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Abstract
The use of genomic sequencing (GS) in a military setting poses unique considerations,
including the potential for GS to impact service members’ careers. The MilSeq Project
investigated the use of GS in the clinical care of active-duty Airmen in the United States Air
Force (USAF). We assessed perceived risks, benefits, and attitudes toward use of GS in the
USAF among patient-participants (n=93) and HCP-participants (n=12) prior to receiving or
disclosing GS results. Overall, participants agreed that there are health benefits associated with
GS (90% patients, 75% HCPs), though more HCPs (75%) than patients (40%) agreed that there
are risks (p=.048). The majority of both groups (67% HCPs, 77% patients) agreed that they trust
the USAF with genetic information, but far fewer agreed that genetic information should be used
to make decisions about deployment (5% patients, 17% HCPs) or duty assignments (3%
patients, 17% HCPs). Despite their hesitancy, patients were supportive of the USAF testing for
non-disease traits that could impact their duty performance. Eighty-seven percent of patients did
not think their GS results would influence their career. Results suggest favorable attitudes
toward the use of GS in the USAF when not used for deployment or assignment decisions.

Introduction
Advances in genomic sequencing (GS) technologies have allowed researchers and clinicians to
leverage a wealth of genomic information in diagnostic and precision medicine applications,
garnering considerable interest for GS.1 From diagnosing medical conditions to tailoring
treatments for many diseases, particularly cancer, based on molecular signatures of a patient’s
tissues, there is much promise in the putative utility of GS, which has gained traction in the
wider practice of civilian medicine.2–4 Given the growing applications of GS and its increasing
affordability, the United States military has been investigating the feasibility, ethics, and
challenges of integrating GS into military settings.5–7 Issues surrounding privacy and the
potential for discrimination present unique challenges in the military where fitness for specific
duties and perceived mission-readiness are often important considerations.5,8–10
The collection and use of genetic information is not new in the military. Upon enlistment, all
military service members are required to provide a blood sample in case genetic information is
needed to help identify remains.8 Some branches of the military also regularly screen for some
genetic conditions, including sickle cell trait and variants associated the metabolism of certain
malaria medications, and make duty assignment decisions based on this information to reduce
risk to service members.11–14 Additionally, scientific advisors to the military have highlighted the
potential for GS to identify people with traits that would be of particular relevance to military
performance and cost containment,7 and recent research has identified genetic variants
associated with such phenotypes, including cognitive ability, endurance, tolerance of various
conditions (e.g. sleep deprivation, dehydration, extreme temperature, and high altitude), and

susceptibility to post-traumatic stress disorder.15–22 Whether and how to use screening
information for such traits may pose new ethical considerations.
While targeted genetic screening raises concerns of its own, GS has the potential to raise
additional issues. For instance, GS may reveal unanticipated or incidental genetic findings,23
though scholars believe there is only a small likelihood of such findings affecting service
member job security.6,8 Additionally, issues surrounding genetic privacy and discrimination in the
military are compounded by the fact that the employment protections afforded by the Genetic
Information Non-Discrimination Act (GINA)24 do not apply to the military, though there are other
provisions that govern the use of genetic information in the military healthcare system.6,11,25
Finally, there are challenges associated with preparing health-care providers (HCPs) who lack
specialized training in genetics to disclose genetic testing results and counsel patients, an issue
relevant to military health-care systems where geneticists may not be readily available.26,27
Despite ongoing discussions about the unique considerations concerning GS in the military, few
studies have explored the views of active duty service members and military HCPs.27,28 The
MilSeq Project is a pilot study exploring the integration of GS into the clinical care of Airmen in
the U.S. Air Force (USAF). Here we report perceived risks, benefits, and utility of GS, and
attitudes toward its use in the USAF among MilSeq patient-participants and HCP participants
prior to receiving or disclosing GS results. Our findings contribute much needed empirical data
on service members’ attitudes toward the use of GS in an active-duty military setting.

