

Physical Component Summary (PCS) scores to assess functional health in the present 

study.31-33 SF-36V MCS and PCS scores are linearly transformed to have a mean of 50 

and a standard deviation of 10, with lower scores implying lower levels of mental health 

or physical functioning.34 A change in score by five points has been considered clinically 

and socially meaningful.35 The instrument has been found to have high internal 

consistency in a military population36 and in the Millennium Cohort.22 

Deployment Data 

Military deployment information for the GWOT is maintained by the Department 

of Defense Manpower Data Center, Seaside, CA.  The majority of deployments are in, or 

close proximity to, Iraq and Afghanistan, though deployments to other regions serving in 

support of the GWOT are also included in these data. 

Participants were defined as not deployed in support of the GWOT if there were 

no deployments on record up to and including the submission date of the follow-up 

questionnaire.  Participants who had no more than one deployment in support of the 

GWOT on record prior to submission of the follow-up questionnaire were considered to 

have deployed only once.  Those who had more than one deployment in support of the 

GWOT with the second deployment beginning prior to submission of the follow-up 

questionnaire were considered to have deployed multiple times.   

Extreme deployment experience was measured by whether a participant had any 

single deployment greater than 9 months, any single deployment less than 1 month, or 
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had any between-deployment interval of less than 1 month.  Combat experiences reported 

at follow-up were based on affirmative responses to being personally exposed to 

“witnessing a person’s death due to war, disaster, or tragic event”, “witnessing instances 

of physical abuse (torture, beating, rape)”, “dead and/or decomposing bodies”, “maimed 

soldiers or civilians”, or “prisoners of war or refugees”.  

Deployment history prior to the GWOT was also obtained from military records 

based on specific contingency operations including the 1991 Gulf War, and southwest 

Asia, Bosnia or Kosovo from 1998 through 2000.   

 

Demographic and Other Covariate Data 

Demographic and occupational data included sex, date of birth, education (high 

school or less, some college or bachelor’s degree, or advanced degree), marital status 

(never married, currently married, no longer married), race/ethnicity (white non-Hispanic, 

black non-Hispanic, Asian/Pacific Island, Hispanic, other), pay grade (enlisted, officer), 

service component (active duty, Reserve/National Guard), service branch (Army, Air 

Force, Navy/Coast Guard, and Marine Corps), and primary occupational specialty 

(service and functional support, combat specialists, health care specialists, other).37 

Questions based on the Social Readjustment Rating Scale were used to assess 

stressful life events.38, 39 Participants were asked to consider whether they ever had the 

following life events: were divorced or separated; suffered major financial problems 

(such as bankruptcy); suffered forced sexual relations or sexual assault; had a family 

member or loved one become severely ill or die; or suffered a disabling illness or injury.  
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Each event was scored and then categorized into a comprehensive stressful life events 

rating of low, moderate, or major.  

Pre-existing mental health that could be associated with mental and physical 

functioning, was assessed and controlled for with a covariate indicating any one of the 

following at baseline: physician-diagnosed depression, schizophrenia or psychosis, 

manic-depressive disorder, or posttraumatic stress disorder; or taking medication for 

anxiety, depression, or stress. 

 

Statistical Analyses 

The mean change in MCS and PCS from baseline to follow-up were calculated.  

Univariate analyses were used to assess the significance of unadjusted associations 

between deployment and component summary scores.  Collinearity diagnostics were 

completed.  An exploratory analysis was conducted to examine regression diagnostics, 

significant associations, and possible confounding, while simultaneously adjusting for all 

other variables in the model.  A manual backward elimination approach was used to 

investigate confounding.  Variables that were not significant at alpha = 0.05 but upon 

removal distorted the measure of effect by more than 15 percent, were retained in 

subsequent modeling.  Analysis of covariance was used to compare the adjusted mean 

change in MCS and PCS for nondeployed, those deployed once, and those deployed 

multiple times.  Additionally, change in mean MCS and PCS in relation to extreme 

deployments, as previously defined, were similarly evaluated.   
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All analyses were completed using SAS software, version 9.1.3 (SAS Institute, 

Inc., Cary, North Carolina). 

