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Abstract 

Psychological problems and human error are leading causes of death and disability 

among military service members.  Strategies to improve the psychological health and cognitive 

performance of those in the military are much needed.  Recent advances in neuroscience suggest 

that omega-3 fatty acids may play an important role in the psychological well-being of those in 

the military.  The purpose of this research was to explore the relationship between omega-3 

status and psychological outcome variables among soldiers deploying to combat.  Data collection 

was preceded by the development and reliability testing of a novel food frequency questionnaire 

(FFQ) designed to capture intake from contemporary sources of omega-3 fatty acids including 

functional foods and supplements.  Based on the instrument assessment study (Chapter 2) 

conducted among university students (n = 165), this FFQ appears to be a comprehensive and 

reliable (n = 54, ρ = 0.86, p < 0.001) instrument for measuring docosahexaenoic acid (DHA) and 

eicosapentaenoic acid (EPA) intakes in young adults.  As described in Chapter 3, intake of EPA 

+ DHA as estimated by the FFQ was positively correlated (r = 0.39, p < 0.001) with biomarker 

measurements of omega-3 status.   

Primary data were obtained from a volunteer sample of soldiers (n = 272) scheduled for 

deployment to Iraq.  Preliminarily analyses revealed relationships between attention deficit 

hyperactivity disorder (ADHD) screening scores and psychological outcome variables (Chapter 

4).  Primary analyses (Chapter 5) indicated intake of EPA + DHA was not significantly 

correlated with mood, nor were omega-3 exposure variables correlated with cognitive 

performance based on the required p value (< 0.001) calculated using the Bonferroni correction 

for multiple tests.  Among participants with EPA + DHA intakes at or below the median, omega-

3 HUFA was related (p < 0.002) to happiness (β = -0.46), depression (β = 0.44), and fatigue (β = 

0.43).  Although exploratory in nature, the results of this study suggest a relationship between 

omega-3 fatty acids and mood.  Given the current concerns regarding the psychological health of 

those in the military, additional research is warranted. 
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Chapter 1 - Introduction  

As US military operations continue in Afghanistan and Iraq, the toll on the psychological 

health of those in the military has grown.  Depression, posttraumatic stress disorder (PTSD) and 

traumatic brain injury (TBI) are serious health problems common among soldiers returning from 

deployments in Afghanistan and Iraq (1, 2).  Rising suicide rates among soldiers and veterans 

have also raised concerns (3).  At the same time, and despite remarkable technological advances, 

human cognitive factors remain a major limiting factor in current military operations (4, 5).  The 

operational limitations imposed by human factors are well evidenced by the fact that human error 

accounts for approximately 80-85% of all accidents in the military (5). 

Taken together, psychological health problems and human error are leading causes of 

death and disability among service members.  Strategies to improve the psychological health and 

cognitive performance of those in the military are much needed.  The growing concerns about 

the psychological health of service members, combined with recent advances in neuroscience, 

have led researchers and clinicians to believe that omega-3 fatty acids may be an important new 

discovery in military health.  Research regarding the role of omega-3 fatty acids during 

pregnancy and infancy is well established (6).  Similarly, research into the relationship between 

cognitive health and omega-3 fatty acids is plentiful (7).  However, until very recently (8), the 

question of whether omega-3 fatty acids could be of benefit to military service members was not 

considered.  Despite the vast potential, very little research has been conducted to explore the role 

of omega-3 fatty acids in military populations (8).  

Omega-3 fatty acids are naturally occurring fats found in a variety of foods such as 

canola oil, eggs, and fish.  They are also ingested in the form of supplements and as constituents 

of omega-3 enriched functional foods.  In the US, the estimated median dietary intake of the 

long-chain omega-3 fatty acids (9) is below optimal levels (10).  However, most large 

government nutrition studies (e.g. NHANES) are not inclusive of the military, and in a recent 

study of dietary supplement use in the military (11), fish oil was reported as “other” thus 

preventing the establishment of any firm conclusions about omega-3 supplement use in this 

population.  US military service members consume food from a variety of military-affiliated 

(dining facilities, commissary, feeding rations) and non-military-affiliated (e.g. grocery stores, 
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restaurants, convenience stores) sources.  With regard to omega-3 fatty acids, the food 

environment is rapidly changing.  Omega-3 enriched products such as dairy foods and juices are 

continually being added to the market.  Sushi kiosks are appearing in both grocery stores and 

military commissaries, and omega-3 supplement use is common.  Although military feeding 

rations are relatively low in omega-3 fatty acids (12), they comprise only one part of the picture 

and it would be incorrect to make assumptions regarding intake or omega-3 status based solely 

on rations.  

The purpose of this dissertation was to explore the relationship between omega-3 status 

and psychological outcome variables among soldiers deploying to combat.  Measures of omega-

3 status included: a) eicosapentaenoic aid (EPA) + docosahexaenoic acid (DHA) intake, b) the 

percent of omega-3 highly unsaturated fatty acids (HUFA) in total HUFA of whole blood (13), 

and c) the percent of DHA in total fatty acids of whole blood.  Psychological outcomes included 

cognitive performance and mood as assessed using the Combat Stress Assessment (CSA) (14), 

the Controlled Oral Word Association Test (COWT) (15), and the Hopkins Verbal Learning 

Test-Revised (HVLT-R) (16).  To control for intervening variables, data were collected 

regarding demographic characteristics, height, weight, alcohol use, smoking status, and prior 

military deployments.  Because of the association between attention deficient hyperactivity 

disorder (ADHD) and psychological outcomes (17-19), as well as the association between 

ADHD and long-chain polyunsaturated fatty acids (20, 21), the World Health Organization Adult 

ADHD Self-Report Scale (ASRS) Screener (22) was utilized in order to explore the relationship 

between reported frequency of ADHD symptoms and outcome variables.   

 An exhaustive search of the literature and a query of the American Dietetic Association 

Research Dietetic Practice Group members failed to produce a FFQ (food frequency 

questionnaire) designed specifically to measure EPA and DHA intake in US adults.  Therefore, 

this research project began with the development and reliability testing of an appropriate FFQ.  

Using expert feedback and the literature as a guide, modifications were made to a preexisting 

FFQ used to measure fish consumption, omega-3 rich foods, and supplements (23).  Items to 

capture intake of EPA and DHA from functional foods, supplements, and contemporary sources 

(i.e. sushi) were included.  Additional items to capture intake from non-marine sources such as 

eggs and poultry have also been added.  The clarity, completeness, and repeatability of the 

questionnaire were evaluated, and a manuscript (Chapter 2) based on this work is currently under 
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review.  Chapter 3 describes the relationship between intake of EPA + DHA as estimated by the 

FFQ and biomarker measurement of omega-3 status.   

Primary data were obtained from a volunteer sample of soldiers (n = 272) scheduled for 

deployment to Iraq.  Participants were from one of two combat brigades.  One was a brigade 

combat team (BCT) from the Texas National Guard and the other was an active duty brigade 

from Kansas.  Data were collected between October 2009 and February 2010.  Due to the 

operational constraints of the military, not all participants were able to complete all components 

of the study.  As a result, subsamples were used to explore the relationship between omega-3 

exposure variables and outcome variables.   

Preliminarily analyses revealed relationships between attention deficit hyperactivity 

disorder (ADHD) screening scores and psychological outcome variables (Chapter 4).  Results of 

the primary analyses (Chapter 5) indicate intake of EPA + DHA was not significantly correlated 

with mood, nor were omega-3 exposure variables correlated with cognitive performance based 

on the p value (< 0.001) corrected for multiple tests.  However, among participants with EPA + 

DHA intakes at or below the median, omega-3 HUFA was related to scores on several of the 

mood scales.   

Although not presented as a component of my dissertation, post-deployment data were 

collected from the returning soldiers.  This data will be used to explore the relationship between 

omega-3 status and psychological outcomes following military deployment.  It will also allow 

for the measurement of any observable changes in omega-3 status and outcomes variables.  

Prior to the completion of this research, very little was known about the dietary intake of 

EPA and DHA in the military.  Although exploratory in nature, the results presented here appear 

promising and will provide a foundation for future research.  In addition to being a concern for 

those in the US military, psychological well-being is an important health concern in other 

populations as well.  Each year in the US an estimated 1.4 million individuals sustain a TBI (24).  

Age-related cognitive health issues are also a major public health concern.  With regard to 

Alzheimer’s disease alone, the prevalence rate is 19% for 75-84 year olds and 42% for those 85 

years old and older (25).  In this regard, the results presented here are relevant to the general 

population and advance the body of knowledge related to the relationship between omega-3 

status and psychological well-being.   
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Chapter 2 - Clarity, Completeness and Reliability of a Food 

Frequency Questionnaire to Measure Eicosapentaenoic Acid and 

Docosahexaenoic Acid Intakes in Young Adults  

Now under revision as Hanson, J. A., Rosenkranz, R. R., Holcomb, C. A., Haub, M. D. 

Clarity, completeness and reliability of a food frequency questionnaire to measure 

eicosapentaenoic acid and docosahexaenoic acid intakes in young adults.  J Human Nutr 

Dietetics.  (formatted to meet journal guidelines) 

 

 Abstract 

Background: Research on the health effects of omega-3 fatty acids is hindered by the lack 

of a tool specifically designed to measure intakes of long-chain omega-3 fatty acids in US 

populations.  The purpose of this study was to assess the clarity, completeness, and reliability of 

a 14-item food frequency questionnaire (FFQ) designed to measure eicosapentaenoic aid (EPA) 

and docosahexaenoic acid (DHA).  Methods: During May of 2009, college students (n = 165) 

completed the FFQ and provided feedback.  Forty-five completed the questionnaire a second 

time allowing for the evaluation of test-retest reliability.  Results: None of the students reported 

consuming a food rich in EPA or DHA that was not included in the FFQ.  Uncertainty regarding 

omega-3 functional foods was listed as a reason by eight of the twelve who felt one or more of 

the questions were difficult to answer.  Students reported that the amount of fish they ate 

changed based on the season (18%; n = 30), religious or cultural practices (20%; n = 33), and the 

school year (40%; n = 66).  Overall instrument reliability (n = 54) was strong (ρ = 0.86, p < 

0.001).  Reliability for each of the non-functional food items ranged from moderate to strong (ρ 

= 0.48 to 0.86, p < 0.001).  Conclusions: Overall reliability of the FFQ is good.  Season, cultural 

and religious practices, and the school year appear to influence fish consumption and should be 

considered when measuring omega-3 fatty acids.  Unfamiliarity regarding omega-3 functional 

foods may be problematic in this population. 
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 Introduction 

 

The omega-3 fatty acids have become some of the most widely studied nutrients of the 

decade.  Long-chain omega-3 fatty acids, particularly eicosapentaenoic acid (EPA) and 

docosahexaenoic acid (DHA), have been linked to an array of favorable health outcomes in 

numerous studies (Hu et al., 2003, Schaefer et al., 2006, Wang et al., 2006, Hallahan et al., 2007, 

Dunstan et al., 2008, de Goede et al., 2010, Farzaneh-Far et al., 2010, Gopinath et al., 2010, 

Naqvi et al., 2010).  Nonetheless, contradictory results have been reported (Brouwer et al., 2006, 

Rogers et al., 2008, Carney et al., 2009, van de Rest et al., 2009, Djousse et al., 2011), and the 

essentiality of these nutrients lacks consensus (International Society for the Study of Fatty Acids 

and Lipids, 2004, Institute of Medicine, 2005, Kris-Etherton et al., 2007, Harris et al., 2009, 

Kris-Etherton et al., 2009).  Without a doubt, there is much work yet to be done before the issues 

surrounding the long-chain omega-3 fatty acids are resolved.  One aspect of research that could 

benefit from additional study is the development of sound methodology to measure long-term 

intakes of EPA and DHA (Overby et al., 2009).   

Seafood, particularly oily fish, is a rich source of EPA and DHA.  However, US 

consumers ingest EPA and DHA from a variety of supplements and foods including eggs, 

poultry, milk, juices, vegetable oil spreads, and sushi.  In fact, fish oil and other long-chain 

omega-3 supplements are the most commonly used non-vitamin, non-mineral supplements in the 

US (Barnes et al., 2008), and since 1988, roughly 2,200 foods containing EPA and DHA have 

been introduced worldwide (Ismail, 2009).  Consumer research indicates almost one third of US 

adults have purchased a food, drink, or supplement containing omega-3 fatty acids (Mintel, 

2008).   

Thus far, measurements of omega-3 fatty acid intakes in US populations have not kept 

pace with consumer trends by taking into account all sources of long-chain omega-3 fatty acids.  

For example, one recently developed omega-3 food frequency questionnaire (FFQ) included 

sushi but did not include eggs, chicken, or functional foods (Sublette et al., 2011).  Currently, a 

convenient and comprehensive instrument specifically designed to measure EPA and DHA 

intakes in US populations does not appear to exist.  Therefore, a 14-item FFQ was developed to 

measure consumption of these fatty acids.  This newly developed FFQ takes approximately five 

minutes to complete and was designed to prevent excessive participant burden while measuring 
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the relationship between EPA and DHA intakes and variables related to cognition and mood 

among young adults.  The purpose of this study was to estimate the performance of this FFQ 

among young adults.  Questionnaire clarity, completeness, and reliability were evaluated, while 

factors related to the repeatability of the instrument were explored. 

 

 Materials and Methods 

 Sample 

A self-administered survey containing both the FFQ and a set of instrument evaluation 

questions was administered to a mixed-gender convenience sample of college students in May of 

2009.  To assess the test-retest reliability of the FFQ, a subset of participants willing to complete 

the survey a second time was identified.  These students were given postage-paid return 

envelopes and instructed to complete and return the second survey in two weeks.  At four weeks 

and again at six weeks, students who had not completed and returned the second survey were 

emailed a note reminding them to return the survey.  All surveys returned between two and eight 

weeks were included in the test-retest reliability analysis.   

Students were awarded ten points (one percent of total points) for completion of the 

initial survey.  An alternative assignment worth the same number of points was available for 

those who did not want to participate in the initial survey.  Students who completed and returned 

the second FFQ were entered into a drawing in which three $25 retail gift cards were awarded.  

This protocol was approved by the Kansas State University Institutional Review Board 

(Appendix A), and all participants were required to provide written informed consent prior to 

participation. 

 

 Questionnaire 

Using expert feedback and the literature as a guide, a semi-quantitative FFQ was 

developed by modifying an existing FFQ that had been validated in an Australian population 

(Mina et al., 2007).  The original FFQ was condensed and modified to reflect the food choices 

available to consumers in Northeast Kansas.  The newly developed FFQ (Appendix B) included 

seven items related to seafood consumption.  Five of the seafood items were based on the 
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seafood items found on the Fred Hutchinson Cancer Research Center General FFQ (2001).  Two 

seafood items were added to measure intake from sushi and sardines.  In all, the newly developed 

FFQ included 14 items to capture intake of EPA and DHA from: 1) seafood, 2) poultry and eggs, 

3) omega-3 functional foods, and 4) dietary supplements.   

Participants were instructed to indicate how often they ate each food item during the 

previous six months.  Nine response options were possible, and the options ranged from “never” 

to “two or more per day.”  Participants were also instructed to indicate their usual serving size 

relative to a medium size (e.g., four ounces or 113 grams) serving.  Size choices were “small,” 

“medium,” and “large.”  A small serving was one-half (0.5) the medium serving size, and a large 

serving was one-and-one-half (1.5) times the medium serving size.  A photo of a plated four-

ounce portion of fish was used to help participants increase the accuracy of their estimates.  The 

omega-3 supplement usage was measured by asking participants to write in the type and normal 

daily amount of supplements taken.  

For each item on the FFQ, an average daily intake of EPA + DHA was calculated based 

on the fatty acid content of the item and the frequency and potion size in which it was consumed.  