Methods
Study Design
The MilSeq Project enrolled ostensibly healthy, active-duty patients (n=93) and active-duty
HCPs (n=12) from the USAF. HCP-participants (hereinafter “HCPs”), who were also Airmen,
were recruited in person and by group announcement. HCPs attended a 3-hour genetics
education session with a genetic counselor and completed pre- and post-education surveys.
Patient-participants (hereinafter “patients”) were recruited in person in USAF health clinics, and
via email, social media advertisements, and word of mouth. Patients completed an electronic
survey pre-enrollment, which assessed their interest in undergoing GS. Patients who indicated
interest in receiving GS provided their contact information and were invited to a consent session
for GS with a MilSeq Project genetic counselor. HCPs returned GS results directly to patients,
and all results were included in the patient’s medical record. This paper focuses on attitudes
toward GS, including perceived risks, benefits, and utility, prior to receiving or disclosing GS
results collected via patients’ pre-enrollment and the HCPs’ pre-education surveys.
The MilSeq Project was approved by the 59th Medical Wing Institutional Review Board (IRB).
The Baylor College of Medicine IRB and the Partners HealthCare Human Research Committee
(IRB of record for Brigham and Women’s Hospital) ceded review via reliance protocols.

Measures
Participants’ perceived risks and benefits of GS, concerns, and attitudes toward the use of GS
in the military were assessed with 10 items with 5-point Likert scale response options from

“strongly disagree” (1) to “strongly agree” (5) with a neutral midpoint (3). To measure perceived
utility, participants were asked to rate how useful they felt GS was for managing health now and
managing health in the future on a 10-point scale from “not at all useful” (1) to “extremely useful”
(10). Attitudes toward USAF testing for non-disease traits that could affect duty performance
were measured using 15 items answered on a 5-point Likert scale anchored by “definitely not”
(1) and “definitely yes” (5) with “I don’t know” (3) as the midpoint. Participants were informed
that the MilSeq Project would not test for these non-disease traits, and that the genetic basis for
most of these traits is not yet well established. General health was assessed using the first item
of the Veterans RAND 12 Item Health Survey (VR-12).29,30 Patients’ genetic knowledge was
assessed using 11 true-false items.31 HCPs’ genetic knowledge was assessed using 14
multiple-choice items developed using published and novel items, including vignettes based on
the HCP education session.31–34

Data Analysis
Descriptive statistics, including means, standard deviations, and proportions, were calculated to
evaluate participants’ characteristics. The total number of correct genetic knowledge questions
were summed for each participant. Since the data for each measure were not normally
distributed, non-parametric Mann-Whitney U tests were used to compare the perceived risks
and benefits, concerns, attitudes, and perceived current and future utility among patients versus
HCPs. Wilcoxon signed-rank tests were used to assess whether there were differences in
perceived current versus future utility of GS among patients as well as HCPs. A p-value less
than 0.05 was considered statistically significant. All statistical calculations were performed
using R statistical software (R Foundation for Statistical Computing, Vienna, Austria).
Participants who agreed or strongly agreed that there were risks or benefits of GS were asked
to describe those risks and benefits in an open-ended response. A coding team experienced in
qualitative research methods and overseen by a qualitative research methods expert (SP)
conducted thematic analysis on these responses using a consensus coding approach.

Results
Participant Characteristics
Ninety-three patients and 12 HCPs completed surveys at baseline (pre-enrollment and preeducation). All patients indicated interest in receiving GS. Patients’ and HCPs’ characteristics
are reported in Tables 1 and 2. Patients were 52% male, 66% non-Hispanic white, and the
majority were college graduates or higher (61%) with an average age of 34 years old. Half
(52.7%) of the patients indicated that they worked in a health-related field. Of the 12 HCPs, 8
were male (66.7%), and half were non-Hispanic White. The majority of the HCPs had been in
practice for less than 10 years (83.4%) and only one reported previous training in genetics
beyond the typical medical school curriculum.

Table 1 Patient Characteristics
Characteristic – N (%) unless otherwise noted
N=93
Age (n=87)
Mean in years (SD)
33.3 (±8.2)
Gender (n=93)
Male
48 (52%)
Female
45 (48%)
Race/Ethnicity* (n=93)
Hispanic or Latino
17 (18%)
Non-Hispanic White
64 (69%)
Non-Hispanic Other**
13 (14%)
Prefer Not to Answer
2 (2%)
Education (n=93)
Did not graduate from college
36 (39%)
College graduate or higher
57 (61%)
Annual Household Income (n=93)
≤ $99,999
64 (69%)
≥ $100,000
29 (31%)
Genetic Knowledge Score (n=93)
Mean percentage correct (SD)
91% (±10%)
General Self-Rated Health† (n=93)
Very good to excellent health
67 (72%)
* 3 participants selected Non-Hispanic White and another race
** Non-Hispanic Other includes African American, Asian, and Other
†
General self-rated health was asked on a 5-point scale from Poor (1) to
Excellent (5), with Good (3) as the midpoint.