 

RESULTS 

There were 55,021 participants who completed a baseline (July 2001 and June 

2003) and follow-up (June 2004 and February 2006) questionnaire.  Participants who 

completed a baseline questionnaire during or after their first deployment (n = 2,851), 

completed their follow-up questionnaire during deployment (n = 1,986), had missing 

covariate information (n = 58), or lacked sufficient information within SF-36V scales to 

score the MCS and PCS at baseline or follow-up (n = 1,622) were removed, leaving 

48,504 available for analysis.  Those who completed both a baseline and follow-up 

questionnaire were slightly older, more educated, and married than those who did not 

submit the follow up questionnaire (data not shown). 

Baseline population characteristics by deployment frequency are displayed in Table 

1.  Most had not deployed in support of GWOT at the time they completed their follow-up 

questionnaire (76%, n = 36,951), while 18% had deployed once (n = 8,498), and 6% 

deployed multiple times (n = 3,055).  Those who deployed more than once were 

proportionately more likely to be men, white non-Hispanic, and have some college 

education or a bachelor’s degree.  They were more likely to have deployed to conflicts prior 

to GWOT, be in the Air Force, combat specialists, report combat exposures, and to have 

extreme deployment experiences, including deployment for a short duration (< 1 month), 

and deployment for a long duration (> 9 months). 
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Baseline deployment characteristics by unadjusted mean MCS and PCS scores at 

baseline are described in Table 2.  MCS and PCS scores were similar within deployment 

characteristics.  Compared with the overall study population, MCS scores were slightly 

higher among those who were older, more educated, and officers, and lower among those 

who were never married, had a past mental health diagnosis or were taking medication for 

anxiety, depression, or stress, or who have a history of major life stressors (data not shown).  

Compared with the overall study population, PCS scores were slightly higher among those 

who were more educated and lower among those who had a past mental health diagnosis or 

were taking medication for anxiety, depression, or stress, or who have a history of moderate 

or major life stressors (data not shown).  Additionally, PCS scores were higher among those 

who after being home for less than 1 month deployed again (Table 2). 

 Deployment characteristics were analyzed by analysis of covariance models, 

described in Table 3, and were adjusted for sex, age, education, marital status, 

race/ethnicity, past mental health (diagnosis with depression, schizophrenia or psychosis, 

manic depressive disorder, or posttraumatic stress disorder; or taking medication for 

anxiety, depression, or stress), life stressors score, pay grade, service branch, service 

component, occupation, and pre-GWOT deployment.  There was no collinearity detected 

among the variables.   

Adjusted mean changes in MCS and PCS scores by deployment measures are 

reported in Table 4.  Among participants with a deployment lasting > 9 months, MCS scores 

decreased by 0.13 points on average, while scores for those who did not deploy or deployed 

for < 9 months increased by 0.44 on average.  Among participants who deployed and 
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reported combat exposures, MCS scores decreased 0.53 points on average, while scores for 

those who did not deploy or deployed without reporting combat exposures increased by 0.85 

on average.  Deployment frequency, deploying < 1 month, and deploying again after being 

home < 1 month were not significantly associated with a change in MCS score. 

The adjusted mean change in PCS for the study population was -0.29 (Table 4).  On 

average, PCS scores for those who deployed once decreased the most (mean = -1.64), 

followed by scores for those who deployed multiple times (mean = -1.13), with scores 

decreasing the least for those who did not deploy (mean = -1.10).  Among participants with a 

deployment lasting > 9 months, PCS scores decreased by 1.63 points on average, while 

scores for those who did not deploy or deployed for < 9 months increased by an average of 

0.95.  Among participants who deployed and reported combat exposures, PCS scores 

decreased 1.61 points on average, while scores for those who did not deploy or deployed 

without reporting combat exposures increased by an average of 0.97. Deploying for < 1 

month, and deploying again after being home < 1 month were not significantly associated 

with a change in PCS score. 

 

DISCUSSION 

 The physical and mental health of service members returning from military 

deployment has been the focus of a large amount of research.17, 40, 41 Findings suggest 

that sudden and prolonged deployment, separation from family or home, frequent family 

dislocation, and a number of personal stress factors may, in part, be the cause of increased 

symptom reporting.42-44 Lower quality of life measures have been associated with 
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increased health care utilization, behavioral risk factors, posttraumatic stress disorder, 

disability, and mortality.45-47 While combat and peace-keeping missions during the 1990s 

found increasing numbers of US military members deploying more frequently than past 

military conflicts, little research has investigated the effect that multiple and prolonged 

deployments may have on service members’ health.  Using robust prospective data, this 

report documents slightly lower postdeployment functional health in US military 

personnel deployed multiple times or for prolonged deployments.     