The EPA + DHA content for each item was determined using the US Department of Agriculture 

National Nutrient Database for Standard Reference, Release 22 (US Department of Agriculture, 

2009).  As several items listed more than one type of fish, item values were based on an average 

of the fatty acid content.  When available, consumption pattern trends were used to calculate a 

weighted average (US Department of Agriculture, 2005).  The EPA + DHA content for sushi 

was determined using the number of times each type was mentioned to calculate a weighted 

average based on the top five types of sushi mentioned.  For supplements and items not listed in 

the US Department of Agriculture database, fatty acid content data were obtained either from the 

product labels or from product representatives.  The average intakes from each item were then 

summed to give an overall total, as well as categorical totals for seafood, chicken and eggs, 

functional foods, and supplements. 

In addition, a set of questions was developed to evaluate the clarity and completeness of 

the FFQ, as well as estimate the impact of seasonal, cultural, and religious factors on seafood 

consumption.  This set of questions was included with the FFQ and included questions with 

nominal response choices (i.e., “yes” or “no”) as well as open-ended questions (i.e., “if yes, 

explain”).  
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 Statistical Analyses 

Data analyses were performed using Predictive Analytics Software (version 18, 2009, 

SPSS, Inc, Chicago, IL).  As the purpose of this study was to assess the performance of the FFQ, 

outlier values were not excluded from the analyses.  Frequencies and percentages were 

calculated for categorical data.  Percentages were calculated based on the number of complete 

responses.  Mean and median values for average daily EPA + DHA intakes were calculated for 

each item, for all four categories of items (i.e., seafood, chicken and eggs, functional foods, and 

supplements), and for the overall total.  FFQs with missing responses were not included in the 

EPA + DHA calculations for the categories to which the missing response belonged, nor were 

they included in the calculation of total EPA + DHA.  However, the responses to individual 

items from these surveys were retained during item analyses. 

Because intake values for the fatty acids were not normally distributed, non-parametric 

statistical analyses were performed.  Test-retest reliability was evaluated using Spearman rank 

order correlation coefficients to measure the correlation between the fatty acid intake values 

obtained from the initial FFQ with those obtained on the repeat FFQ.  Cohen’s kappa coefficient 

was used to measure test-retest agreement for omega-3 supplement use.  Mann-Whitney U tests 

were conducted to explore the relationship between categorical variable responses and fatty acid 

intake.  

 Results 

 Initial Survey 

The initial survey participation rate was 83.7% (n = 165).  The EPA + DHA intakes were 

positively skewed with values clustering at the low end.  Calculation of total EPA + DHA 

intakes was possible for 144 participants and ranged from zero to 2734 mg/day with a mean of 

189 mg/day, a median of 87.9 mg/day, and a standard deviation of 346 mg/day.  The contribution 

of each category to the mean was as follows: fish and seafood 65% (122 mg/day), dietary 

supplements 19% (36 mg/day), chicken and eggs 13% (24 mg/day), and omega-3 functional 

foods 3% (6 mg/day). 

Twenty-nine percent of participants (n = 47) consumed at least one omega-3 functional 

food, 21.3% (n = 35) had eaten sushi, 12.2 % (n = 18) consumed seafood twice a week or more, 
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and nine percent (n = 15) had taken an omega-3 supplement.  Although sushi was consumed by a 

sizeable proportion of participants, the calculated EPA + DHA content for sushi (143 

mg/serving) was relatively low compared to the average content of other seafood items (796 

mg/serving).  Sushi was consumed less often than any of the other seafood items except sardines 

and accounted for less than one percent (1 mg/day; 0.76%) of the EPA + DHA intake.  The most 

commonly listed types of sushi were California rolls, which were listed 13 times and accounted 

for 34% of all types listed, and salmon, which was listed seven times and accounted for 18.4% of 

all types listed.    

Forty percent of the participants indicated that the amount of fish they ate changes during 

the school year.  Among those who said fish consumption changed during the school year, 

explanations varied.  Comments such as “I eat it a lot in school year” and “mom hates [fish] and 

won’t let me cook it at home,” indicated consumption increased during the school year for some, 

while other comments such as “my family cooks more fish than the cafeteria,” and “when home 

my family eats a lot of the fish we catch” indicated fish consumption decreased during the school 

year.  Nonetheless, the majority (61%) wrote in comments that indicated consumption increased 

while they were at home.  

Twenty percent 20.1% (n = 33) of the students indicated that the amount of fish they ate 

changed throughout the year for religious or cultural reasons and 18% (n = 30) said fish 

consumption changed based on the season.  All of the students who indicated that the amount of 

fish they ate changed throughout the year for religious or cultural reasons cited the Christian 

liturgical season of Lent as an explanation.  

With regard to evaluation of the FFQ’s completeness, 3.0% (n = 5) said they consumed 

omega-3 foods not incorporated in the FFQ.  The following four foods comprised the list of 

foods that were consumed but not incorporated into the FFQ: flaxseed, peanut butter, granola 

bars, and flatbread.  With regard to clarity, 7.2% of the participants (n = 12) said they had trouble 

understanding or answering one or more questions.  Of the 12 participants who identified clarity 

as a concern, eight cited issues related to the omega-3 functional foods.  Select representative 

responses from those who experienced confusion regarding omega-3 functional foods are 

provided in Table 2.1.  Mann-Whitney U tests were conducted to explore the relationship 

between seasonal, cultural, and school-related factors and omega-3 fatty acid intake from 

seafood.  Students whose fish intake changed based on the season and those whose intake 
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changed based on the school year had higher omega-3 intakes than those who intake did not 

change (see Table 2.2).  

 Retest Survey 

Of those students who took part in the initial survey, 54 agreed to complete the FFQ a 

second time.  Forty-five of those who agreed to complete the survey a second time did so, 

yielding a return rate of 83.3% for the repeat survey.  Results of the test-retest reliability 

assessment of food items are presented in Table 2.3.  Test-retest reliability correlation 

coefficients for each of the non-functional food items and the overall scale were significant and 

ranged from ρ = 0.48 to 0.86; p < 0.001.  Correlation coefficients for each of the functional food 

items were low and/or non-significant.  Test-retest agreement for omega-3 supplement use was 

high with 97.6% (n = 41) of participants providing the same answer on both FFQs (Κ = 0.844; p 

< 0.001).  

 

 Discussion 

With a correlation coefficient of ρ = 0.86, overall test-retest reliability was good.  Test-

retest agreement for omega-3 supplement use was excellent with 97.6% (n = 41) of participants 

supplying the same answer on both questionnaires (Κ = 0.844; p <0 .001).  The FFQ appears to 

contain a comprehensive list of food items for this sample of the population, as the foods listed in 

response to the completeness evaluation question were not rich in EPA or DHA.  Nonetheless, 

participant feedback and the decreased test-retest coefficients for these foods, suggest 

unfamiliarity regarding omega-3 functional foods may be problematic when measuring intakes 

from these food sources.  This finding substantiates earlier consumer research in which 26% of 

respondents said that they were uncertain whether or not they had purchased a food, drink, or 

supplement that contained omega-3 fatty acids (Mintel, 2008).  Even though the contribution of 

functional foods was only three percent of the total EPA + DHA intake, additional work is 

needed to improve the reliability of the FFQ items related to these foods.  Using product names 

and pictures, as well as having participants specify the name of the products they consume, may 

improve the performance of the FFQ.   
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A sizeable proportion of the participants indicated their fish consumption changed 

throughout the year due to cultural, seasonal or school-related factors.  Participants who 

indicated their fish consumption changed based on the season and those who said it changed 

based on the school year both had significantly higher intakes of omega-3 fatty acids from 

seafood.  Although the relationship between these factors cannot be fully elucidated from this 

study, these results reinforce the importance of taking seasonal factors into consideration when 

measuring EPA + DHA intake.   

The positive skewing of EPA + DHA intake has been reported in other omega-3 fatty 

acid studies conducted in the US (Farzaneh-Far et al., 2010, Sublette et al., 2011).  A large 

proportion (87.2%) of the participants consumed fish less often than the commonly 

recommended frequency of twice per week (United Kingdom Scientific Advisory Committee on 

Nutrition and Committee on Toxicity, 2004, Lichtenstein et al., 2006, American Diabetes 

Association, 2007, Kris-Etherton et al., 2007).  An even larger proportion (94.3%) of participants 

had EPA + DHA intakes below 500 mg/day which is the lower-bound threshold of what is 

generally considered to be the ideal intake level (International Society for the Study of Fatty 

Acids and Lipids, 2004, Kris-Etherton et al., 2007).  Nonetheless, mean intake of EPA + DHA 

was higher than that previously reported in studies conducted through the year 2000 (Allison et 

al., 1999, Ervin et al., 2004).  Unfortunately, there are few current studies to use for comparison.  

That said, EPA + DHA intake in the present study was lower than that reported in a study 

published in the year 2006 in which the EPA + DHA intake in cardiac patients was reported as 

280 mg/day based on three 24-hour food recalls (Ritter-Gooder et al., 2006).  Conversely, results 

in the present study are comparable to those obtained in the years 2006-2008 from adults in the 

greater metropolitan New York City area (Sublette et al., 2011).  In that study, which utilized a 

FFQ and did not include supplement users or collect intake from functional foods, eggs, or 

poultry, mean intakes among healthy adults were 31 mg/day for EPA and 55 mg/day for DHA.  

In the present study, mean intakes of DHA and EPA were 56 mg/day and 65 mg/day, 

respectively, once the contribution from supplements, functional foods, poultry, and eggs were 

excluded. 

Of clinical relevance is the finding that roughly one in ten participants reported omega-3 

supplement use.  This finding reinforces the importance of addressing supplement usage during 

dietary assessments.  In addition, the reporting of omega-3 supplement appears to be reliable, 
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and to the best of our knowledge, this is the first time that the reliability of omega-3 supplement 

reporting has been measured.  

Although reproducibility evaluations are useful, and high test-retest correlations are 

desirable, reproducibility evaluations alone do not constitute a sufficient instrument evaluation 

(Willet, 1998).  Modifications to improve the clarity of the omega-3 functional food items and 

subsequent validation are still needed.  Since FFQs have a tendency to overestimate absolute 

intake, this instrument would be best suited for studies designed to rank participants based on 

their relative intake of EPA + DHA.  In addition, because this study was conducted among 

college students in Kansas, the results are not necessarily generalizable to populations from 

different geographic locations or with lower literacy levels. 

 

 Conclusions 

Currently, an up-to-date and convenient method to assess EPA and DHA intakes in US 

adult populations does not appear to exist.  The FFQ evaluated in this study was developed to fill 

that void.  The preliminary performance of this self-administered FFQ has been favorable.  With 

additional development and subsequent validation, this FFQ has the potential to become an easy-

to-administer instrument for ranking individuals based on their usual intake of EPA + DHA.  

Such an instrument could easily be adapted for other populations and will be key in 

understanding the relationship between intakes of long-chain omega-3 fatty acids and health 

outcomes.  
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 Tables 

 

Table 2.1  Selected responses from participants who experienced confusion regarding omega-3 

functional foods 

“How do I know what is omega-3 enriched?” 

“I'm not aware of my omega 3 intake.” 

“Not sure whether or not I have eaten omega-3 enriched foods.” 

“Explain omega 3 enriched foods.” 

“I don't know if the stuff I eat is omega-3 enriched.” 

“I don't know if foods are enriched.” 
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Table 2.2  Social and environmental factors and EPA + DHA intake from seafood 

Factor   n 
Median 

mg/day 
Mean Rank U p

a
 

          

    Culture/ Religion       

          Yes   29 58 84.90 
1366 0.103  

          No 117 40 70.68 

      

     Season      

          Yes   25 66 96.24 
 919   0.002* 

          No  120 36 68.16 

      

     School Year      

          Yes   53 81 96.14 
1264 

 

  <0.001**           No    93 23 60.60 

      
a 

Mann-Whitney U tests were used to determine significance 

* < 0.01;  ** < 0.001 
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Table 2.3  Test-retest correlation coefficients for EPA + DHA intakes measured using 14-item 

food frequency questionnaire 

FFQ Items n 
Spearman’s 

rho 
p 

    

Seafood    

     Canned Tuna 44 .80 < 0.001 

     Fried Fish 43 .64 < 0.001 

     Fried Shellfish 44 .70 < 0.001 

     Sardines 41 .83 < 0.001 

     Baked White Fish 44 .76 < 0.001 

     Baked Dark/Oily Fish 43 .48 < 0.001 

     Sushi 43 .58 < 0.001 

     All Seafood 38 .84 < 0.001 

    

Other Food    

     Dark Chicken 43 .79 < 0.001 

     Eggs 45 .67 < 0.001 

     Dark Chicken & Eggs 43 .68 < 0.001 

    

Functional Food    

     Omega-3 eggs 44 .52 < 0.001 

     Omega-3 margarine 42 .42    0.005 

     Omega-3 milk 44 .17    0.267 

     Omega-3 juice 44 .14    0.360 

     All Functional Foods 42 .24    0.127 

    

Supplements 42 .86 < 0.001 

    

Total All Sources  31 .86 < 0.001 
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Chapter 3 - The Relationship between Omega-3 HUFA Score and 

Intake of Eicosapentaenoic and Docosahexaenoic Acids 

 

 Abstract 

Background: Although positive health outcomes have been associated with biomarker 

and diet measurements of omega-3 fatty acids, correlations between dietary intake estimates and 

biomarkers have generally not been strong.  This paper describes the observed relationship 

between intake of docosahexaenoic acid (DHA) and eicosapentaenoic acid (EPA) as determined 

by a food frequency questionnaire (FFQ) and the percent of omega-3 highly unsaturated fatty 

acids (HUFA) in total HUFA of whole blood.  Highly unsaturated fatty acids are those fatty 

acids with 20 or more carbons and three or more double bonds.  Methods: A volunteer sample of 

deploying soldiers (n = 191) provided blood samples, completed the FFQ, and answered 

demographic and health-related questions.  Following regression analysis, log 10 transformation 

was performed on the omega-3 HUFA scores and the FFQ-based intakes of EPA + DHA to 

reduce skewness, to reduce the number of outliers, and to improve homoscedasticity of the 

residuals.  Assignment to quintiles was made according to FFQ-based intake of EPA + DHA and 

omega-3 HUFA score.  Results: The FFQ-based intake of EPA + DHA was positively correlated 

with omega-3 HUFA score (r = 0.39), as well as with DHA (r = 0.33), and omega-3 

polyunsaturated fatty acids (r = 0.24).  Omega-3 HUFA scores were higher (p < 0.01) among 

those who took an omega-3 supplement, among those who consumed sushi, among those who 

consumed omega-3 functional foods, and among those who ate seafood at least twice a week.  

Sixty-four percent of the participants were assigned to either the same or an adjacent quintile.  

Conclusion: The correlation of r = 0.39 achieved in this study is adequate and consistent with 

those that have been reported for other studies correlating estimated dietary intake and biomarker 

measures of omega-3 status.   
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 Introduction 

The relationship between omega-3 fatty acids and health outcomes has been the topic of 

numerous population-based studies (1, 2).  Both biological markers of tissue status and estimated 

dietary intakes of omega-3 fatty acids have been linked to a wide variety of favorable health 

outcomes.  An assortment of biological markers of omega-3 fatty acid status have been utilized 

in research (3), and many including whole blood docosahexaenoic acid (DHA) and 

eicosapentaenoic acid (EPA) (4), plasma phosphatidylcholine (PC) DHA (5), and erythrocyte 

membrane omega-3 fatty acids (6) have been associated with favorable health outcomes in 

population based studies.  Similarly, a variety of dietary assessment methods have been used to 

determine omega-3 fatty acid intake, and a number of these methods including 24-hour dietary 

recall (7), diet history (8), and food frequency questionnaire (FFQ) (9-11) have also been 

associated with health benefits. 