Table 2 Health Care Provider Characteristics
Characteristic – N (%) unless otherwise noted
Age (n=11)
Mean in years (SD)
Gender (n=12)
Male
Female
Race/Ethnicity (n=12)
Non-Hispanic White
Non-Hispanic Other*
Years in Practice (n=12)
1-10
21-30
Genetics Training (n=12)
No
Yes
Genetic Knowledge Score (n=12)
Mean percentage correct (SD)
* Non-Hispanic Other includes African American and Asian

N=12
37.9 (±9.3)
8 (67%)
4 (33%)

6 (50%)
6 (50%)
10 (83%)
2 (17%)
11 (92%)
1 (8%)
71% (±10%)

Benefits, Risks, and Perceived Utility of Genomic Sequencing
Overall, participants agreed that there are health benefits associated with GS, though more
(90%) patients than HCPs (75%) agreed (median patients =5 (strongly agreed), HCP =4
(agreed); p=.002). In response to open-ended questions, the main themes cited by both patients
and HCPs related to the health benefits of GS included the potential for risk assessment, early
detection and prevention, and precision medicine. Patients also reported the potential for GS to
increase their feelings of agency by giving them a greater sense of control and enabling
proactive health choices, the impact this information could have on their family and family
planning, and the sense that they were contributing to research as benefits.
More HCPs (75%) agreed that there are risks associated with GS compared to patients (40%)
(median patients =3, HCP =4, p=0.048). When asked to describe those risks, the most common
theme among patients and HCPs was the risk of negative psychological impact of GS results
and potential for discrimination, including insurance and employment discrimination. Both
groups reported concerns about the likelihood of receiving results of unclear significance and
the information’s potential to prompt unnecessary medical interventions.
Aligned with these findings, more patients (82%) than HCPs (42%) reported that the benefits of
GS outweigh the risks (median patients =4, HCP =3, p<0.001). Additionally, more HCPs (64%)
than patients (16%) agreed that they were concerned about the potential for discrimination if
patients’ genetic information is not protected (median patients =3, HCP =4, p=0.002), though
patients were largely unsure, with 44% selecting neither agree nor disagree.
With regard to utility, patients rated the current utility of genomic information higher than HCPs
did (median patient =8, HCP =5.5, p=0.003), though patients and HCPs rated the future utility of
GS similarly (p=0.176). Both groups rated the utility of GS for managing health significantly
higher in the future compared to now (both p<0.001).

Use of Genomic Sequencing in the Air Force
We also explored participants’ attitudes toward the use of GS specifically in the USAF (Figure
1). The majority of both groups reported that they trust the USAF with their genetic information
(67% of HCPs and 77% of patients). When asked if the USAF should require GS for all Airmen,
however, only 17% of patients and 25% of HCPs agreed. Participants who agreed that the
military should require GS testing (n=16) cited the potential to improve the health of individuals
and the military population’s fitness as a whole and to strengthen the military healthcare system
and research. Patients and HCPs who disagreed that testing should be required believed that
undergoing GS should be a personal decision and questioned both the military health system’s
logistical readiness for the implementation of GS, and individuals’ psychological preparedness
and willingness to receive the information.
[Genome sequencing] costs a lot of money to taxpayers and the [Department of Defense]
in general spends too much money as it is. Also, what I read about genomic sequencing
leads me to believe this research is new and it comes with a lot of controversy. Does the
[Air Force Medical Service] want to take on that scrutiny? This information could be
potentially damaging to a person’s psychological well-being, without the disease or
affliction ever coming to fruition. –Patient

Because some patients don't want to know their genetic make-up - it is their right not to
know. –HCP
Participants were generally ambivalent or negative when asked whether genetic information
should be used to make decisions about deployment (61% of patients ambivalent and 34%
negative; 50% of HCPs ambivalent and 33% negative) or duty assignments (69% of patients
ambivalent and 28% negative; 50% of HCPs ambivalent and 33% negative). A minority of
patients and HCPs saw potential to use this information to “avoid undue risk.” As one HCP said,
“It depends on the findings. If a deployed setting could be the environmental factor in a
genetically predisposed person, then deployment should be avoided.”
Most HCPs and patients, however, expressed ambivalence about using genetic information for
deployment decisions due to uncertainty regarding its applicability.
How would it be helpful? What genetic problems have historically been a problem on
deployment? None that I'm aware of. –HCP
Genetics do not equal phenotype. The Air Force wouldn't decide to deploy me because
my parents were both expert marksmen, I don't expect them to make decisions based just
on genomics. —Patient
Additionally, they thought that acting on this information could lead to issues including
discrimination or unnecessary logistical burdens.
There's no relevance of genetic information to deploying. A person is capable of deploying
regardless. Using genetics to determine qualified deployers would limit the available
manning and put more of a burden on certain members to deploy often. –Patient
Eighty-seven percent of patients did not think their GS results would influence their career, and
only 13% agreed that they were concerned that their GS results could affect their career. In
comparison, only a third of HCPs (33%) agreed that their patients’ careers could be affected by
their GS results, while the majority (58%) neither agreed nor disagreed.