 MCS and PCS scores ranged from 53.1 and 53.2 respectively, for those who did 

not deploy, to 54.0 and 54.7 respectively, for those who deployed multiple times.  In 

order to allow comparison between populations, SF-36V MCS and PCS scores are 

linearly transformed to have a mean of 50, with higher scores implying better health.34 

Millennium Cohort members have been previously reported to have higher unadjusted 

and weighted mean MCS and PCS scores when compared with the national norms for 

ages 18–64 years.19, 48 Scores in the current study were similar to the overall Cohort and 

also above national norms.19 

The current study sought to quantify the change in mental and physical health 

from baseline to follow-up as measured by the Mental and Physical Component Summary 

scores of the SF-36V, with a special emphasis on investigating these changes by 

deployment frequency.  The overall mean change from baseline to follow-up for both 

MCS and PCS decreased by less than one point.  Though some mean changes in MCS 

and PCS scores were significantly different by deployment measures, a difference of five 

points has been considered clinically and socially meaningful.35 The maximum 
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difference detected was 1.38 points with those who did not deploy or deployed without 

combat exposures showing an increase in their MCS score by 0.85, and those who 

deployed with combat exposures showing a decrease in their MCS score by 0.53.  

Detecting such differences, however, is more likely a factor of power in this large study 

than evidence for subclinical changes in mental or physical health postdeployment.  

These scores imply remarkable consistency in mental and physical health regardless of 

multiple deployments and other extreme deployment circumstances.  Still, some research 

suggests that combat experience may be associated with greater risk for mental health 

issues not only postdeployment, but in the years to follow.10, 49, 50 Therefore, it is possible 

that with only an average of 2.7 years of follow-up in the current study, larger decrements 

in health may have yet to surface among combat exposed.   

Some limitations should be noted.  The study population consists of a sample of 

responders to the Millennium Cohort questionnaire and may not be representative of the 

US military population in general.  Previous research has validated multiple metrics on 

the Millennium Cohort instrument and very little response bias has been identified among 

Millennium Cohort participants, but, by design, participants are more likely to be older 

and include slightly more women than a random sample of the current military.16, 18, 20-22, 

24, 51 Finally, the SF-36V, while broad in scope, does not detect all mental and physical 

challenges.  Previous research has shown individuals with current posttraumatic stress 

disorder to have lower MCS scores than those whose symptoms have resolved or those  

who do not have posttraumatic stress disorder.52 
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Despite limitations, strengths of the current study are notable.  Previous research 

investigating postdeployment health has relied heavily on retrospective analyses.  The 

longitudinal design of the Millennium Cohort Study in combination with the sequence of 

the current military conflicts allowed for the temporal observation of changing patterns in 

mental and physical health in relation to deployment.  Additional investigation of military 

deployment data provided the opportunity to assess the impact of multiple and extreme 

deployment experiences.  Finally, the strong sample size allowed for ample power while 

considering numerous potential confounders.   

The current study found very consistent mental and physical functioning among 

Millennium Cohort participants, many of whom deployed, and deployed multiple times in 

support of GWOT during the study observation period.  Small changes in mental and 

physical functioning, of questionable clinical significance, were detected even when 

considering deployments lasting less than 1 month or in excess of 9 months.  Some 

mental and physical ailments may not be well detected by the SF-36V summary scores 

alone, and should be investigated directly.  Many mental and physical challenges of those 

serving in support of the current military engagements may have yet to emerge.  The 

Millennium Cohort Study is well poised to observe changes in health patterns many years 

following deployment. 
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TABLE 4.1. Characteristics of Millennium Cohort Study participants* by deployment frequency in support 
of the Global War on Terrorism 

 
GWOT deployment 2001-2006 

Characteristic†
Study sample 
N = 48,504 

%

Nondeployed  
N = 36,951      

 n (%) 

Deployed once 
N = 8,498 

n (%) 

Deployed more than 
once 

N = 3,055 
n (%) 

Sex
Male 72.5 25,743 (69.7) 6,810 (80.1) 2,600 (85.1)
Female 27.5 11,208 (30.3) 1,688 (19.9) 455 (14.9)

Birth year
Pre 1960 25.5 10,352 (28.0) 1,337 (15.7) 667 (21.8)
1960-1969 40.6 14,911 (40.4) 3,500 (41.2) 1,277 (41.8)
1970-1979 29.9 10,361 (28.0) 3,167 (37.3) 973 (31.9)
1980 forward 4.0 1,327 (  3.6) 494 (  5.8) 138 (  4.5)