Despite the positive health outcomes associated with biomarker and estimated dietary 

intake measurements of omega-3 fatty acids, correlations between diet and biomarkers have 

generally not been strong (12).  Individual responses to changes in omega-3 fatty acid intake 

vary dramatically (13), and factors such as gender (14), age (15, 16), BMI (15), and smoking 

status (16) are associated with differences in various omega-3 biomarkers.  Recently, Plourde et 

al (17) detected differences in plasma omega-3 fatty acids based on allele variant of the 

apolipoprotein E gene.  These influences suggest that the lack of strength between dietary 

assessment and biomarker measures may not be due in large part solely to methodological error 

and that each category of assessment may represent separate yet correlated variables.  Taking 

this concept into consideration, the concurrent use of dietary intake and biomarker measures 

appears to be the better approach to understanding the relationship between omega-3 fatty acids 

and health outcomes.  Yet, it appears that compared to the large number of studies which have 

employed a single method of determining omega-3 status, relatively few studies have 

simultaneously measured both dietary and tissue omega-3 fatty acids.   

As part of a study designed to investigate the relationship between omega-3 fatty acids 

and psychological well-being among deploying soldiers, both dietary intake and tissue status of 

the long-chain omega-3 fatty acids were measured.  Dietary intake of EPA + DHA was measured 

using a semi-quantitative 11-item FFQ.  This instrument was designed to minimize participant 

burden while taking into account consumer trends and encompassing all major sources of long-
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chain omega-3 fatty acids currently being ingested by young adults in the US.  Omega-3 tissue 

status was determined by measuring the percent of omega-3 highly unsaturated fatty acids 

(HUFA) in total HUFA of whole blood (18), herein referred to as the omega-3 HUFA score.  

Highly unsaturated fatty acids are defined as those fatty acids with 20 or more carbons and three 

or more double bonds.  This method of determining omega-3 tissue status has the advantage of 

being minimally invasive, low cost, and conducive to off-site work.  The purpose of this paper is 

to describe the observed relationship between dietary intake of EPA + DHA, as determined by 

the FFQ, and tissue omega-3 status, as determined by the omega-3 HUFA score.    

 

 Subjects and Methods   

 Subjects 

A volunteer sample of soldiers (n = 191) scheduled for deployment to Iraq provided 

blood samples, completed the FFQ, and answered a set of demographic and health-related 

questions.  Participants were from one of two combat brigades.  One was an active duty brigade 

from Kansas and the other was a brigade combat team (BCT) from the Texas National Guard.  

Data collection took place October 2009 through February 2010.  The participants completed the 

study approximately one month prior to deployment.  It was made clear to all potential subjects 

that participation was strictly voluntary and was not part of their required military duty.  The 

soldiers did not receive compensation for their participation.  This protocol was approved by, and 

was conducted in accordance with the ethical standards of, the Kansas State University 

Institutional Review Board.  After being provided a complete description of the study, all of the 

soldiers recruited for this study were required to provide written informed consent prior to 

participation.  

 

 EPA + DHA Intake 

An 11-item FFQ was used to measure consumption of EPA + DHA during the preceding 

six-month period.  This FFQ was self-administered and included items to capture intake of EPA 

and DHA from: 1) seafood, 2) poultry and eggs, 3), omega-3 functional foods, and 4) dietary 

supplements.  Development and assessment of the FFQ is described in detail in Chapter 2.  
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Based upon the initial assessment study, this FFQ appears to be a comprehensive and reliable (n 

= 54, ρ = 0.86, p < 0.001) instrument for measuring EPA + DHA intakes in young adults.  

Consumer research (19), as well as participant feedback from the FFQ assessment study, suggest 

unfamiliarity regarding functional foods is problematic, as was evidenced by the low test-retest 

coefficient obtained for the functional food items (n = 42, ρ =0.24, p = 0.127) during assessment.  

As a result of this finding, pictures and open-ended questions in which participants specified 

products by name were used to improve the instrument performance.  In all, the FFQ contained 

11 items to measure EPA + DHA.  For the nine items related to seafood, egg, and poultry 

consumption, participants indicated their usual serving size and frequency of consumption by 

selecting from the response options provided.  For the two items related to functional foods and 

supplements, participants were asked to specify the product and usual quantity consumed.  

Participants were also asked to specify the type of sushi they consume.  The EPA + DHA content 

of each food item was determined using the US Department of Agriculture National Nutrient 

Database for Standard Reference, Release 22 (US Department of Agriculture, 2009) (20).  For 

supplements and items not listed in the US Department of Agriculture database, the omega-3 

content was obtained either from the product labels or from product representatives.  Because the 

omega-3 information obtained from product labels and representatives was typically given as the 

total amount of EPA + DHA, intakes for the separate fatty acids from these sources could not be 

determined.  As such, total intake (i.e., intake from all sources) could only be calculated as EPA 

+ DHA.  

 

 Demographic and Health-Related Behaviors   

A self-administered questionnaire was used to measure demographic characteristics, 

smoking status, alcohol use, height and weight.  

  

 Omega-3 HUFA Score  

Non-fasting fingertip prick blood samples were collected on strips of chromatography 

paper treated with BHT and acetone as described previously (21).  The samples were placed in 

cryogenic containers and allowed to dry overnight before being stored at -80°C until analysis.  A 

one-step, direct transesterification fatty acid analysis accelerated by microwave irradiation was 
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developed from Lepage & Roy (22) and used for the determination of fatty acid in filter paper 

blood sample.  The reaction reagents included, 2 mL of methanol: hexane (4:1, v/v), 200 µl of 

acetyl chloride, and 10 µg of 22:3n-3 ethyl ester as internal standard per sample.  The reagents 

were contained in a chemical safe vessel and reacted at 125°C for 5 minutes in a multimode 

microwave system (MARS, CEM Corporation, Matthews, NC).  Afterwards, the samples were 

chilled in ice, neutralized by an addition of 5 mL of 6% Na2CO3 solution and centrifuged at 

1,700 g x 4 minutes.  The upper organic phase was collected and reduced to ~ 50 µl under 

nitrogen prior to being placed in an autosampler tray of gas chromatograph (GC).  One to two µl 

of the reduced organic phase was injected into GC for data acquisition.  A 7890A GC system 

(Agilent Technologies, Inc.; Santa Clara, CA) coupled with a fused-silica, narrow-bored DB-

FFAP capillary column (15 m x 0.1 mm I.D. x 0.1 μm film thickness) was used for 

chromatographic separation of the fatty acid methyl esters (FAME) as reported previously (23).  

Data were expressed as the percentage of each fatty acid in total weight of the identified fatty 

acids in each sample (wt %).   

 Statistical Analysis.  

Data analyses were performed using Predictive Analytics Software (version 18, 2009, 

SPSS, Inc, Chicago, IL).  As the purpose of this study was to assess the relationship between the 

values obtained using the FFQ and the fingertip prick method, outlier values were not excluded 

from the analyses.  Blank responses on the FFQ were quantified as zero.  Mean, median, and 

standard deviations were calculated for continuous variables.  Frequencies and percentages were 

calculated for categorical data.  Means and percentages were calculated based on the number of 

complete responses.  Pairwise exclusion was used to exclude cases only if they were missing 

data for a specific analysis.  Statistical regression analysis using backwards deletion was 

conducted with omega-3 HUFA score as the dependent variable and FFQ-based intake of EPA + 

DHA, gender, age, smoking status, alcohol consumption, body mass index (BMI), and location 

as the independent variables.  Following visual inspection of the scatter plot of the residuals 

between the obtained and the predicted omega-3 HUFA values (Figure 3.1), log 10 

transformation was performed on omega-3 HUFA and intake of EPA + DHA to reduce 

skewness, to reduce the number of outliers, and to improve homoscedasticity of the residuals 

(Figure 3.2).  To allow analysis inclusive of the individual fatty acids, log 10 transformations 
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were also performed on these variables.  Pearson’s correlation coefficients were conducted to 

measure bi-variant correlations, and independent t-tests were conducted to explore the 

relationship between categorical variables and omega-3 HUFA scores as well as the FFQ-based 

intake of EPA + DHA.  Except for removal of variables from the regression analysis which was 

based on a significance of p < 0.10, two-tailed tests and a significance level of p < 0.05 were 

used for all analyses. 

 Results 

 Sample Characteristics 

The majority (65%; n = 124) of the participants were from the National Guard and 92% 

(n = 176) were male.  Age in years ranged from 18 to 54 with a mean age of 29.3 (SD = 8.0).  

More than half (59%; n = 133) were married, and all but one had completed high school or an 

equivalent.  Mean BMI was 27.5 kg/m
2 

(SD = 4.0).  Sixty-five percent identified themselves as 

non-Hispanic Caucasian.  Compared to the National Guard, the Active Duty soldiers were 

younger, had a lower BMI, and were less likely to report regular daily alcohol consumption.  

Additional demographic and health related characteristics by service component are summarized 

in Tables 3.1 and 3.2. 

 FFQ 

The FFQ-based intakes of EPA + DHA were positively skewed with values clustering at 

the low end.  Total EPA + DHA intakes ranged from zero to 1918 mg/day with a mean of 301 

mg/day, a median of 206 mg/day, and a standard deviation of 325 mg/day.  The contribution of 

each category to the mean was as follows: fish and seafood 64.5% (194 mg/day), dietary 

supplements 22.9% (69 mg/day), chicken 4.3 % (13 mg/day), eggs 6.3 % (19 mg/day), and 

omega-3 functional foods 2.0% (6 mg/day). 

Eighteen percent of participants (n = 35) consumed at least one omega-3 functional food, 

35.6% (n = 68) had eaten sushi, 12.2 % (n = 18) consumed seafood twice a week or more, and 

13.1% (n = 25) had taken an omega-3 supplement.  Sushi was consumed by a sizeable proportion 

of participants, and accounted for three percent (10 mg/day; 0.76%) of the FFQ-based intake of 

EPA + DHA.  The most commonly listed types of sushi included those types made with salmon 
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and tuna.  The FFQ-based intake of EPA + DHA was higher among the National Guard 

participants (Table 3.2) and among those 29 years old and older (Table 3.3). 

 

 Omega-3 HUFA Scores 

The omega-3 HUFA scores ranged from 11.4% to 33.0% with a mean of 16.9% (SD 3.1) 

and a median of 16.5%.  The omega-3 HUFA score did not differ significantly based on military 

service category (Table 3.2).  Omega-3 HUFA score was positively correlated with DHA, EPA, 

and DPA (Table 3.5).  The correlations between omega-3 HUFA score and arachidonic acid 

(AA), linoleic acid (LA), and α-linolenic acid (ALA) were not significant (Table 3.5).  The 

correlation between omega-3 HUFA score and time to last meal was also not significant (Table 

3.5).  The omega-3 HUFA scores were lower among smokers, and those 28 years old and 

younger (Table 3.4).  

 

 Relationship between FFQ-Based Intake of EPA+ DHA and Omega-3 HUFA Scores 

The FFQ-based intake of EPA + DHA was positively correlated with omega-3 HUFA 

score (r = 0.39), as well as with DHA, and omega-3 polyunsaturated fatty acids (PUFA) (Table 

3.5).  Omega-3 HUFA scores were higher among those who took an omega-3 supplement, 

among those who consumed sushi, among those who consumed omega-3 functional foods, and 

among those who ate seafood at least twice a week (Table 3.6). 

The results of the regression analysis with omega-3 HUFA score as the dependent 

variable are presented in Table 3.7.  Collinearity diagnostics indicated the assumption of non-

collinearity was met for this analysis.  Five of the independent variables (FFQ-based intake of 

EPA + DHA, alcohol consumption, smoking status, service component, and age) were retained 

while two (BMI and gender) were eliminated.  Intake of EPA + DHA (β = 0.38) made the largest 

contribution to the model.  

For both the FFQ-based intakes of EPA + DHA and the omega-3 HUFA scores, 

participants were ranked and assigned to quintiles with the lowest value being assigned a rank of 

one, and the lowest rank being assigned to quintile one.  Agreement of quintile assignment was 

measured and is presented in Table 3.8.  Sixty-four percent of the participants were assigned to 

either the same or an adjacent quintile. 
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 Discussion 

The correlation between the FFQ-based intakes of EPA + DHA and the omega-3 HUFA 

score is comparable to those that have been reported for the relationship between other dietary 

assessment and biomarker methods.  In a review of dietary assessment methodologies (12), 

unadjusted correlations between biomarkers and FFQ estimates of individual omega-3 fatty acids 

ranged from 0.18 for EPA and plasma phospholipids to 0.58 for EPA and serum phospholipids.  

Sullivan et al (24) attained a correlation of 0.54 between FFQ estimates of omega-3 long-chain 

PUFAs and plasma fatty acids, while Lucus et al (25) obtained a correlation of 0.42 between 

FFQ estimates of EPA + DHA and red blood cell membrane measurements of the corresponding 

fatty acids.   

The participants in the current study had lower omega-3 HUFA scores (16.9% ) 

compared to the 20.2 % reported by Metherel et al (26) for young men and women from Ontario 

who were consuming 0.22% of energy as omega-3 polyunsaturated fat.  The omega-3 HUFA 

score and the FFQ-based intake of EPA + DHA in the present study were also lower than the 

28.8% omega-3 HUFA score and the 350 mg/day (SD 508) food record estimate for EPA + 

DHA reported by Fratesi et al (27) for older adults.  Noteworthy in the study by Fratesi et al (27) 

is the fact that estimates of EPA + DHA based on duplicate food collection were significantly 

lower compared with estimates based on the dietary records, but estimates based on both 

methods were strongly correlated.  This finding illustrates the inconsistencies typically 

encountered when attempting to quantify omega-3 intake using dietary assessment methods, and 

suggests dietary assessment techniques are best suited to studies in which the objective is to rank 

participants based on their relative intake.  

There are few US studies by which to compare intake of EPA + DHA.  Nonetheless, EPA 

+ DHA intake in the present study was higher than that obtained from adults in the greater 

metropolitan New York City area during the years 2006-2008 (28).  In that study, which utilized 

a FFQ and did not include supplement users or collect intake from functional foods, eggs, or 

poultry, mean EPA + DHA intake was 86 mg/day.  In the present study, mean intake of EPA + 

DHA was 194 mg/day once the contribution from supplements, functional foods, poultry, and 

eggs were excluded.  

Several limitations need to be considered with regard to the interpretation of the current 

results.  This study was not designed to be a validation study, but rather an investigation into the 
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relationship between omega-3 fatty acid status and psychological well-being among soldiers.  As 

such, the variables included in this report were only a few of numerous (social, cognitive and 

psychological) variables measured.  Given the average amount of time required to complete the 

study (~ 1 ½ hours) and the somewhat chaotic circumstances under which data were collected, it 

is unlikely that participants completed the questionnaires as diligently as they would have under 

more ideal conditions.  

An additional limitation of the study was the fact that we did not control for energy 

intake, ALA intake, or intake of the omega-6 fatty acids.  One participant who was consuming 

3000 mg of flaxseed oil daily exemplified the disadvantage of not controlling for these additional 

dietary factors.  Although the conversion of ALA to the longer chain fatty acids is limited (29), 

this individual who was taking flaxseed oil had a an estimated EPA + DHA intake of 480 mg/day 

and a percent  n-3 HUFA score of 23.0 which was well above the mean and put him above the 

95th percentile for omega-3 HUFA scores.  

As was the case in our assessment study, measuring intake from omega-3 functional 

foods was problematic in the current study.  Eighteen percent of the participants left the question 

regarding functional foods blank.  Other participants wrote in the names of omega-3 functional 

food products (particularly yogurt) that had been removed from the market over the course of 

time and for which information pertaining to the omega-3 content was no longer available.  

Nonetheless, despite these issues, individuals who reported omega-3 functional food use had 

higher omega-3 HUFA scores.   

Because this study was based on the self-reported behavior of a volunteer sample, it 

should be noted that the participants’ dietary intake and health related behaviors may have 

differed from those of the non-participants.  In addition, because this study was conducted 

among soldiers from Texas and Kansas the results are not necessarily generalizable to civilian 

populations or to populations from different geographic locations.  In addition, it should be noted 

that the differences observed between military service category (e.g. FFQ-based intake of EPA + 

DHA) could have just as well been related to the inherent geographical differences that exist 

between the two groups.     