Figure 1 Patient and HCP Attitudes toward GS in the USAF
Duty-Performance Trait Testing
To assess the potential acceptance of testing for non-disease traits, we asked participants
whether they thought the USAF should routinely test Airmen for hypothetical traits that could
impact duty performance, including tolerance for extreme conditions, personal traits, and
adverse responses (Table 3). It was explicitly stated that the MilSeq Project would not be testing
for any of these and that the genetic bases for these traits are not yet well-established. A
majority of patients indicated support for the USAF to probably or definitely test for all listed
traits. The traits supported by the most patients were testing for injury recovery, tolerance for
sleep deprivation, and physical endurance. Though still a majority for each, fewer patients
supported testing for impulsivity, tolerance for starvation, and risk of substance abuse. HCPs
were less receptive to such testing, with only five of the 15 traits supported by a majority of
HCPs. The traits supported by the most HCPs were tolerance for sleep deprivation, tolerance
for dehydration, and tolerance for extreme environments. The traits supported by the least
HCPs were speed, physical endurance, and tolerance for pain.

Table 3 Patient and HCP Attitudes toward Hypothetical Routine Non-Disease
Trait Testing
Yes
Patient

HCP

Patient

HCP

Patient

HCP

n (%)

n (%)

n (%)

n (%)

n (%)

n (%)

Extreme
environments

62 (67)

8 (67)

13 (14)

2 (17)

18 (19)

2 (17)

Sleep deprivation

71 (76)

8 (67)

8 (9)

8 (17)

14 (15)

8 (17)

Starvation

53 (57)

6 (50)

21 (23)

2 (17)

19 (20)

4 (33)

Dehydration

67 (72)

8 (67)

11 (12)

2 (17)

15 (16)

2 (17)

Tolerance for pain

57 (62)

4 (33)

16 (17)

2 (17)

19 (21)

6 (50)

Injury recovery

75 (81)

6 (50)

6 (6)

4 (33)

12 (13)

2 (17)

Strength

63 (68)

5 (42)

8 (9)

4 (33)

21 (23)

3 (25)

Speed

62 (67)

4 (33)

9 (10)

4 (33)

21 (23)

4 (33)

Physical endurance

70 (75)

4 (33)

7 (8)

4 (33)

16 (17)

4 (33)

Intelligence

65 (70)

4 (33)

12 (13)

5 (42)

16 (17)

3 (25)

Impulsivity

48 (52)

7 (58)

18 (19)

1 (8)

27 (29)

4 (33)

PTSD

61 (66)

6 (50)

14 (15)

0 (0)

18 (19)

6 (50)

Depression

64 (69)

6 (50)

12 (13)

0 (0)

17 (18)

6 (50)

Anxiety

65 (70)

5 (42)

11 (12)

1 (8)

17 (18)

6 (50)

Substance Abuse

58 (62)

7 (58)

17 (18)

2 (17)

18 (19)

3 (25)

Adverse
Response

Personal Traits

Tolerance for
Extreme
Conditions

Trait

I don’t know

No

Discussion
Overall, both patients and HCPs in the USAF were generally positive toward genomic
sequencing, agreeing that there are health benefits associated with GS, and that there is the
potential for GS information to be useful for managing one’s health, particularly in the future.
Patients were slightly more optimistic than HCPs, perceiving less risk and more benefit, but they
did identify the potential for genetic discrimination as a risk of GS. Patients also identified more
types of benefits associated with GS than HCPs did. The way participants balance these
perceived risks and benefits may underlie their general positive attitudes toward GS and
patients’ willingness to undergo sequencing. It seems patients felt that the potential benefits,
including benefits to their own health and the health of their families, outweighed the risks.
HCPs, conversely, were less confident that the benefits of GS outweigh the risks to their
patients.
Despite general optimism and relatively high trust in the Air Force, a strong majority of both
patients and HCPs were ambivalent or negative toward making genomic sequencing mandatory
in the USAF, and toward the use of genetic information for job-specific decisions including
deployment and duty assignments. This is particularly interesting since participants signed up
for the study within the context of the USAF healthcare system, with GS results entered into the