Education
High school or less 43.1 15,871 (43.0) 3,934 (46.3) 1,109 (36.3)
Some college/bachelor’s 45.5 16,483 (44.6) 3,888 (45.8) 1,672 (54.7)
Advanced degree 11.4 4,597 (12.4) 676 (  8.0) 274 (  9.0)

Marital status 
Married 66.8 24,879 (67.3) 5,489 (64.6) 2,037 (66.7)
Never married 26.0 9,292 (25.2) 2,498 (29.4) 796 (26.1)
No longer married 7.2 2,780 (  7.5) 511 (  6.0) 222 ( 7.3)

Race/ethnicity
White non-Hispanic 71.3 26,399 (71.4) 5,874 (69.1) 2,330 (76.3)
Black non-Hispanic 12.0 4,568 (12.4) 975 (11.5) 258 ( 8.5)
Asian/Pacific Islander 8.8 3,068 (  8.3) 919 (10.8) 266 (  8.7)
Hispanic 5.7 2,126 ( 5.8) 517 (  6.1) 142 (  4.7)
Other 2.2 790 (  2.1) 213 (  2.5) 59 (  1.9)

Past mental health diagnosis‡ or taking medication 
for anxiety, depression, or stress  

 

No 91.0 33,267 (90.0) 7,967 (93.8) 2,887 (94.5)
Yes 9.0 3,684 (10.0) 531 (  6.3) 168 (  5.5)

Life stressors score
Low/Mild 84.5 30,846 (83.5) 7,417 (87.3) 2,719 (89.0)
Moderate 12.7 4,942 (13.4) 924 (10.9) 298 (  9.8)
Major 2.8 1,163 (  3.2) 157 (  1.9) 38 (  1.2)

Military pay grade
Enlisted 72.4 26,613 (72.0) 6,322 (74.4) 2,175 (71.2)
Officer 27.6 10,338 (28.0) 2,176 (25.6) 880 (28.8)

Service component
Active duty 55.1 19,544 (52.9) 5,574 (65.6) 1,582 (51.8)
Reserve/National Guard 45.0 17,407 (47.1) 2,924 (34.4) 1,473 (48.2)

Branch of service
Army 47.6 17,776 (48.1) 4,242 (49.9) 1,082 (35.4)
Air Force 29.9 10,297 (27.9) 2,618 (30.8) 1,592 (52.1)
Navy/Coast Guard 18.2 7,371 (20.0) 1,200 (14.1) 243 (  8.0)
Marines 4.3 1,507 (  4.1) 438 (  5.2) 138 (  4.5)

Occupational category
Service and functional support 29.3 11,310 (30.6) 2,276 (26.8) 609 (19.9)
Combat specialists 20.1 6,943 (18.8) 1,934 (22.8) 880 (28.8)
Health care specialists 11.7 4,836 (13.1) 665 (  7.8) 165 (  5.4)
Other 38.9 13,862 (37.5) 3,623 (42.6) 1,401 (45.9)

Pre GWOT deployment§

No 63.1 24,658 (66.7) 4,533 (53.3) 1,410 (46.2)
Yes 36.9 12,293 (33.3) 3,965 (46.7) 1,645 (53.9)

Extreme deployment < 1 month
No 95.2 36,951 (100.0) 7,621 (89.7) 1,601 (52.4)
Yes 4.8 - 877 (10.3) 1,454 (47.6)

Extreme deployment > 9 months
No 95.8 36,951 (100.0) 6,681 (78.6) 2,844 (93.1)
Yes 4.2 - 1,817 (21.4) 211 (  6.9)

Minimal time home (< 1 month) before deploying 
No 99.4 36,951 (100.0) 8,498 (100.0) 2,777 (90.9)
Yes 0.6 - - 278 (  9.1)

Deployed with combat exposures
No 88.9 36,951 (100.0) 4,491 (52.9) 1,684 (55.1)
Yes 11.1 - 4,007 (47.2) 1,371 (44.9)