In summary, the methods we employed minimized participant burden in a number of 

important aspects.  Participants were not required to fast, the amount of blood collected was 

minimal, and the time spent completing the FFQ (approximately 5-10 minutes) was relatively 
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short.  We were able to use the fingertip prick method in an off-site setting and ship or transport 

the samples back to our lab without the need for refrigeration or temperature control, and by 

comparison to other biomarker methods, analysis of percent n-3 HUFA is relatively low cost.  

Given the constraints of the research setting, and the benefits of the methods we utilized, the 

correlation of 0.39 achieved in this study is adequate and consistent with those that have been 

reported for other studies correlating dietary estimates and biomarker measures of omega-3 

status.   
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 Figures and Tables 

 

Figure 3.1 Scatter plot of predicted values and residuals from regression analysis using 

backwards deletion with omega-3 HUFA score as the dependent variable and FFQ-based intake 

of EPA + DHA, gender, age, smoking status, alcohol consumption, body mass index (BMI), and 

location as the independent variable 
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Figure 3.2 Scatter plot of predicted values and residuals from regression analysis using 

backwards deletion with log 10 omega-3 HUFA score as the dependent variable and log 10 FFQ-

based intake of EPA + DHA, gender, age, smoking status, alcohol consumption, body mass 

index (BMI), and location as the independent variables 
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Table 3.1  Characteristics by military service category 

         

 National Gaurd  Active Duty    
Characteristic         

       χ
2
 p 

 n %  n %    

         

Gender         

     Male 116 93.5  60 89.5  
0.96 0.327 

     Female 8 6.5  7 10.5  

         

Marital Status         

    Married 70 56.5  43 64.2  

1.08 0.300     Single, divorced,                                               

seperated                                             
54 43.5 

 
24 35.8  

         

 Education         

     Less than college degree 92 74.2  55 82.1  
1.53 0.216 

     College degree 32 25.8  12 17.9  

         

 Race/Ethnic Category         

     Non-Hispanic Caucasian 76 61.3  48 71.6  
2.05 0.153 

     All other  48 38.7  19 28.4  

         

 Alcohol Use*         

     Less than one drink/day 79 69.2  53 79.1  
4.53 0.033 

     One or more drinks/day 44 35.8  14 20.9  

         

 Smoking Status         

    Non or ex-smoker  85 68.5  42 62.7  
0.67 0.671 

    Current smoker 39 31.5  25 37.3  

         

 
 *Groups differ, p < 0.05 
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Table 3.2  Additional characteristics by military service category 

           

 National Guard   Active Duty     

Characteristic           

 n mean SD  n mean SD df
c
 t p

c
 

           

Age* 123 30.5 8.7  67 27.2 6.1 176.5 3.12 0.003 

           

BMI* 123 27.9 4.2  67 26.7 3.4 163.5 2.12 0.036 

           

Intake EPA + DHA
a
* 124 2.33 0.42  67 2.14 0.54 109.3 2.58 0.011 

           

Omega-3 HUFA score
b
 124 1.22 0.08  67 1.23 0.05 181.8 -0.86 0.390 

 

a
Log10 transformed value obtained using the FFQ 

b
Log10 transformed percent omega-3 highly unsaturated fatty acids (HUFA) in total HUFA 

of whole blood  

c
Equal variances not assumed 

*Groups differ, p < 0.05 
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Table 3.3  Comparison of intake of EPA + DHA
a
 by sample characteristics 

        

    Intake of EPA + DHA 

        
Characteristics n df  Mean SD t p 

        
Gender 176 

189 
 2.27 0.45 

0.61 0.552 
     Male 15  2.17 0.65 
     Female        

        
 Age*        
     28 or younger 104 

188 
 2.20 0.46 

-2.01 0.045 
     29 or older 86  2.34 0.48 
        
Marital Status        
    Married 113 

189 
 2.27 0.47 

2.90 0.772 
    Single, divorced, separated 78  2.25 0.47 

        
 Education        
     Less than college degree 147 

189 
 2.24 0.47 

-1.32 0.188 
     College degree 44  2.35 0.47 

        
 Ethnic Category        
     Non-Hispanic Caucasian 124 

189 
 2.27 0.51 

0.08 0.935 
     All other  64  2.26 0.40 
        
 Alcohol Use        
     One or more drinks/day 132 

188 
 2.24 0.50 

-0.97 0.340 
     Less than one drink/day  58  2.31 0.39 
        
 Smoking Status        
     Never or former smoker 127 

189 
 2.29 0.48 

1.05 0.296 
     Current smoker 64  2.21 0.46 
        

 

a
Log 10 transformed value obtained using the FFQ 

*Groups differ, p < 0.05 
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Table 3.4  Comparison of omega-3 HUFA score
a
 by sample characteristics 

        

    Omega-3 HUFA Score 

        
Characteristics n df  Mean  SD t p 

        
Gender 176 

189 
 1.22 0.07 

-2.63 0.793 
     Male 15  1.23 0.07 
     Female        

        
 Age*        
     28 or younger 104 

188 
 1.21 0.07 

-2.55 0.012 
     29 or older 86  1.24 0.08 
        
Marital Status        
    Married 113 

189 
 1.23 0.07 

1.47 0.142 
    Single, divorced, separated 78  1.21 0.07 

        
 Education        
     Less than college degree 147 

189 
 1.22 0.07 

-1.71 0.089 
     College degree 44  1.24 0.08 

        
 Ethnic Category        
     Non-Hispanic Caucasian 124 

189 
 1.22 0.08 

-0.77 0.444 
     All other  64  1.23 0.07 
        
 Alcohol Use        
     One or more drinks/day 132 

188 
 1.22 0.07 

0.030 0.976 
     Less than one drink/day  58  1.22 0.08 
        
 Smoking Status*        
     Never or former smoker 127 

189 
 1.23 0.08 

2.78 0.006 
     Current smoker 64  1.20 0.06 
        

 

 a
Log 10 transformed percent omega-3 highly unsaturated fatty acids (HUFA) in total HUFA of whole 

blood 

*Groups differ, p < 0.05 
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Table 3.5 Correlations between omega-3 HUFA score
a
, intake of EPA + DHA

b
, time to last meal

c
, and individual fatty acids

d
 

 Omega-3 

HUFA 

score 

Omega-

3 PUFA 
DHA EPA DPA n-3 ALA AA LA 

Omega-3 

HUFA score 
-   0.82**    0.62**    0.62**    0.29** 0.07 0.06  0.06 

Intake EPA + 

DHA  
   0.39**   0.24**    0.33** 0.01 0.00 0.06 0.11  0.04 

Time to last 

food  
0.01 -0.05 0.08 0.08 0.11   -0.23** 0.12 -0.18* 

 

a
Log 10 transformed percent omega-3 highly unsaturated fatty acids (HUFA) in total HUFA of whole blood

  

b
Log 10 transformed value obtained using the FFQ

 

c
Time to last meal is self reported time in hours since last ingesting a food other than black coffee, diet soda, or water. 

d
Log 10 transformed value of the percent by weight of total fatty acids in whole blood 

Pearson Correlation was used to determine significance 

*p < 0.05;  **p < 0.01 
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Table 3.6  Comparison of omega-3 HUFA score
a 
by dietary practices 

       

Dietary Practice n df Mean SD t p 

       

Omega-3 Supplement Use*       

     Yes 25 
183 

1.26 0.07 
2.97 0.003 

     No 160 1.21 0.07 

       

Functional Food Use*       

     Yes 35 
155 

1.24 0.08 
2.62 0.010 

     No 122 1.21 0.07 

       

Sushi Consumption*       

     Yes 68 
188 

1.24 0.08 
3.02 0.003 

     No 122 1.21 0.07 

       

Consumed Seafood at Least 

Twice a Week* 
      

     Yes 82 
189 

1.24 0.07 
3.11 0.002 

     No 109 1.21 0.07 

 

 

a
Log 10 transformed percent omega-3 highly unsaturated fatty acids (HUFA) in total HUFA of whole 

blood  

*Groups differ, p < 0.01 
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Table 3.7  Results of regression analysis with omega-3 HUFA score
a
 as dependent variable 

Independent variables B SE B β t F p 

       

Intake EPA + DHA
b
 0.060 0.012 0.382 5.07  <0.001 

Alcohol -0.004 0.003 -0.132 -1.70    0.092 

Smoking -0.022 0.012 -0.139 -1.86    0.065 

Service Component 0.022 0.012 0.142 1.81    0.072 

Age  0.001 0.001 0.158 2.05    0.042 

       

Model     9.33 <0.001 

       

       

 

a
Log 10 transformed percent omega-3 highly unsaturated fatty acids (HUFA) in total HUFA of whole blood 

b
Log 10 transformed value obtained using the FFQ 

Model R = 0.50 
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       Table 3.8  Agreement of quintile assignment between EPA + DHA intakes
a
 and omega-3 HUFA score

b
 

 

         a
Log 10 transformed value obtained using the FFQ 

         b
Log 10 transformed percent omega-3 highly unsaturated fatty acids (HUFA) in total HUFA of whole blood 

 

 

 Intake EPA + DHA
a
 vs. Omega-3 HUFA Score

b
 

 EPA + DHA Intake 

Quintile 
Same Adjacent Misclassified 

1 (n = 39) 12 10 17 

2 (n = 38) 12 15 11 

3 (n = 38) 6 16 16 

4 (n = 38) 12 16 10 

5 (n = 38) 16 7 15 

Total n (%) 58 (30%) 64 (34%) 69 (36 %) 
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Chapter 4 - Attention Deficit Hyperactivity Disorder Subtypes and 

their Relation to Cognitive Functioning, Mood States, and Combat 

Stress Symptomatology in Deploying U.S. Soldiers 

Submission pending as Hanson JA, Haub MD, Junnila JL, Johnston DT, Nelson Goff, 

BS, Dretsch MN.  Attention Deficit Hyperactivity Disorder Subtypes and their Relation to 

Cognitive Functioning, Mood States, and Combat Stress Symptomatology in Deploying U.S. 

Soldiers.   

Abstract 

Objective: There is a paucity of information about attention deficit hyperactivity disorder 

(ADHD) in the US military.  This article describes the relationship between ADHD subtypes and 

neuropsychological function among deploying US soldiers.  Methods: Soldiers (N = 260) 

scheduled for deployment to Iraq provided demographic information and completed the World 

Health Organization Adult ADHD Self-Report Scale (ASRS) Screener.  Cognitive tests, a 

deployment health history questionnaire, and the PTSD (posttraumatic stress disorder) Checklist-

Military Version (PCL-M) were completed by subsamples of available participants.  Spearman 

correlation coefficients and Mann-Whitney U tests were used to explore the relationships among 

variables.  Results: The prevalence of positive ASRS screens in the overall sample was 10.4 %.  

ASRS scores were correlated with avoidance (N = 63, ρ = 0.37, p = 0.003), hyperarousal (N = 

63,  ρ =0.25, p = 0.047), and total (N = 62, ρ = 0.33, p = 0.009 ) PTSD scores, scores on the 

match-to-sample (N = 110, ρ = -0.23, p = 0.014) and emotional Stroop (N = 108, ρ = -0.23, p = 

0.016) tasks, and all six mood (e.g., anger, anxiety) scale scores (N = 110; ρ = -0.37 to 0.43).  

Those with positive ADHD scores had both higher overall PTSD scores (p = 0.011) and PTSD 

avoidance scores (p = 0.031).  Conclusions: The prevalence, functional difficulties, and co-

morbidities of ADHD are similar among military and non-military populations.  However, with 

regard to cognitive functioning, mood, and combat stress symptomatology, these novel findings 

suggest a differential pattern between subtypes of ADHD. 
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Introduction 

 

With an estimated prevalence of roughly 4-5% (1, 2), adult attention deficient 

hyperactivity disorder (ADHD) is one of the most commonly occurring DSM-IV-TR disorders in 

the US.  ADHD is characterized by problems with attending to external and internal stimuli, 

organizing and completing tasks, and controlling impulses, emotions, and behaviors (3).  Based 

on the DSM-IV-TR, ADHD is comprised of three subtypes; 1) inattentive, 2) 

hyperactive/impulsive, and 3) combined.  Whereas ADHD is a well-recognized disorder of 

childhood, adult ADHD has now come into the clinical spotlight (4).  Although the 

neurobiological bases for ADHD is not fully understood, frontal system dysfunction as well as 

dopaminergic and noradrenergic deficits have been implicated (3).  

Individuals with adult ADHD are more likely to experience diminished functioning and 

are also more likely to suffer from mood, substance abuse, and anxiety disorders (1, 2).  Young 

motor vehicle drivers with ADHD face an increased likelihood of having a traffic accident as 

well as an increased likelihood of having their license suspended (5).  Attention deficient 

hyperactivity disorder is associated with a higher incidence of depression and posttraumatic 

stress disorder (PTSD) (1), as well as substance abuse and dependency (6).  

The consequences of the impaired neuropsychological functioning and increased co-

morbidity associated with ADHD has important implications in combat scenarios.  Although 

potentially waiverable, historically, a diagnosis of ADHD disqualified an individual from 

military service.  In the year 2004, the Army standard for initial military service was modified.  

Under the new policy ADHD is no longer considered a disqualifying condition if the applicant 

has not taken medication for the condition within the last year, and can demonstrate passing 

academic performance (7).  Soldiers may remain on Active Duty if they do not exhibit 

significant inattention or impulsivity traits (7).  However, adult ADHD is often missed, 

undiagnosed, and may go unreported during military entrance examinations.  An anecdotal report 

exists (8), but there is a scarcity of information regarding the prevalence of and factors associated 

with adult ADHD in the military.  One study of military service members utilizing mental health 

services while in Iraq found that among those with a prior psychiatric diagnosis, the highest rate 

of relapse was among those with ADHD (9).  Little else has been published on the topic.  As part 

of a study designed to investigate the relationship between lifestyle factors and psychological 
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resilience among deploying soldiers, we examined the relationship between inattention, 

hyperactivity/impulsiveness, mood, cognition, and PTSD symptoms.   

 

Methods 

Subjects 

A volunteer sample of soldiers (N = 260) scheduled for deployment to Iraq provided 

demographic information and completed a set of questions related to ADHD.  Participants were 

from one of two combat brigades from Kansas and Texas.  Data collection occurred from 

October 2009 through February 2010.  The participants completed the study roughly one month 

prior to deployment.  The soldiers were not compensated for their participation.  This protocol 

was approved by the Kansas State University Institutional Review Board.  After being given a 

complete description of the study, all of the soldiers recruited for this study were required to 

provide written informed consent prior to participation. 

Demographic and Health-Related Behaviors  

 A self-administered questionnaire was used to measure demographic characteristics, 

height, weight, smoking status, alcohol use, and caffeine consumption.   

 

Inattention and Hyperactivity/Impulsiveness  

Inattention and hyperactivity/impulsivity were measured using the World Health 

Organization Adult ADHD Self-Report Scale (ASRS) Screener (10).  This screener was 

administered with the demographic and health-related behavior questions.  Six questions (four 

inattention questions and two hyperactivity/impulsivity questions) comprise this validated self-

administered tool.  Numeric values ranging from zero to four were assigned to responses with 

zero assigned to the least frequent (i.e., “never”) and four assigned to the most frequent (i.e., 

“always”).  Using the zero to 24 scoring approach described by Kessler (10), a score of 14 or 

more on the ASRS was categorized as a positive screen.  The ASRS has an alpha reliability 

coefficient of 0.77 and a receiver operating characteristic curve (area under the curve; AUC) of 

0.90 (10). 
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Cognitive Performance and Mood  

All neurocognitive tests and questionnaires were administered by trained research 

personnel.  Cognitive performance was assessed using the following measures: 

 Combat Stress Assessment 

 The Combat Stress Assessment (CSA) (11) contains a battery of validated subtests (see 

below) of attention, memory, and executive functions administered on a handheld computer.  