patients’ medical records. The reason for the seeming disconnect may be that very few patients
actually thought that their results would influence their career, or expressed any concern about
that. The potential for GS information to harm service members’ careers has been highlighted in
the literature as one of the major unique issues associated with integration of GS into military
settings,6,9,10,27 but our patient participants were largely unconcerned about this. HCPs were less
confident that their patients’ careers would not be impacted but were mostly unsure. These
findings contradict those from a survey of genetics providers who care for active-duty military
personnel where 71% of providers were more concerned about the genetic privacy of their
active-duty patients than their civilian patients and reported that they had had patients who were
concerned about how genetic testing could impact their careers.28 It is worth noting that nearly
all the providers surveyed in that study were civilians and the majority had not received any
training in military healthcare, while the HCPs in our study were all active-duty military personnel
practicing within the USAF healthcare system. It is possible that those providers’ lack of
knowledge and familiarity with military healthcare drove their concern, while our HCP
participants likely had a better understanding of the limits of how genetic information could be
used for career decisions and the protections in place. Other research, however, has found that
experience with and knowledge of military rules related to genetics varies widely by specialty
even among HCPs working within a military healthcare facility.27
Additionally, despite their hesitancy toward the use of genetic information for duty-specific
purposes, patients were largely supportive of the USAF testing for non-disease traits that could
impact their duty performance and, consequently, their careers. HCPs were less supportive than
patients, but a majority still supported testing for most of the tolerance for extreme conditions
traits. In 2010, a group of scientific advisors to the military highlighted the potential for genomic
technologies to identify individuals with propensity for traits that would be of particular interest to
the military, either for performance or medical cost saving purposes.7 Though the genetic bases
for many of the traits we asked about have not been definitively identified, recent research has
made progress on some of them, making the potential to screen for such genotypes
increasingly possible. Though patients were hypothetically supportive of such testing, their
reluctance to use genetic information for duty-specific purposes points to unease or uncertainty
regarding how this information could be used. Future research should further explore this
tension.
Interestingly, for questions about universal genomic screening in the USAF and use of genomic
information to inform deployment and duty assignments, many patients and HCPs chose neutral
midpoints when available as response options, suggesting that they are largely unsure of or
ambivalent toward how GS should be used in this setting, despite their general optimism and
trust and lack of concern about career impact. This may be due to lack of experience with GS. It
may also be that though patients felt it was unlikely their own GS results would include a careerimpacting finding, particularly since they rated themselves as generally healthy, they may have
been concerned that their colleagues could be negatively impacted, or that such screening
could negatively impact military recruitment by screening out a larger portion of the population.
This ambivalence toward how GS should be used may have implications for its integration in
military settings. Additional education on how genetic information could impact military careers
could help assuage concerns.
Participants in this study self-selected for participation, and as such, their attitudes may not be
representative of the larger United States Air Force population. Those who were uninterested in

participating in the MilSeq Project may have more critical opinions of genomic sequencing.
About half of our patient participants reported working in a health-related field, which may have
influenced their perspectives toward GS, though it is unclear whether that would lead to more
positive or more critical attitudes. Further, no pilots chose to enroll in this study, which may be a
reflection of our recruitment strategy and potentially non-representative clinic populations, or
may be due to pilots’ concerns about how genetic information could impact their careers. Due to
our sampling strategy, we are also unable to determine our response rate, thereby decreasing
our ability to speak to the representativeness of our sample. Additionally, the data presented
here are from surveys completed at enrollment, and thus do not reflect attitudes in response to
receiving or disclosing genomic information. Future work will examine data from follow-up
surveys to investigate participants’ attitudes post-disclosure of genomic results. Despite these
limitations, this is one of the first studies of Airmen’s attitudes toward the use of GS in an active
duty military setting and thus contributes much needed empirical evidence that can help shape
future practice and policy around the use of GS in the military.

Conclusions
As genomic sequencing is increasingly integrated into different clinical care settings, populationspecific considerations need to be taken into account. This study is a first step toward exploring
the use of genomic sequencing in a military setting. Our findings suggest that Airmen may be
receptive to the incorporation of GS in a military setting, provided potential use limitations are in
place. Ongoing work will explore whether attitudes change after return of GS results to assess
impact of providing this information to ostensibly healthy Airmen.
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