*Participants completed a baseline survey between July 2001 and June 2003, and a follow-up survey between June 2004 and February 2006. 
†All unadjusted associations between deployment agreement and individual characteristics were statistically significant (p<0.01).  
‡Diagnosed with depression, schizophrenia or psychosis, manic depressive disorder, or posttraumatic stress disorder. 
§Deployment prior to Global War on Terrorism (GWOT) includes the 1991 Gulf War, and southwest Asia, Bosnia or Kosovo from 1998 through 2000. 
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TABLE 4.2. Baseline SF-36V* Mental and Physical Component Summary mean scores by Global War on Terrorism 

(GWOT) deployment characteristics of Millennium Cohort participants† (N = 48,504)  

 
Mental Component 

Summary 
Mean‡

Physical Component 
Summary 

Mean‡

Study population 53.2 53.5
GWOT deployment§

Nondeployed 53.1 53.2
Deployed once 53.3 54.2
Deployed multiple times 54.0 54.7

Extreme deployment < 1 month
No 53.2 53.4
Yes 53.8 54.6

Extreme deployment > 9 months
No 53.2 53.4
Yes 52.8 54.2

Minimal time home (< 1 month) before deploying again
No 53.2 53.4
Yes 53.9 54.9

Deployed with combat exposures
No 53.2 53.4
Yes 53.2 54.0

*SF-36V, Medical Outcomes Study Short Form 36-Item Health Survey for Veterans 

†Participants completed a baseline survey between July 2001 and June 2003, and a follow-up survey between June 2004 
and February 2006. 

‡Means are unadjusted.  Standard deviations range from 8.5 to 9.5 for Mental Component Summary scores, and from 
6.3 to 7.8 for Physical Component Summary scores. 

§GWOT; Global War on Terrorism. 
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TABLE 4.3. Adjusted mean change SF-36V* Mental and Physical Component Summary scores of Millennium 

Cohort participants from baseline (2001-2003) to follow-up (2004-2006) by Global War on Terrorism (GWOT) 

deployment characteristics (N = 48,504)  

 Mental Component Summary 
Mean† change 

Physical Component Summary 
Mean† change 

GWOT‡ deployment
Nondeployed 0.04 -1.10a

Deployed once 0.21 -1.64b

Deployed multiple times 0.23 -1.13a

Extreme deployment < 1 month
No 0.19 -1.26
Yes 0.13 -1.33

Extreme deployment > 9 months
No 0.44a -0.95a

Yes -0.13b -1.63b

Minimal time home (< 1 month) before 
deploying again  

 

No 0.07 -0.90
Yes 0.25 -1.68

Deployed with combat exposures
No 0.85a -0.97a

Yes -0.53b -1.61b

* SF-36V, Medical Outcomes Study Short Form 36-Item Health Survey for Veterans. 
† Means are adjusted for sex, age, education, marital status, race/ethnicity, past mental health (diagnosis with 

depression, schizophrenia or psychosis, manic depressive disorder, or posttraumatic stress disorder or taking 
medication for anxiety, depression, or stress), life stressors score, pay grade, service branch, service component, 
occupation, and pre-GWOT deployment, in addition to GWOT deployment characteristics listed in the table.  
Standard errors range from 0.20 to 0.57 for mean change in Mental Component Summary scores, and from 0.17 
to 0.48 for mean change in Physical Component Summary scores. 

‡ GWOT, Global War on Terrorism. 
a, b Groups with different letters have significantly different SF-36V component summary scores using Tukey’s 

adjustment for multiple comparisons (p < 0.05). 
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CONCLUSION 

The US operational unit has greatly evolved from the era of multi-year single 

deployments.1, 2 Military units today are smaller, more readily mobile, and deploy more 

quickly as a result of the threat of global terrorism.3, 4 The 1991 Gulf War ushered in a 

new way of fighting wars and began the shift to a smaller more technically advanced US 

military.2 In contrast to deployments in the first half of the century, today’s fighter is 

more likely to deploy multiple times.  Additionally, deployments to Iraq and Afghanistan, 

which comprise much of what is currently considered as the Global War on Terrorism 

(GWOT), are longer in duration than deployments during the 1991 Gulf War era.  

Deployment-related stress, including prolonged deployment, separation from family or 

home, frequent family dislocation, and other personal stress factors may explain, in part, 

increased symptom reporting among deployers of previous conflicts.5-7 Risk for anxiety 

disorders, cognitive dysfunction, lower functional status and health related quality of life 

among Gulf War deployers when compared to those not deployed during the same era has 

been reported.8-16 Much postdeployment health research has relied on either self-report 

of deployment history or electronic military records without knowledge of how well these 

two sources of deployment history compare.   