The CSA has been used in prior studies and has been shown to be sensitive to 

neuropsychological functioning in soldiers (11) and civilians (12). 

a) Sleep Scale.  Participants rated their degree of alertness and sleepiness on a seven-step 

 scale with the value of one being assigned to the most rested and alert state.  Unlike the 

 remaining CSA tasks listed below, sleep scale scores served as a control variable rather 

 than an outcome variable.  

b) Mood Scale.  The seven mood categories measured include vigor, happiness, 

 depression, anger, fatigue, anxiety, and restlessness.  A total of 42 adjectives describing 

 feelings (six for each scale) appeared on the screen and participants used zero-to-six 

 visual analog scales to indicate how well each of these words represented their feelings.  

 The lower the scale scores the less agreement indicated.  

c)  Pursuit Tracking.  A moving target depicted as a bull’s-eye moved across the screen 

 and participants were instructed to follow the target across the screen using the stylus.  

d) Simple Reaction Time.  An asterisk appeared on the screen and participants responded 

 as quickly as possible by tapping the asterisk.   

e) Code Substitution.  A key of symbols and numbers appeared on the screen.  A symbol 

 and number pair also appeared on the screen below the key.  Respondents indicated 

 whether or not the pair matched the key.  

f) Procedural Reaction Time.  Numbers appeared on the screen and participants 

 responded by tapping the box that corresponded to each of the numbers.  

g) Go-no-Go Reaction Time.  An asterisk or a plus sign appeared and participants 

 responded by either tapping the screen when the asterisk appeared or doing nothing when 

 the plus sign appeared.  
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h) Match-to-Sample.  A pattern appeared on the screen and then disappeared.  

 Participants were then presented with two patterns and responded by tapping the pattern 

 that matched the initial pattern.  

i) Code Substitution Recall.  A number and symbol pair appeared on the screen and 

 participants indicated whether the pair matched based on the key they saw in the code 

 substitution test.   

j) Stroop.  Words written in various colors appeared on the screen.  Participants 

 responded by tapping a box that matched the color of the word rather than the meaning of 

 the word.  Sub-set categories included congruent (color and meaning of word agreed), 

 incongruent (color and meaning of word differed), neutral (nonsense words appeared), 

 and emotional (combat related words such as “I.E.D” and “convoy” appeared).   

 

Pursuit tracking task scores were recorded as percent of time on target.  In contrast, for 

the tasks listed in the above section (d – j), a throughput score (average number of correct 

responses per minute) was used as a measure of performance.  

Controlled Oral Word Association Test  

The Controlled Oral Word Association Test (COWAT) (13), is a semantic fluency test in 

which participants had one minute to say as many words as possible that start with a given letter.  

This test measures verbal fluency and is sensitive to linguistic impairment and early mental 

decline (14) and has an alpha reliability coefficient of 0.88.   

Hopkins Verbal Learning Test-Revised  

The Hopkins Verbal Learning Test-Revised (HVLT-R) (15) is a test of memory of 

semantic categorical words.  Participants received three learning trials, a delayed recall trial, and 

a delayed recognition trial.  The test has been shown to be sensitive to cognitive decline in 

demented patients (16) and has an alpha reliability coefficient of 0.74.  

The mean t-score based on age for trials one through three was used as the performance 

measure on the HVLT-R (17), whereas the total number of correct responses adjusted for gender 

and education was used as the measure of performance on the COWAT (18). 
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 PTSD Symptoms and Deployment Health History 

The US Department of Veterans Affairs Operation Iraqi Freedom/Operation Enduring 

Freedom Veterans Health Questionnaire was used to collect health information pertaining to 

prior military deployments (19).  This questionnaire includes a validated traumatic brain injury 

(TBI) screen and the PTSD screen described below. 

 PTSD Checklist-Military Version (PCL-M) 

The PTSD Checklist-Military Version (PCL-M) (20) is a 17-item self-report measure of 

the DSM-IV symptoms of PTSD.  It has a test-retest reliability of 0.96, internal consistency 

(alpha coefficient) of 0.93 for B symptoms (i.e., re-experiencing), 0.92 for C symptoms (i.e., 

effortful avoidance), 0.92 for D symptoms (i.e., hyperarousal), and 0.97 for all 17 symptoms.  An 

example of an item includes “Feeling very upset when something reminded you of a stressful 

military experience?” 

 

Statistical Analysis  

Data analyses were performed using Predictive Analytics Software (version 18, 2009, 

SPSS, Inc, Chicago, IL).  Means and standard deviations were calculated for continuous 

variables.  Frequencies and percentages were calculated for categorical data.  Means and 

percentages were calculated based on the number of complete responses.  Due to operational 

time constraints, not all participants were able to complete all components of the study.  Pairwise 

exclusion was used to exclude cases only if they were missing data for a specific analysis.  

Demographic and health-related behavior responses were collapsed into meaningful categories to 

allow for comparison of ASRS, hyperactivity/impulsivity and inattention scores using Student’s 

independent sample t-tests.  For example, caffeine intake was categorized as 150 mg/day 

(content of approximately two cups of coffee) or less.  Because many of the cognitive test scores, 

mood scales scores, and PCL-M scores were not normally distributed, non-parametric statistical 

analyses were performed in analysis of these scores.  Spearman rank order correlation 

coefficients were used to measure the correlation between cognitive, mood, and PCL-M scores 

and ASRS scores.  Mann-Whitney U tests were conducted to explore the relationship between 



53 

 

ASRS screen category and cognitive, mood, and PCL-M scores.  Two-tailed tests and a 

significance level of p < 0.05 were used for all analyses.  

Results 

Sample Characteristics  

 Two hundred sixty participants provided demographic information and completed the 

ASRS.  Age in years ranged from 18 to 56 with a mean age of 28.97 (N = 259; SD = 7.91).  

More than half (56%; N = 145) were married, and all but one had obtained a high school degree 

or higher.  Mean body mass index was 27.41 kg/m
2 

(N = 259; SD = 4.07).  Additional 

demographic and health related characteristics are summarized in Table 4.1.  

  

ASRS Scores  

 The ASRS scores ranged from 0 to 24 with a mean of 9.18 (SD = 3.40).  The prevalence 

of positive ASRS screens was 10.4 % (N = 27).  The ASRS scores were correlated with 

hyperactivity/impulsivity (N = 260, ρ = 0.69, p < 0.001) and inattention scores (N = 260, ρ = 

0.83, p < 0.001) scores.  Hyperactivity/impulsivity and inattention scores were also correlated (N 

= 260, ρ = 0.20, p = 0.001).  The ASRS scores and hyperactivity/impulsivity scores differed 

among numerous demographic (Table 4.2) and health behavior categories (Table 4.3).  The 

ASRS scores were higher among participants less than 28 years old, those who were not married, 

those who had not obtained a college degree, and those who identified themselves as non-

Hispanic Caucasian.  The ASRS scores were also higher among smokers, those who consumed 

alcohol daily, and those who consumed 150 mg or more of caffeine per day.  

Hyperactivity/impulsivity scores were higher among participants less than 28 years old, those 

who had not obtained a college degree, and those who identified themselves as non-Hispanic 

Caucasian.  Hyperactivity/impulsivity scores were also higher among smokers, those who 

consumed alcohol daily, and those who consumed 150 mg or more of caffeine per day.  

Inattention scores did not differ among the demographic and health behavior categories. 
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ASRS Scores and Cognition 

One hundred thirty participants completed the HVLT-R, 100 participants completed the 

COWAT, and 110 participants completed the CSA.  The mean t-scores for trials one through 

three of the HVLT-R was 46.7 (SD = 8.2).  For the COWAT, the mean number of correct 

responses adjusted for gender and education was 41.6 (SD = 9.8).  The ASRS scores and 

inattention scores were negatively correlated with performance scores on several of the CSA 

cognitive tests (Table 4.4).  Correlations between hyperactivity/impulsivity and cognitive test 

scores were not significant.  Participants with positive ASRS screens had significantly lower 

performance scores for the procedural reaction time task (U = 283.5; p = 0.009), the go-no-go 

task (U = 319.5; p = 0.025) and the Stroop emotional task (U = 300.5; p = 0.018).  The 

performance scores for the remaining tasks did not differ by ASRS screen category.    

 

ASRS Scores and Mood   

Mean mood scale scores ranged from 12.3 (SD = 13.8) for depression to 65.1 (SD = 17.2) 

for happiness.  Scores for both anger and depression were positively skewed with 23% (N = 25) 

of participants obtaining a score of zero on the depression scale and 27% (N = 30) obtaining a 

score of zero on the anger scale.  The ASRS, inattention, and hyperactivity/impulsivity scores 

were correlated with numerous mood scale scores (Table 4.4).  Participants with positive ASRS 

screens had significantly higher restlessness scores (U = 298.5; p = .014).  The mood scale scores 

for the remaining mood items did not differ significantly by ASRS screen category. 

 

ASRS Scores, PCL-M Scores, and Deployment Health History 

One hundred fifty-five participants provided information regarding prior deployments.  

Of these 47% (N = 73) had been on one or more previous deployment and 86% (N = 63) of those 

who had been on a previous deployment completed the PLC-M.  Scores for the individual scale 

items ranged from 1.1 (SD = 0.3) for “trouble remembering important parts of a stressful military 

experience from the past,” to 2.0 (SD = 1.0) for “trouble falling or staying asleep.”  PCL-M total 

scores ranged from 17 to 41 with a mean score of 24.9 (SD = 6.6).  Total ASRS scores and 

hyperactivity/impulsivity scores were correlated with PCL-M scores (Table 4.4), and participants 
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with positive ASRS screen had higher PCL-M avoidance subscale scores and higher total PCL-

M scores (Table 4.5).   

Among those who had been on previous deployments, 97% (N = 71) provided 

information regarding deployment related injuries.  Of these, 47% (N = 34) indicated they 

sustained an injury from various causes (e.g., bullet, motor vehicle accident, fall, physical 

training) during deployment.  Participants who reported a deployment related injury had 

significantly lower cognitive scores and significantly higher PCL-M re-experiencing scores 

(Table 4.6).  Mood scores did not differ based on injury category.  Among those reporting a 

deployment related injury, 50% (N = 17) reported symptoms consistent with mild (m)TBI, and 

among these 65% (N = 11) indicated they were currently experiencing problems that they 

thought might be related to a possible head injury or concussion (e.g., ringing in the ears, sleep 

problems, irritability).   

 

Sleep Scale Scores 

Of those participants who completed the sleep scale, 80% (N = 87) depicted themselves 

as something other than fully alert.  Sleep scale scores were correlated with ASRS (ρ = 0.26, p = 

0.007), inattention (ρ = 0.29, p = 0.002), happiness (ρ = -0.58, p < 0.001), depression (ρ = 0.27, p 

= 0.005), fatigue (ρ = 0.54, p < 0.001), restlessness (ρ = 0.25, p = 0.009), vigor (ρ = -0.65, p < 

0.001), and match-to-sample throughput (ρ = -0.20, p = 0.036) scores.  Among the participants 

who depicted themselves as fully awake and alert, ASRS correlated with PCL-M avoidance (N = 

8, ρ = 0.72, p = 0.044) and PCL-M total (N = 8, ρ = 0.93, p = 0.001) scores.  Among the 

participants who depicted themselves as something other than fully awake and alert, ASRS 

scores correlated with all of the mood scores (N = 87) with correlations ranging from ρ = -0.40 

(p < 0.001) for happiness to ρ = 0.46 for restlessness (p < 0 .001).  Among those not fully awake, 

ASRS scores also correlated with match to sample (N = 87, ρ = -0.22, p = 0.040), Stroop 

emotional (N = 85,ρ = -0.23, p = 0.032), PCL-M avoidance (N = 34, ρ = 0.48, p = 0.004), PCL-

M hyperarousal (N = 34, ρ = 0.38, p = 0.027), and PCL-M total (N = 33, ρ = 0.43, p = 0.012) 

scores.  Sleep scale scores did not differ based on injury category (See Table 4.6).   

 



56 

 

Discussion 

The prevalence of positive ASRS screens in this sample (10.4%) was nearly identical to 

the prevalence rate (11.0 %) obtained in a representative sample of health plan members (10).  

For the most part, the relationships between demographic and health behavior characteristics and 

ASRS scores were consistent with what has been reported previously.  ASRS scores were higher 

among non-Hispanic whites, and this finding corresponds with the results found in a nationally 

representative sample, in which non-Hispanic whites had higher estimated odds of ADHD (1).  

In addition, ASRS scores were lower among those with a college degree, and this is consistent 

with the findings from a multi-national study in which those with less than a college degree had 

higher estimated odds of ADHD (2).  Although the incidence of ADHD has been found to be 

higher among males (1, 2), we did not detect a difference in ASRS scores based on gender.  

However, due to the relatively small number of female participants this finding should be 

interpreted with caution. 

The positive correlations between ASRS scores and mood scale scores, as well the 

positive correlation between ASRS scores and PCL-M, are consistent with earlier studies in 

which the estimated odds of depression, anxiety, and PTSD were higher among those with 

ADHD (1).  As reported previously in a study of U.S. service members returning from military 

deployments, “trouble falling or staying asleep” was the PCL-M item with the highest mean 

score (21).     

The data collected from our subjective reports of ADHD was supplemented by behavioral 

findings that correlate with the inattention, hyperactivity/impulsivity, and combined subtypes.  

More specifically, while all three subtypes were correlated with mood symptom scores, the 

inattention subtype was most strongly associated with cognitive decrements in attention as 

assessed by the automated CSA, but not the traditional pencil-and-paper neuropsychological tests 

(i.e., HVLT and COWAT).  Furthermore, PTSD symptom scores were only correlated with the 

hyperactivity/impulsivity and combined subtypes of ADHD, but not with inattention.  These 

findings are of particular importance in that they might indicate that specific subtypes of ADHD 

are more vulnerable to developing PTSD symptoms when exposed to traumatic events as 

experienced in combat environments.  Recent evidence (22) suggests a differential pattern of 

adjustment problems in early adulthood based on ADHD subtypes.  However, these subtypes 

fluctuate across childhood development, and should therefore, not be considered discrete and 
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stable categories.  Further support for increased risk for psychopathology in 

hyperactivity/impulsivity subtype is revealed in a recent structural brain imaging study.  

Diffusion tensor imaging (DTI) is a magnetic resonance imaging technique based on the 

movement of water molecules, or anisotrophic diffusion, for measuring thickness of myelin 

sheaths and axons, distributions of directions, and density of white matter tracts (23).  Konrad 

and colleagues (24) used DRI to show a correlation between impulsivity in adults with ADHD 

and frontal white matter tracts of the brain (e.g. orbitofrontal fibre tracts) that have also been 

implicated with PTSD (25, 26).  

Our results did not show a correlation between reported injury and mood scores.  

However, reported injury was associated with lower cognitive scores, and higher PTSD re-

experiencing scores.  Although both mTBI and ADHD are strongly associated with similar 

attentional impairments, the small number of participants reporting symptoms or problems 

consistent with mTBI prevented meaningful analysis of this subgroup.   

Limitations  

It is important to consider several details with respect to the interpretation of the current 

results.  This was a descriptive study, and as such, no attempt was made to establish a causal 

effect among the variables investigated.  In addition, this study was based on the self-reported 

behavior and symptoms from a volunteer sample, and not clinical interviews.  As such, screening 

instrument scores (not diagnosis of ADHD and PTSD) were used to explore the relationships 

among variables.  Participants’ performance and responses may have differed from those of non-

respondents, and the stigma associated with mental health problem (15) may have resulted in 

reluctance to report negative feeling and behaviors.  Although self-reported data are typically 

considered a limitation by researchers, reports indicate that the ASRS has adequate sensitivity 

(68.7%), excellent specificity (99.5%), excellent accuracy (97.9%), and good kappa scores (0.76) 

(27).  Lastly, it should be pointed out that although measures were taken to minimize 

distractions, this study was not conducted in a controlled testing environment.  Nevertheless, 

taken as a whole, this study adds to both the limited body of information available on ADHD in 

the military and the understanding of the potential influence adult ADHD may have in the 

performance and resilience of soldiers deploying to combat.   
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Conclusions 

 In the current study, ADHD symptom scores were associated with a number of 

demographic and health behavior characteristics, mood reports, and PTSD scores.  The 

relationship between these variables is complex; however, the general magnitude of the 

correlations between hyperactivity/impulsivity scores with both mood and PTSD scores appear 

to be stronger than that between inattentive subtype of ADHD and cognitive outcomes.  