This dissertation found remarkable consistency in identifying deployment between 

self-reported deployment history and military electronic data (kappa = 0.81).  For 92% of 

the participants, data sources agreed on whether they had deployed in support of GWOT, 

while the remaining 8% had self-reported deployment and electronic records which were 

inconsistent.  Most of the inconsistency represented those who self-reported deployment 
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which could not be confirmed electronically (6%).  Among those who indicated that they 

deployed multiple times, 42% were confirmed in the electronic data.  However, 64% of 

participants self-reported all deployment dates (up to 5 deployments) within 1 month of 

their deployments on record in the electronic deployment data.  

There are practical reasons which may explain, in part, some of the self-reported 

deployment data that could not be confirmed electronically.  A small amount of 

incomplete reporting from service branch personnel offices is likely.  Delays in sending 

deployment rosters could have artificially lowered the agreement between self-reported 

deployment and electronic deployment records if files were updated after the current 

analyses were completed.  Participants traveling for training and other deployment-like 

missions could have misidentified these as deployments on their questionnaire even 

though they do not fit the hazardous duty pay criteria described within the question.  The 

amount of missing data within the electronic data which may represent classified 

operations is unknown.  Some individuals who deploy under covert operations may be 

willing to report a deployment which electronic records do not capture.  Finally, it is 

possible that some individuals misrepresent deployment for secondary gain, 17 although 

this seems less likely to have occurred in a confidential health survey.  Regardless of 

explanation, very few individuals self-reported deployment without objective 

confirmation.  

Even fewer participants were on file in the military data as having deployed without 

self-reporting they deployed (2%).  Proportionately more Air Force service members fell 

in this category.  It is possible airmen may be less likely to consider themselves as having 
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deployed, and therefore less likely to report deployment if their missions originate on US 

soil or other noncombatant military bases.  Service members who have participated in 

covert operations or other missions perceived as secret may be unwilling to share 

deployment information on the questionnaire, though the electronic database may 

accurately identify them as having deployed.  Finally, deployment rosters sent from 

personnel offices that are platoon level rather than person level could have incorrectly 

identified whether an individual actually deployed.  

Functional health, as measured by the Mental Component Summary score (MCS) 

and the Physical Component Summary score (PCS) of the Medical Outcomes Study Short 

Form 36-Item Health Survey for Veterans (SF-36V) was assessed in a cross-sectional 

manner with respect to agreement between deployment data sources.  As described 

elsewhere, participants scored higher on both the MCS and PCS, implying better health 

functioning, when compared with national norms.18 While some statistically significant 

differences were found when comparing MCS and PCS scores by deployment agreement 

of data sources, no clinically meaningful differences in functional health were found for 

the small proportion with inconsistent deployment information.  Interestingly, while 

differences in mental and physical functioning may be hypothesized to differ between 

deployers and nondeployers, little differences were found between the groups noted to be 

deployed and nondeployed by both self-report and military deployment data in the cross-

sectional analysis. 

Prospective analyses in this dissertation were consistent with findings from the 

cross-sectional observation of similar mental and physical functioning among 
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nondeployers and deployers.  At baseline, MCS and PCS scores ranged from 53.1 and 

53.2 respectively, for those who did not deploy, to 54.0 and 54.7 respectively, for those 

who deployed multiple times.  SF-36V MCS and PCS scores are linearly transformed to 

have a mean of 50, with higher scores implying better health.19 A difference of five 

points has been considered clinically and socially meaningful.20 The overall mean change 

from baseline to follow-up for both MCS and PCS decreased by less than one point but 

still above national norms for a similarly aged population.19 While mean differences 

were small, significant associations with deployment characteristics are worth 

mentioning.  Participants whose deployment lasted longer than 9 months or who deployed 

with combat exposures had significantly lower MCS and PCS scores.  Findings are 

consistent with other research among combat exposed.21-23 

Functional health scores described prospectively imply remarkable consistency in 

mental and physical health regardless of multiple deployments and other extreme 

deployment circumstances.  Service members, however, may manage the stress of 

deployment by using various coping mechanisms which may have detrimental health 

consequences.  Over an average of 2.7 years, the prevalence of smoking increased 47% in 

this Cohort.  These results are consistent with other studies reporting an increasing 

smoking trend within the military 24, 25 An increase in the number of waivers being 

granted to recruits may be one explanation.  More high school dropouts and those scoring 

below admission entry levels on aptitude tests are being admitted into the military.  

Smoking has been consistently associated with lower education,26 and was also associated 

with lower education in this Cohort.  Enlisting less educated recruits who may be more 
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likely to smoke prior to entering the military could explain some of the increase in 

smoking in the military and this study.  Findings in this dissertation further document a 

greater increase in smoking prevalence among deployers (56% increase) than 

nondeployers (44% increase).   

Among those who never smoked prior to deployment in support of GWOT, 

approximately 2% initiated smoking postdeployment.  While new initiation rates were 

relatively low, this represented an 85% increase over the new initiation rate in 

nondeployers.  In contrast to new initiation, recidivism to smoking was high (31.2%).  

Smoking relapse can be triggered by social situations and being around other smokers.27, 

28 An increase in smoking prevalence in recruits or the general military may make it 

more difficult for past smokers to resist smoking resumption.  In this group, deployment 

was also predictive of higher rates of recidivism with smoking resumption 40% higher 

among deployers than nondeployers.  Furthermore, multiple deployments, deployments 

lasting longer than 9 months, and deployment with combat exposures were all 

significantly associated with increased risk for smoking initiation and/or resumption.  

Reasons that service members report they started or resumed smoking in past studies, 

include boredom, social factors, and stress, which may be common factors to these 

deployment experiences.29, 30  Deployment measures were not, however, associated with 

change in daily smoking quantity among baseline smokers. 

Limitations to this dissertation should be noted.  The study population consists of 

a sample of responders to the Millennium Cohort questionnaire and may not be 

representative of the US military population in general.  Multiple metrics have been 
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validated and very little response bias has been identified among Millennium Cohort 

participants but, by design, participants are more likely to be previously deployed and 

women than a random sample of current military.31-37 The kappa statistic is dependent on 

the true prevalence of the variable being examined with the statistic tending toward zero 

as the true prevalence approaches 0 or 1.38 A considerable percentage of US military 

service members deployed, therefore it is believed that this dependence would have an 

insignificant effect on the findings of the deployment data source comparison.  The 

amount of missing documentation in the electronic deployment data used to identify 

deployments is unknown, however, agreement with self-reported deployment exceeded 

substantial levels.  Finally, the SF-36V, while broad in scope, does not detect all mental 

and physical challenges.  Some research suggests that combat experience may be 

associated with greater risk for mental health issues not only postdeployment, but in the 

years to follow.21-23 Therefore, it is possible that with only an average of 2.7 years of 

follow-up in the current study, larger decrements in health may have yet to surface among 

combat exposed.   

Despite these limitations, strengths of the study are noteworthy.  Research to date 

investigating postdeployment health have been prior to the current military conflicts, or 

limited by cross-sectional design, exclusion of non-deployers, or small sample sizes.  The 

longitudinal design of the Millennium Cohort Study in combination with the sequence of 

the current military conflicts allowed for the temporal observation of changing patterns in 

smoking uptake, smoking resumption, change in daily smoking quantity, and change 

mental and physical health in relation to deployment.  Additional investigation of military 
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deployment data provided the opportunity to assess the impact of multiple and extreme 

deployment experiences.  Finally, the large sample size allowed for ample power while 

considering numerous potential confounders.   

In summary, this dissertation found remarkable agreement between self-reported 

deployment history and military deployment electronic data.  This should be reassuring to 

researchers investigating military deployment as a determinant of future health who rely 

on one source to identify deployment.  Extreme deployments, including multiple 

deployments, deploying longer than 9 months, and deploying with combat exposures 

were consistently associated with smoking uptake, smoking relapse, and small 

decrements in mental and physical functioning.  Significant long-term morbidity 

associated with smoking makes prevention programs focused in this high risk population 

both of critical military importance and public health importance as this large young 

population slowly migrate into the general population.  On the other hand, only small 

changes in mental and physical functioning, of questionable clinical significance, were 

detected even when considering deployment measures.  Some mental and physical 

ailments may not be well detected by the SF-36V summary scores alone, and should be 

investigated directly.  Many health challenges of those serving in support of the current 

military engagements may have yet to emerge.  The Millennium Cohort Study is well 

poised to observe deployment-related exposures, extreme deployments, and changes in 

health patterns many years following deployment. 
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Panel 1 Wave 1; Baseline 
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Panel 1 Wave 2; Follow-up 
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