Particularly noteworthy is the fact that in this sample of deploying soldiers, mood was not related 

to prior deployment injury reports, whereas hyperactivity/impulsivity, cognition, and PTSD re-

experiencing scores were.  Research is needed to build upon the findings in the current study.  

Our results suggest the prevalence, functional difficulties, and co-morbidities of adult ADHD are 

similar among military and non-military populations (i.e. civilians).  Given our findings and the 

current operational demands being placed on members of the U.S. military, it is imperative the 

relationship between these variables becomes better understood.  In the interim, as has been 

suggested to health care providers in general (28), military health care providers should also 

consider the possibility of ADHD in adults with co-morbid conditions. 
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 Tables 

Table 4.1  Characteristics of sample 

 Total Sample 

(N = 260)  

Characteristics N percent 

   

Gender    

Male 236 90.8 

Female  24  9.2 

   

Ethnicity   

Caucasian 154 59.2 

Hispanic  71 27.3 

African American  21  8.1 

Asian   6  2.3 

Native American   3  1.2 

Pacific Islander   1  0.4 

Other   4  1.5 

   

Smoking    

Never smoked 112 43.1 

Current smoker  92 35.4 

Former smoker  56 21.5 

   

Alcohol Use    

None  93 35.9 

Less than 1 drink/day  87 33.6 

1-2 drinks/day  44 17.0 

3 or more drinks/day  35 13.5 
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Table 4.2  Comparison of ASRS, hyperactivity/impulsivity and inattention scores by demographic characteristics 

   
ASRS 

 
Hyperactivity/ Impulsivity 

 
Inattention 

 

      

                  
Characteristics 

N 
 Mea

n  
SD t p 

 Mea

n 
SD t p 

 Mea

n 
SD t p 

 

                  

Gender                  

     Male 236  9.2 3.4 
0.27 0.785 

 4.2 1.8 
-0.91 0.366 

 5.0 2.6 
1.03  0.302 

 

     Female   24  9.0 3.5  4.6 2.2  4.4 1.9  

                  

 Age*                   

     Less than 28 136  9.7 3.4 
2.61 0.010 

 4.7 1.8 
3.72 <0.001 

 5.1 2.6 
0.85 0.399 

 

     28 or older 123  8.6 3.3  3.8 1.8  4.8 2.4  

                  

Marital Status*                  

    Single 115  9.7 3.6 
2.23 0.027 

 4.5 1.8 
1.92 0.056 

 5.2 2.7 
1.62 0.107 

 

    Married 145  8.8 3.2  4.1 1.8  4.7 2.3  

                  

 Education*                  

     Less than college degree 203  9.3 3.4 
0.90 0.372 

 4.4 1.8 
2.06 0.041 

 4.9 2.5 
-0.28 0.783 

 

     College degree 57  8.8 3.4  3.8 1.8  5.0 2.7  

                  
 Ethnic Category*                  
     Non-Hispanic Caucasian 154  9.7 3.3 

2.95 0.004 
 4.6 1.8 

3.14 0.002 
 5.1 2.5 

1.70 0.091 
 

     All other  106  8.4 3.5  3.8 1.8  4.6 2.5  

                  

 
*Groups differ,  p < 0.05 
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Table 4.3  Comparison of ASRS, hyperactivity/impulsivity and inattention scores by health behavior characteristics 

   
ASRS 

 Hyperactivity/ 

Impulsivity 

 
Inattention 

 

      

                  

Characteristics N  Mean  SD t p  Mean SD t p  Mean SD t p  

                  

Alcohol Use*                  

     Daily 79  9.9 3.6 
2.39 0.018 

 4.6 1.8 
2.10 0.037 

 5.3 2.8 
1.70 0.091 

 

     Less frequently  180  8.9 3.3  4.1 1.8  4.7 2.4  

                  
 Smoking Status*                  

     Current or former  148  9.6 3.3 
2.24 0.026 

 4.5 1.7 
2.66 0.008 

 5.1 2.4 
1.10 0.272 

 

     Never smoked 112  8.6 3.5  3.9 1.9  4.7 2.7  

                  

Caffeine intake*                  

     Greater than 150 mg/day 85  9.8 3.3 
2.04 0.042 

 4.8 1.7 
3.32 0.001 

 5.0 2.5 
0.44 0.663 

 

     150 mg/day or less 116  8.8 3.6  3.9 1.9  4.9 2.7  

 
*Groups differ,  p < 0.05 
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Table 4.4  Correlation between ASRS scores and measures of cognition, mood, and frequency of 

PTSD symptoms 

Scores 

 
ASRS Inattention 

Hyperactivity 

/Impulsivity 

 N    

Cognitive      

   HVLT 130 -0.04  0.04 -0.08 

   COWA 100 -0.04  0.02 -0.06 

   Target Tracking 108  0.05  0.08  0.00 

   Simple Reaction 110 -0.02 -0.05  0.08 

   Code Substitution 110 -0.01 -0.07  0.04 

   Procedural Reaction 110 -0.10   -0.19*  0.06 

   Go-No-Go 110 -0.13   -0.21*  0.04 

   Match-to-sample 110   -0.23*     -0.25** -0.10 

   Code Substitution Recall 109  0.08 -0.03  0.15 

   Stroop Congruent 109 -0.08 -0.19  0.01 

   Stroop Incongruent 109 -0.06 -0.15  0.03 

   Stroop Neutral 108 -0.17    -0.28** -0.02 

   Stroop Emotional  108   -0.23*    -0.25** -0.15 

Mood     

   Vigor 110   -0.22*     -0.25** -0.05 

   Happiness 110     -0.34**     -0.27**   -0.24* 

   Depression 110      0.41**      0.28**      0.31** 

   Anger 110      0.28**  0.17      0.25** 

   Fatigue 110      0.31**      0.25**    0.19* 

   Anxiety 110      0.35**    0.24*      0.26** 

   Restlessness 110      0.43**    0.21*      0.41** 

PCL-17     

   Re-experiencing 62  0.11 -0.03  0.22 

   Avoidance 63      0.37**  0.18      0.34** 

   Hyperarousal 63    0.25*  0.12  0.21 

   Total 62      0.33**  0.16    0.30* 

     
Spearman

 
Rank Order Correlation was used to determine significance 

*p < 0.05;  **p < 0.01 
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  Table 4.5  ASRS screening category and PCL-M scores 

 Negative ASRS  Positive ASRS 
 

  

PCL-M Scores N Mean Rank  N Mean Rank 
 

U p
a
 

   
 

  
 

  

Re-experiencing 53 30.4 
 

9 38.3 
 

177.5  0.192 

Avoidance 54 30.0 
 

9 43.9 
 

135.5  0.031* 

Hyperarousal 54 30.8 
 

9 39.3 
 

177.0  0.191 

Total 53 29.1 
 

9 45.7 
 

111.0  0.011* 

   
 

  
 

  
a
Mann-Whitney U tests were used to determine significance 

*p < 0.05 
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Table 4.6  Deployment injury and measures of ADHD, cognition, mood, and frequency of PTSD 

symptoms 

 
No Injury Injury 

  

   

 N Mean 

Rank  

N Mean 

Rank 

U p
a
 

Cognitive        

   HVLT 25 26.1 25 24.9 296.5 0.756    

   COWA 23 26.2 21 18.5 157.0   0.047* 

   Target Tracking 26 27.3 23 22.4 240.0 0.237 

   Simple Reaction 26 29.0 23 20.5 195.5   0.038* 

   Code Substitution 26 30.9 23 18.4 146.5     0.002** 

   Procedural Reaction 26 27.9 23 21.7 224.0 0.132 

   Go-No-Go 26 27.4 23 22.3 237.5 0.218 

   Match-to-Sample 26 27.4 23 22.4 238.0 0.221 

   Code Substitution Recall 26 28.7 23 20.8 203.0 0.054 

   Stroop Congruent 26 31.0 23 18.2 142.5     0.002** 

   Stroop Incongruent 26 29.6 23 19.9 180.5   0.018* 

   Stroop Neutral 26 29.4 23 20.0 184.0   0.021* 

   Stroop Emotional  26 29.2 23 20.2 189.5   0.028* 

Mood       

   Vigor 26 24.8 23 25.2 294.5 0.928 

   Happiness 26 25.8 23 24.2 279.5 0.695 

   Depression 26 24.0 23 26.1 273.0 0.599 

   Anger 26 25.5 23 24.4 285.5 0.785 

   Fatigue 26 24.2 23 25.9 278.0 0.674 

   Anxiety 26 24.7 23 25.4 291.0 0.872 

   Restlessness 26 26.3 23 23.5 265.0 0.495 

PCL-M       

   Re-experiencing 31 24.8 30 37.4 273.5     0.003** 

   Avoidance 32 31.6 30 31.4 477.0 0.966 

   Hyperarousal 32 28.3 30 35.0 376.0 0.140 

   Total 31 27.6 30 34.5 360.5 0.131 

ADHD       

    Inattention 37 39.0 34 32.7 517.0 0.194 

    Hyperactivity/Impulsiveness 37 32.2 34 40.1 496.0 0.105 

    Total 37 36.8 34 35.2 601.0 0.746 

Sleep Scale 26 24.7 23 25.4 290.0 0.841 

       
a
Mann-Whitney U tests were used to determine significance 

*p < 0.05;  **p < 0.01; 
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Chapter 5 - Omega-3 Status and Psychological Outcomes among 

Soldiers Deploying to Combat 

 Abstract 

Psychological problems and human error are two leading causes of death and disability 

among military service members.  Strategies to improve the psychological health and cognitive 

performance of those in the military are much needed.  Recent advances suggest omega-3 fatty 

acids may play an important role in the psychological well being of those in the military.  The 

purpose of this study was to explore the relationship between omega-3 status and psychological 

outcome variables among soldiers deploying to combat.  Measures of omega-3 status included:  

a) eicosapentaenoic aid (EPA) + docosahexaenoic acid (DHA) intake, b) the percent of omega-3 

highly unsaturated fatty acids (HUFA) in total HUFA of whole blood (13), and c) the percent of 

DHA in total fatty acids of whole blood.  Corrected p values were utilized to account for multiple 

tests.  Intake of EPA + DHA was not significantly correlated with any of the measures of mood.  

Correlations between the omega-3 exposure variables and cognitive performance variables were 

deemed not significant following comparison with the corrected p value (< 0.001).  Analyses of 

participants with EPA + DHA intakes at or below the median, revealed omega-3 HUFA scores 

were related (p < 0.002) to happiness (β = -0.46), depression (β = 0.44), and fatigue (β = 0.43).  

Although exploratory in nature, the results of this study suggest that among soldiers a 

relationship between omega-3 fatty acids and mood may exist.  Given the current concerns 

regarding the psychological health of those in the military, additional research is warranted to 

better understand the potential diet-mood relationship. 

 

 Introduction 

Depression, posttraumatic stress disorder (PTSD) and traumatic brain injury (TBI) are 

serious health problems common among soldiers returning from deployments in Afghanistan and 

Iraq (1, 2).  Rising suicide rates among soldiers and veterans have become a somber concern (3).  

At the same time, and despite remarkable technological advances, human cognitive factors 

remain a major limiting factor in current military operations (4).  The operational limitations 
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imposed by human factors are well evidenced by the fact that human error accounts for 

approximately 80-85% of all accidents in the military (5). 

Strategies to improve the psychological health and cognitive performance of those in the 

military are much needed and depend on advances in neuroscience.  An increased understanding 

of the molecular basis of neurological functioning offers hope of a better understanding of the 

human mind and its ability to function in adverse conditions.  One set of biological molecules 

that has recently received considerable attention with regard to neurological functioning is the 

family of omega-3 fatty acids.  Two omega-3 fatty acids in particular, eicosapentaenoic acid 

(EPA) and docosahexaenoic acid (DHA), have been linked to positive psychological effects in an 

overwhelming number of studies. 

DHA is a 22-carbon fatty acid containing six double bonds with the omega-3 

configuration.  It is the most prominent omega-3 fatty acid in the brain and retina (6), and it plays 

a critical role in cognition and vision (7).  EPA is a 20-carbon fatty acid containing five double 

bonds with the omega-3 configuration.  Both DHA and EPA can be can be synthesized from 

alpha linoleic acid (ALA) an 18-carbon omega-3 fatty acid.  However, in general, the 

conversation of ALA to DHA is quite low (8). 

Dietary intakes of omega-3 fatty acids vary among populations.  Dietary sources of ALA 

include walnuts, canola oil, soybeans, and flaxseed oil.  The major dietary sources of EPA and 

DHA are fish and shellfish, and although they contain lower levels, eggs and poultry are 

considered important sources due to the fact that these foods are consumed in much greater 

quantities.  In addition, numerous omega-3 enriched products, such as margarine and juice are 

now being made available to consumers.  However, the estimated median intake of EPA and 

DHA in the US (9) is below the suggested optimal level (10).   

The relationship between omega-3 fatty acids and cognitive outcomes has been identified 

in numerous epidemiologic, molecular, and clinical studies.  In animal models, chronic dietary 

restriction of omega-3 fatty acids during development reduces brain DHA, increases brain 

omega-6 fatty acids, and results in problems related to cognition (6, 11).  In humans, omega-3 

fatty acids are associated with favorable cognitive and neurological measurements (12-16).  In 

general, the effects of omega-3 fatty acids are believed to be due to the roles they play in: a) 

neurological cell functioning, b) the neurological system’s development and ability to adapt 
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(neuroplasticity), and c) the neurological system’s ability to successfully overcome injury 

(neuroprotection).  A discussion of each of these roles follows. 

 Neuron Function 

  Two lines of thought have developed to explain the roles omega-3 fatty acids play in 

neurological cell function (6).  The first is based on DHA’s role as a component of the cell 

membrane.  The second is based on the notion that DHA and its metabolic products serve 

specific functions in signaling pathways (6). 

Diet is known to modulate neurological cell membrane composition.  Deficiencies in 

DHA’s dietary precursors lead to compensatory increases in docosapentaenoic acid (DPA) as 

well as other omega-6 fatty acids in brain tissue cells (6, 11).  Although the differences may be 

subtle, each fatty acid has unique physical properties.  These properties may affect fluidity and 

interactions with membrane proteins.  In turn, signal transduction and neurotransmission may be 

affected. 

In addition to functioning as a component of the cell membrane, lipids serve as 

messengers relaying information from one cell to another or from one subcellular compartment 

to another.  Plasma membrane lipids cleaved by phospholipids A2 form extracellular metabolites 

known as eicosanoids (17).  Other phospholipases cleave cell membrane lipids and release 

intracellular products that play an important role in signal transduction.  DHA appears to be 

involved in ion channel activities (6), gene expression (6), cell protection (18), and has been 

shown to stimulate neurite growth (19, 20) and synaptic function (21).  

 Neuroplasticity  

Research on DHA and cognitive function has focused heavily on infants, the elderly, and 

individuals with conditions such as attention deficit hyperactivity disorder (ADHD).  In infants, a 

positive association between DHA status and neurodevelopmental outcome has been well-

documented (7).  Among preschool-aged children, maternal supplementation with omega-3 fatty 

acids during pregnancy improved hand and eye coordination (13), and in a case-control study of 

young adults, plasma levels of DHA and EPA were significantly lower in those with ADHD 

compared to those without the diagnosis (22). 

Given the neurological changes that occur during infancy and childhood it is 

understandable that research has concentrated on these periods of the lifespan.  However, new 
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insight into the molecular functioning of DHA suggests that it may play a greater role in mid-life 

neurological functioning than was once believed; this may be particularly so in scenarios 

involving active learning, or extreme environmental conditions. 

The network of connections between neurons forms the basis of memory and learning, 

and the adult brain appears to have the capacity to alter neural conductivity by either modifying 

the strength of synapses or forming new axon terminals or dendrite processes (23).  In rat 

embryonic cell cultures, DHA has been shown to promote neurite growth.  Cells cultured in a 

DHA containing medium developed a significantly greater number of neurons with longer 

neurites compared to those cells cultured in mediums containing oleic acid, arachidonic acid, or 

DPA (19).  In addition, the DHA-containing medium significantly increased the number of 

branches per neuron (19).  Feeding pregnant rats a diet void of omega-3 fatty acids significantly 

decreased DHA content of the embryonic hippocampus, and resulted in significantly shorter 

neurite length (19). 

Neurite growth necessitates an increase in cell surface area, and plasma membrane 

expansion occurs as transport organelles fuse with the plasma membrane.  This fusion is thought 

to be SNARE (soluble N-ethylmaleimide-sensitive-factor attachment protein receptor) protein 

dependent.  The release of several neurotransmitters including acetylcholine and dopamine are 

also believed to be SNARE dependent, and dietary deficiencies of omega-3s have been shown to 

modify neurotransmitters release (24).  In the process of neurotransmitter release, a vesicle 

associated membrane protein (VAMP) pairs with a target membrane SNARE.  Once the contents 

of the intercellular vesicle have been released, disassembly of the SNARE complex occurs, 

thereby allowing continuation of the transport cycle.  In the case of neurotransmitter release, 

regulation of the cycle occurs via reversible S-nitrosylation of the SNARE which inhibits its 

disassemble and decreases neurotransmitter release.  Rats fed a diet deficient in omega-3 fatty 

acids had reduced S-nitrosylation levels suggesting omega-3 deficiencies may interfere with the 

vesicle transport system of neurotransmitter release (25). 

It is plausible to consider the possibility that reduced levels of DHA may also interfere 

with vesicle transport systems that supports plasma membrane expansion and neurite growth.  

Should stronger and more numerous neurological synapses be one effect of increased DHA 

intake, improved cognitive performance may result.  In a recent study of 35-54 year olds, an 

association was observed between higher serum phospholipid DHA and better performance on 
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tests of working memory, vocabulary, and nonverbal learning and mental flexibility (26), lending 

support to the notion that fatty acids play a role in cognition in middle adulthood.   

 Neuroprotection 

In addition to its role in cognitive functioning, evidence suggests DHA plays an 

important role in protecting neurons.  As many as 1 in 10 soldiers deployed to combat experience 

symptoms indicative of mild brain trauma (2), and many who suffer a TBI experience long-term 

symptoms.  Following the initial mechanical damage caused by a TBI, a chain reaction of 

biochemical events occurs leading to delayed neuron damage (27).  The cellular changes that 

occur after a TBI are in many ways like an accelerated form of brain aging (28). 

Reducing the damaging effects of TBI has become an important area of research and one 

in which the neuroprotective effects of EPA and DHA may play a role (29).  Both plasma 

omega-3 fatty acids (15, 30) and increased fish consumption (14, 31) were associated with a 

decreased risk of cognitive decline in older adults.  In a randomized double-blind trial, omega-3 

fatty acids reduced cognitive decline among a subgroup of participants categorized as having 

very mild cognitive decline (32). 

Neuroprotectin D1 (NPD1), a recently identified neuroprotective molecule that is a 

biosynthetic product of DHA, has increased interest in the protective effects of omega-3 fatty 

acids.  NPD1 appears to be involved in steps to counter inflammation and neuronal cell damage.  

DHA derived neuroprotectins seem to redirect cellular fate away from cell death and toward 

survival (18).  In rodent models, dietary supplementation of omega-3 fatty acids counters the 

decrease in hippocampus levels of AMP-activated protein kinase (AMPK), phosphorylated AMP 

activated protein kinase (pAMPK), and expression of silent information regulator 2 (SIR 2) that 

accompanies mild TBI (33).  Similarly, in rodent models of spinal cord injury, treatment with 

DHA reduced oxidative stress, decrease inflammation, increased neuronal survival, and 

improved functional outcomes (34).  This neuroprotection is not limited to TBI and spinal 

injuries, as research suggests DHA may be protective in brain ischemia (18) and may guard 

against macular degeneration (35), and hearing loss (12).  

Military personnel in combat areas must rapidly adapt to new experiences and make split 

second decisions.  They may also face extreme environmental conditions capable of causing 

neurological damage (e.g. intense ultraviolet light, excessive noise, and sudden air pressure 
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changes caused by blast waves from mortars and improvised explosive devises), and are often 

exposed to psychologically traumatizing experiences.  Given the role EPA and DHA play in 

neuron function, neuroplasticity and neroprotection, the potential consequences of low dietary 

intakes in soldiers is an important concern.  Omega-3 dietary intake levels among military 

personnel have not been established (29).  For the most part, government nutrition studies (e.g. 

NHANES) are not inclusive of the military, and in a recent study of dietary supplement use 

among soldiers (36), fish oil was categorized as “other,” thereby preventing the establishment of 

any firm conclusions about omega-3 supplement use in this population.   

 Purpose 

The purpose of this study was to explore the relationship between omega-3 status and 

psychological outcome variables among soldiers deploying to combat.  Measures of omega-3 

status included: a) EPA + DHA intake, b) the percent of omega-3 highly unsaturated fatty acids 

(HUFA) in total HUFA of whole blood (37), and c) the percentage of DHA in total fatty acids of 

whole blood.  Highly unsaturated fatty acids are defined as those fatty acids with 20 or more 

carbons and three or more double bonds.  The percent of omega-3 HUFA in total HUFA of 

whole blood will herein be referred to as the omega-3 HUFA score.  

 

 Methods 

 Subjects 

A volunteer sample of soldiers (n = 272) scheduled for deployment to Iraq completed one 

or more of the omega-3 fatty acid assessment measurements.  Due to the operational constraints 

of the military, not all participants were able to complete all components of the study.  As a 

result, subsamples were used to explore the relationship between omega-3 exposure variables 

and outcome variables.  Participants were from one of two combat brigades which were a 

brigade combat team (BCT) from the Texas National Guard and an active duty brigade from 

Kansas.  Data were collected between October 2009 and February 2010.  The participants 

completed this study approximately one month prior to deployment.  It was made clear to all 

potential subjects that participation was strictly voluntary and was not part of their required 

military duty.  The soldiers were not awarded compensation for their participation.  This protocol 
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was approved by, and was conducted in accordance with the ethical standards of, the Kansas 

State University Institutional Review Board.  After being provided a complete description of the 

study, all of the soldiers recruited for this study were required to provide written informed 

consent prior to participation. 

 Instruments 

 Intake of EPA + DHA 

A self-administered 11-item FFQ was used to measure consumption of EPA+ DHA 

during the preceding six-month period.  This FFQ included items to capture intake of EPA and 

DHA from: 1) seafood, 2) poultry and eggs, 3), omega-3 functional foods, and 4) dietary 

supplements.  Development and assessment of the FFQ is described in detail in Chapter 2 and 

Chapter 3.   

 Omega-3 HUFA Score and DHA 

Non-fasting fingertip prick blood samples were collected on strips of chromatography 

paper treated with BHT and acetone as described previously (38).  The samples were placed in 

cryogenic containers and allowed to dry overnight before being stored at -80°C until analysis.  A 

microwave-facilitated, one-step transesterification fatty acid analysis was used.  The percent of 

each fatty acid by weight was then determined using gas chromatography.  Additional details 

regarding these procedures are provided in Chapter 3.  

 Cognitive performance 

Cognitive performance was assessed using the Combat Stress Assessment (CSA) (39), 

the Controlled Oral Word Association Test (COWT) (40), and the Hopkins Verbal Learning 

Test-Revised (HVLT-R) (41).  The CSA includes a battery of 11 validated subtests of memory, 

attention, and executive functions administered on a handheld computer.  The COWAT is a test 

of semantic fluency and the HVLT-R is a test of memory of semantic categorical words.  Trained 

research personnel administered both the COWT and the HVLT-R.  Additional details regarding 

the cognitive performance measures can be found in Chapter 4 (submission pending).  
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Mood   

Mood was assessed using the mood subtest of the CSA.  This subtest includes seven 

mood categories including vigor, happiness, depression, anger, fatigue, anxiety, and restlessness.  

A total of 42 adjectives describing feelings (six for each scale) appear on the screen and 

participants use a zero-to-six visual analog scale to indicate how well each of these words 

represents their feelings.  The lower the scale scores the less agreement indicated. 

 Sleep scale score  

 Participants degree of alertness was also measured using a subtest of the CSA.  This 

subtest includes a seven-step scale in which participants indicate their degree of alertness with 

the value of one being assigned to the most rested and alert state.   

 Demographic and health-related behaviors 

A self-administered questionnaire was used to measure demographic characteristics, 

height, weight, alcohol use, and smoking status.  

 

 Statistical Analysis  

Data analyses were performed using Predictive Analytics Software (version 18, 2009, 

SPSS, Inc, Chicago, IL).  Blank responses on the FFQ were quantified as zero.  Frequencies and 

percentages were calculated for categorical data.  Measures of central tendency, dispersion, and 

distribution were calculated for continuous variables.  Chi-square and t-tests were used to 

compare participant characteristics based on type of military service.  Because EPA + DHA 

intakes, omega-3 HUFA scores, and many of the cognitive test and mood scale scores were not 

normally distributed, non-parametric statistical analyses were utilized in analyses which included 

these variables.  Mann-Whitney U tests were conducted to explore the relationship between 

categorical variable responses and the omega-3 exposure variables.  Spearman rank order 

correlation coefficients were used to measure the correlation between the omega-3 exposure 

variables and the cognitive test and mood scales scores.  Multiple regression analyses using 

backwards deletion were conducted with mood scale scores as dependent variables and omega-3 

exposure variables, sleep scale scores, and age as the independent variables.  For the purposes of 

the regression analysis mood scale and omega-3 HUFA scores were rank transformed.  Pairwise 
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exclusion was used to exclude cases only if they were missing data for a specific analysis, 

however; only cases with the full set of variables were included in the multiple regression 

analyses.  Except for removal of variables from the regression analysis which was based on a 

significance of p < 0.10, two-tailed tests and a significance level of p < 0.05 were used for all 

analyses.  Bonferroni corrected p values were calculated to account for multiple analyses.  

 Results 

 Participant Characteristics 

The majority (65%; n = 177) of the participants were from the National Guard and 90.7% 

(n = 244) were male.  Age in years ranged from 18 to 56 with a mean age of 29.0 (SD = 7.9).  

More than half (55.9%; n = 146) were married.  All but one of the participants had completed 

high school or an equivalent, and 22% (n = 57) had a college degree.  Mean body mass index 

(BMI) was 27.5 kg/m
2
 (SD = 4.1).  Fifty-nine percent (n = 155) identified themselves as non-

Hispanic Caucasian.  Compared to the National Guard, the Active Duty soldiers were younger, 

had a lower BMI, and were less likely to report regular daily alcohol consumption during the 

previous week.  Additional demographic and health related characteristics by military service 

category are summarized in Tables 5.1 and 5.2. 

 Omega-3 Exposure Variables 

Measures of central tendency, dispersion, and distribution for the omega-3 exposure 

variables are presented in Table 5.3.  The EPA + DHA intakes were positively skewed with 

values clustering at the low end.  The median EPA + DHA intake was 197 mg/day.  Intake of 

EPA + DHA did not differ significantly among any of the groups based on participant 

characteristics (Table 5.4).  The omega-3 HUFA scores were also positively skewed.  The 

median omega-3 HUFA score was 16.5.  The omega-3 HUFA scores were lower among 

smokers, and those 28 years old and younger (Table 5.5).   
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 Mood and Omega-3 Exposure Variables 

Scores for anger, depression, and anxiety were positively skewed with 27% of the 

participants (n = 30) scoring a zero on the anger scale, 23% (n = 25) scoring a zero on the 

depression scale, and 22% (n = 24) scoring a zero on the anxiety scale.  Each of the mood 

variables was significantly correlated (p < 0.05) with the other mood variables measured.  The 

strength of these correlations ranged from ρ = -0.22 for the correlation between anxiety and vigor 

to ρ = 0.72 for the correlation between anxiety and depression.  Age and sleep scale scores were 

both correlated with numerous mood scales scores (Table 5.6).  

Correlations between the omega-3 exposure variables and mood scale scores among 

participants at all intake levels of EPA + DHA are presented in Table 5.7.  The FFQ-based intake 

of EPA + DHA was not significantly correlated with any of the mood scale scores among 

participants at all intake levels of EPA + DHA.  The omega-3 HUFA scores were correlated with 

depression (ρ = 0.23, p < 0.018), happiness (ρ = -0.23, p < 0.021), anger (ρ = 0.21, p = 0.030) 

and fatigue (ρ = 0.21, p < 0.034), and DHA was significantly correlated with depression (ρ = 

0.21, p = 0.030).  The correlations between the omega-3 exposure variables and mood scale 

scores did not remain significant following comparison with the Bonferroni corrected p value (< 

0.011) calculated using 21 tests. 

Correlations between the omega-3 exposure variables and mood scale scores among 

participants at or below the median intake of EPA + DHA are presented in Table 5.8.  As was the 

case among participants at all intake levels, FFQ-based intake of EPA + DHA was not 

significantly correlated with any of the mood scale scores among those at or below the median.  

In addition, DHA was not significantly correlated with any of the mood scale scores among those 

at or below the median.  However, the omega-3 HUFA scores were significantly correlated with 

all of the mood scale scores.  The correlations remained significant for omega-3 HUFA and 

depression, fatigue, happiness, and vigor following comparison with the Bonferroni corrected p 

value (< 0.002) calculated using 21 tests.  Correlations between the omega-3 exposure variables 

and mood scale scores among participants above the median intake of EPA + DHA were not 

significant (data not shown). 

The results of the regression analyses among participants with EPA + DHA intakes at or 

below the median are presented in Table 5.9.  The relationship between omega-3 HUFA scores 
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remained significant (p < 0.05) for all mood variable with the strength of the relationship ranging 

from β = -0.46 for happiness to β = 0.31 for anxiety.   

 Cognitive Performance and Omega-3 Exposure Variables 

Among participants at all levels of EPA + DHA intake, HVLT scores were correlated 

with EPA + DHA intake (ρ = -0.183, p = 0.037).  Among participants at or below the median 

intake of EPA + DHA, Go-No-Go scores were correlated with EPA + DHA intake (ρ = -0.33, p 

= 0.022), and among those with intakes above the median Simple Reaction time scores were 

correlated with EPA + DHA intake (ρ = 0.25, p = 0.050).  All correlations between the omega-3 

exposure variables and cognitive performance variables were deemed not significant following 

comparison with the Bonferroni corrected p value (< 0.001) calculated using 39 tests.  

 

 Discussion 

 

This study is among the first to explore the relationship between omega-3 status and 

psychological outcome variables among soldiers.  Although the observed relationship between 

omega-3 status and mood was not entirely consistent with those that have been reported earlier, 

the results clearly reinforce the postulation that the relationship between omega-3 status and 

mood is not a simple linear correlation.  The finding that omega-3 HUFA score was positively 

correlated with depression scale scores appears to be contrary to the results obtained by Sublette 

et al (42) in which lower plasma DHA levels were observed in participants with major 

depressive disorder.  The positive correlation between the omega-3 HUFA score and depression 

also appears to be in contradiction of the results from the clinical trial (43), which found that 

symptoms of depression decreased with omega-3 supplementation.  However, one must keep in 

mind the fact that there are important differences between the subjects in this present study and 

those enrolled in the aforementioned studies.  Namely, the depression scale scores obtained from 

the participants in this study were on average very low.  In addition, due to the fact that the 

participants were soldiers scheduled for deployment, individuals with existing psychiatric 

conditions would have likely been identified and diverted from deployment prior to being given 

an opportunity to enroll in our study.  Given the participant differences, as well as the 



79 

 

methodological difference that exist between studies, the results we obtained regarding the 

relationship between the omega-3 HUFA score and depression are not necessarily startling.  

 Also noteworthy, was the lack of relationship between omega-3 status and cognitive 

outcomes.  This finding regarding cognitive outcomes was particularly notable given the 

extensive number of cognitive tests (both computerized and research administered) utilized.  

However, the use of Bonferroni corrected p values is somewhat controversial, particularly in 

instances where correlations exist among the independent and as well as the dependent variables 

(as was the case in the present study).   

This study is one of the first to utilize the omega-3 HUFA score to measure the 

relationship between psychological outcomes, and the present findings provide support for the 

use of this biomarker in predicting psychological outcomes.   

 Limitations 

There are a number of limitations to consider in interpreting the results of the current 

study.  In particular, the results were based on the self-reported behaviors and feelings of a 

volunteer sample.  Participants’ responses and cognitive performance may have differed from 

those not participating.  In addition, the stigma associated with psychological health problem 

(44) may have resulted in reluctance to report negative behaviors and feeling.  Although the 

potential differences between participants and non-participants are always a concern with 

volunteer samples, the demographic characteristics of the participants in the present study were 

similar to those typically noted in studies involving soldiers.  For example in a study of 88,235 

soldiers from the Active Army, the Reserves, and the National Guard, Milliken et al (1), reported 

that 90.8% of the subjects were male, 58.2% were married and the average age was 30.4 years.  

In the present study 90.7 % of the subjects were male, 55.9% were married, and the average age 

was 29.0 years.  In general, it appears that the sample of soldiers in the present study was 

representative of the larger population of soldiers.   

In addition, some concerns may be raised due to the fact that this is one of the first 

studies to utilize the omega-3 HUFA score to measure the relationship between omega-3 status 

and psychological outcomes.  However, this method has been validated (37), and the present 

findings indicate that the omega-3 HUFA score predicts psychological outcomes.  Additional 

limitations of this study have been address in Chapter 3 and Chapter 4.   
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 Conclusion 

Overall, the results of this study indicate the presence of a relationship between omega-3 

fatty acids and mood.  In this sample of soldiers, omega-3 status was not associated with 

cognitive performances.  In addition, higher omega-3 HUFA scores were associated with higher 

unfavorable mood scores while whole blood DHA was associated with higher depression scores.  

Although additional research is necessary to further elucidate the results presented here, such 

work is imperative given the psychological health concerns currently being faced by the military. 
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Table 5.1  Characteristics of participants by service component 

           

 National Gaurd  Active Duty     

Characteristic           

           

  n %   n %  χ
2
 p 

           
Gender           

     Male  160 92.0   84 88.4  
0.91 0.340 

     Female  14 8.0   11 11.6  

           

Marital Status           

    Married  88 52.4   58 62.4  
2.42 0.120 

    Single  74 47.6   41 37.6  

           
 Education           
     Less than college                            

degree 
 131 78.0   73 78.5  

0.01 0.923 
     College degree  37 22.0   20 21.5  

           
 Race/Ethnic Category*           
     Non-Hispanic 

Caucasian 
 92 54.8   63 67.7  

4.18 0.041 
     All other   76 45.2   30 28.3  

           
 Alcohol Use*           
     Less often than daily  105 62.9   75 80.6  

8.86 0.003 
     Daily   62 37.1   18 19.4  

           
 Smoking Status           
    Non or ex-smoker   109 64.9   59 63.4  

0.05 0.816 
    Current smoker  59 35.1   25 36.6  

           

 
 *Groups differ, p < 0.05 
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Table 5.2  Additional characteristics of participants by service component 

 National Gaurd   Active Duty   
   T-test     

Characteristic          
           
 n mean SD  n mean SD df

a
 t p

a
 

           
Age* 168 30.0 8.7  93 27.1 6.0 259.0 3.21 0.013 

           
BMI* 167 27.9 4.4  93 26.7 3.4 229.6 2.50 0.002 

 
 a
Equal variances not assumed, *Groups differ, p < 0.05 
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Table 5.3  Central tendency, dispersion, and distribution of omega-3 exposure variables 

        

 N Mean Median Range Inter-

Quartile 

Range 

Skewness Kurtosis 

 
       

Intake 

EPA + 

DHA  

254 
298 

mg/day 

197 

mg/day 

0 - 2320 

mg/day 

82 – 400 

mg/day 
2.60 9.06 

Omega-3 

HUFA 

Score
a
 

210 16.9 16.5 
11.4 - 

33.0 

14.8 - 

18.2 
1.66 5.16 

DHA
b
  210 1.4 1.3 0.7 – 3.2 1.1-1.6 1.19 2.12 

 
a
Percent omega-3 highly unsaturated fatty acids (HUFA) in total HUFA of whole blood 

b
Expressed as percentage by weight of total fatty acids 
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Table 5.4  Comparison of EPA + DHA intake
a
 by sample characteristics

b
 

      

Characteristics 

n 

Median 

mg/day 

Mean 

Rank U p 

      

Gender      

     Male 229 203.8 129.5 
2415.0 0.200 

     Female   25 125.2 109.6 

      

Military Service Category      

     National Gaurd 159 207.8 133.4 
6613.5 0.097 

     Active Army   95 169.0 117.6 

      

 Age       

     27 or younger 131 183.6 121.7 
7294.5 0.381 

     28 or older 119 202.3 129.7 

      

Marital Status      

    Married 138 198.9 128.7 
7418.5 0.508 

    Single, divorced, separated 113 194.9 122.7 

      

 Education      

     Less than college degree 195 187.7 123.7 
5012.5 0.350 

     College degree   56 206.1 134.0 

      

 Ethnic Category      

     Non-Hispanic Caucasian 155 195.6 124.4 
7189.0 0.651 

     All other    96 196.5 128.6 

      

 Alcohol Use      

     Less than one drink/day 171 181.9 119.9 
5795.0 0.071 

     One or more drinks/day   79 218.7 137.7 

      

 Smoking Status      

     Never or former smoker 164 196.9 128.22 6770.0 0.506 

     Current smoker   87 183.6 121.8   

      

 
a 
Value obtained using food frequency questionnaire 

b
Mann-Whitney U tests were used to determine significance 
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Table 5.5  Comparison of omega-3 HUFA score
a
 by sample characteristics

b
 

Characteristics 

n 

Median 

Omega-3 

HUFA Score 

Mean 

Rank U p 

      

Gender      

     Male 192 16.5 103.8 
1408.0  0.886 

     Female 15 16.5 106.1 

      

Military Service Category      

     National Gaurd 143 16.2 101.4 
4207.0  0.155 

     Active Army 67 16.8 114.2 

      

 Age*       

     27 or younger 100 15.8 85.7 
3515.0 0.000 

     28 or older 101 17.3 116.2 

      

Marital Status      

    Married 121 16.9 107.5 
4059.0  0.053 

    Single, divorced, separated 80 16.1 91.2 

      

 Education      

     Less than college degree 156 16.4 98.0 
3042.0  0.173 

     College degree 45 17.0 111.4 

      

 Ethnic Category      

     Non-Hispanic Caucasian 124 16.5 98.5 
4400.0 0.433 

     All other  77 16.5 105.1 

      

 Alcohol Use      

     Less often than daily  141 16.5 102.1 
3940.0 0.557 

     Daily  59 16.5 96.8 

      

 Smoking Status*      

     Never or former smoker 131 16.9 110.8 
3307.0 0.001 

     Current smoker 70 15.7 82.7 

      

 
a
Percent omega-3 highly unsaturated fatty acids (HUFA) in total HUFA  

b
Mann-Whitney U tests were used to determine significance 

*Groups differ, p < 0.01 
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Table 5.6  Correlations
a
 between mood, age, and sleep scale scores 

 
 

Anger Anxiety Depression Fatigue Happiness Restlessness Vigor 

 
n        

Sleep Scale Scores 110 0.18 0.15   -0.27** 0.54** -0.58** 0.25** -0.65** 

Age 111 -0.21* -0.22* -0.21* 0.06 0.17 -0.27* 0.08 

 
a
Spearman rank ordered correlation coefficients 

*p < 0.05; ** p < 0.01 
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Table 5.7  Correlations
a
 between omega-3 exposure variables and mood scale scores among participants at all EPA + DHA intakes 

 
 

Anger Anxiety Depression Fatigue Happiness Restlessness Vigor 

 
n        

Omega-3 HUFA 

Scores
b
 

103  0.21* 0.11   0.23*    0.21* -0.23 0.09 -0.13 

EPA + DHA Intake  110 0.16 0.05 0.06  0.02 -0.02 0.10 0.08 

DHA  103 0.16 0.07   0.21* -0.07 0.07 0.12 0.03 

 
a
Spearman rank ordered correlation coefficients 

b
Percent omega-3 highly unsaturated fatty acids (HUFA) in total HUFA of whole blood 

*p < 0.05, but not significant at Bonferroni corrected p value (< 0.002) calculated using 21 tests 
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Table 5.8  Correlations
a
 between omega-3 exposure variables and mood

 
among participants with intakes at or below median EPA + 

DHA intake 

 
 

Anger Anxiety Depression Fatigue Happiness Restlessness Vigor 

 n        

Omega-3 HUFA 

Scores
b
 

43   0.37*   0.31*     0.48**     0.56**    -0.50** 0.26     -0.49** 

EPA + DHA Intake  48 -0.01 0.04 0.01 0.12 0.03 -0.06 0.02 

DHA  43 0.12 0.08  0.26 0.18 -0.19 0.08 -0.13 

 
a
Spearman rank ordered correlation coefficients 

b
Percent omega-3 highly unsaturated fatty acids (HUFA) in total HUFA of whole blood 

*p < 0.05, **p < 0.01 

Bold significant at Bonferroni corrected p value (< 0.002) calculated using 21 tests  
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Table 5.9  Standardized β from regression models with mood
a
 as the dependent variable 

 

     

  Omega-3 HUFA Score
b
  

    

  β p  

Mood
a
     

     

Anger
c
   0.38 0.011  

Anxiety
c
   0.31 0.042  

Depression
d
   0.44 0.004  

Fatigue
e
   0.43 0.001  

Happiness
f
  -0.46 0.002  

Restlessness
c
   0.32 0.030  

Vigor
e
  -0.36 0.008  

     

 
a
Rank Transformed 

bPercent omega-3 highly unsaturated fatty acids (HUFA) in total HUFA of whole blood 

c
Final Model included age 

d
Final Model did not include additional variables 

e
Final Model included sleep 

f
Final Model included sleep & age 

Bold significant at Bonferroni corrected p value (p < 0.007) calculated using 7 tests



95 

 

Chapter 6 - Summary 

 Introduction 

The overall purpose of this dissertation was to explore the relationship between omega-3 

status and psychological outcome variables among soldiers deploying to combat.  The results 

presented in Chapter 5, do not support the hypothesis that omega-3 fatty acids are associated 

with favorable cognitive and mood outcomes.  In this sample of deploying soldiers, omega-3 

status was not associated with cognitive performances.  In addition, higher omega-3 HUFA 

(highly unsaturated fatty acids) scores were associated with higher unfavorable mood scores and 

whole blood docosahexaenoic acid (DHA) was associated higher depression scores.  These 

findings contradict the general hypothesis that omega-3 fatty acids are associated with favorable 

psychological outcomes.  Although paradoxical in nature, the results of this study may also be 

viewed as an indication that more information is need on this research topic.  According to Lands 

(1), “Paradoxes come easily from oversimplified stories that are missing key information.  The 

apparent contradiction of two facts is often resolved by adding a third fact we need to know.”    

In light of the above statement, it should be kept in mind that research on the topic of 

omega-3 fatty acids among military service members is at a very early stage.  Soldiers 

experience unusual circumstances and extraordinary challenges.  They may respond to stress 

very differently than other populations.  The primary results obtained in this dissertation may be 

an outcome of the unique characteristics of the military population.  As such, a comprehensive 

understanding of the relationship between omega-3 fatty acids and psychological outcomes in 

this population warrants additional investigation.   

 Future Direction 

The future research topics that have been identified as a result of this dissertation are 

addressed in the following sections.  

 Develop an improved omega-3 dietary assessment instrument. 

Omega-3 supplement use and omega-3 functional food use have increased in recent years 

and the difficulty of measuring “usual” EPA + DHA intake has been addressed in Chapters 2 and 

3.  Although the correlation between dietary EPA + DHA was significant and the magnitude of 
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this correlation was in line with what has generally been reported for similar studies (2), a 

stronger correlation between biomarker and dietary intake would be a welcome improvement.  

Strandjord (3) was able to achieve a correlation coefficient of 0.78 between blood fraction 

HUFA scores and the HUFA scores predicted by the Lands Equation using reported dietary 

intake of linoleic acid and alpha-linolenic acid as well omega-6 and omega-3 HUFA intake.  

Based on this report, when conducting future studies it appears to be worth the effort to include 

linoleic acid and alpha-linolenic acid in dietary assessment instruments designed to measure 

omega-3 HUFA status.   

 Ascertain whether military and civilian populations differ with regard to the 

relationship between omega-3 fatty acids and psychological outcomes. 

As mentioned in the previous section, research is needed to determine whether the results 

regarding omega-3 and mood are unique to the military.  Among the participants in this study, 

mean scores for depression, anger, and anxiety were low with roughly one- fourth of the 

participants who completed each scale achieving a score of zero.  One would intuitively assume 

that higher scores for depression, anger, and anxiety increase psychological risk.  However, 

given the circumstances under which the data was collected, these higher scores may actually be 

the more adaptive response.  Additional research using validated instruments with established cut 

points would help identify differences between military and non-military populations.  

 Explore the genetic variances that mediate the relationship between diet, biomarker 

status, and psychometric outcomes.  

Biomarker responses to increased omega-3 fatty acid intakes vary dramatically among 

individuals (4) and plasma omega-3 fatty acids have been shown to differ based on the presence 

of the epsilon four allele variant of the apolipoprotein E gene (E4).  Carriers of E4 are known to 

be at an increased risk for Alzheimer’s disease (5), and they have also been shown to have higher 

plasma DHA and EPA levels at baseline (i.e. at low intake levels) compared to non-carriers (6).  

Future research in which the participants’ E4 status is known will likely clarify the relationship 

between omega-3 status and psychometric outcomes.  
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 Determine whether the relationship between omega-3 fatty acids and mood varies over 

the course of time, particularly following a deployment.  

While it was not presented as a component of my dissertation, post-deployment data were 

collected from the returning soldiers.  My most immediate research plans are to use this data to 

explore the relationship between omega-3 status and psychological outcomes following military 

deployment.  The post deployment data will also allow for the measurement of any changes in 

omega-3 status and outcomes variables that may have occurred.  

 Explore the possibility that soldiers may be using omega-3 supplements as a “self-

treatment” for mood and/ or cognitive concerns.   

Although cognitive and mood scores did not differ based on prior deployment status (data 

not shown), omega-3 supplement use did.  Twenty-five percent of the soldiers who had been on a 

prior deployment reported taking an omega-3 supplement which was significantly greater than 

the 4% of those who had not deployed and reported taking omega-3 supplements (n = 150, χ2 = 

14.43, p < 0.001).  Although the relationship between omega-3 supplement use and prior 

deployments cannot be elucidated from this study, these results bring to light an important 

consideration for future studies.  

 Conclusions 

Prior to this dissertation, very little was known about the omega-3 status of those in the 

military.  Although limitations have been identified, the results suggest that the omega-3 HUFA 

score among soldiers is low in comparison to other populations and this score is also well below 

the desirable range (1).  In addition, although the results of this study are not consistent with the 

general hypothesis that omega-3 fatty acids are associated with favorable psychological 

outcomes, they do indicate the presence of a relationship between omega-3 fatty acids and mood.  

Based on these findings and the psychological health concerns facing the military, additional 

research on the topic of omega-3 fatty acids among those in the military is well warranted. 
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Appendix B - Food Frequency Questionnaire 
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Appendix C - Demographic and Health Behaviors Questionnaire 
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