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Objective: To identify and detail physiological factors 
that influence cognition in military personnel.

Background: Maintenance of cognitive and task per-
formance is important under several scenarios, none more 
so than in a military context. Personnel are prepared for 
and trained to tolerate many of the stressors they encoun-
ter; however, consideration of stressors typically extends 
only as far as the physical, psychological, and environmen-
tal requirements of a given task. While considering these 
factors certainly characterizes the broader picture, several 
physiological states and traits can influence cognition and 
thus, should also be considered.

Method: A systematic review of the electronic data-
bases Medline (PubMed), EMBASE (Scopus), PsycINFO, 
and Web of Science was conducted from inception up to 
January 2019. Eligibility criteria included current military 
personnel, an outcome of cognition, and the assessment 
of a physiological factor.

Results: The search returned 60,564 records, of 
which 60 were included in the review. Eleven studies 
examined the impact of demographic factors on cognition, 
16 examined fatigue, 10 investigated nutrition, and 24 the 
impact of biological factors on cognitive performance.

Conclusion: Factors identified as having a positive 
impact on cognition include aerobic fitness, nutritional 
supplementation, and visual acuity. In contrast, factors 
identified as having a negative impact include fatigue arising 
from sustained operations, dehydration, undernutrition, 
and an exaggerated physiological stress response to a cog-
nitive task or a stressor. A further subset of these factors 
was considered modifiable.

Application: The modifiable factors identified pro-
vide avenues for training and preparation to enhance cog-
nition in ways previously unconsidered.

Keywords: soldier, fatigue, cognition, nutrition, decision 
making

IntroductIon
Maintenance of cognitive and task perfor-

mance is important under several scenarios, 
none more so than in a military context. Mili-
tary personnel face particularly unique chal-
lenges to cognition, including combinations 
of extreme physical and mental fatigue, high 
levels of anxiety and stress, and environments 
of great unpredictability (Campbell & Nobel, 
2009). The necessity for military personnel to 
maintain effective cognitive performance in 
these environments far outweighs that of sed-
entary or low-risk occupations, with more seri-
ous consequences stemming from suboptimal 
performance. Cognition is required by tasks 
that demand the sustained focus of attention or 
concentration, as well as the rapid processing of 
information. Tasks can require storage, reten-
tion, recollection, recognition and manipulation 
of information, and planning, problem solving, 
or monitoring of goal-directed behavior. In mili-
tary personnel, tasks requiring cognition may 
include conventional surveillance activities, 
which base detection on monitoring unprocessed 
sensory input from the environment, as well as 
computer-generated monitoring tasks associated 
with the control of missiles, unmanned aerial 
vehicles, or combat robots. Personnel may also 
be required to accurately recall the details of 
an event or operation, or inhibit a response to 
shoot when a comrade or noncombatant appears 
during a firefight. Personnel are prepared for 
and trained to tolerate many of the stressors 
they may encounter; however, consideration 
of stressors typically extends only as far as the 
physical (Knapik, Rieger, Palkoska, Van Camp, 
& Darakjy, 2009), psychological (Jha, Stanley, 
Kiyonaga, Wong, & Gelfand, 2010), and envi-
ronmental requirements of a given task (Guo 
et al., 2016; Radakovic et al., 2007). While 
considering these factors certainly addresses 
the primary issues, several physiological states 
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and traits can also influence cognition. Thus, 
in scenarios where cognition is important, the 
impact of these variables on performance should 
be considered.

Physiological factors which could influence 
cognitive performance include aerobic fitness 
(Colcombe & Kramer, 2003), nutrition (Lieber-
man, 2003), age (Deary et al., 2009), and mental 
fatigue (Lorist, Boksem, & Ridderinkhof, 2005). 
While aerobic fitness and nutrition are largely 
modifiable and can be manipulated to maximize 
the benefit to performance, age and fatigue are 
either fixed, or in certain situations unavoidable. 
Although the detrimental effects of some of these 
factors are inevitable, greater understanding of 
their impact on performance allows any potential 
decrement to be addressed. More targeted 
research should identify characteristics which 
may make an individual more resilient to a range 
of different physiological stressors. The aim of 
this systematic review was to identify and detail 
individual physiological states and traits that 
influence cognition, either positively or nega-
tively, focusing specifically on studies utilizing 
military personnel. We will discuss these identi-
fied factors and demonstrate how they may be 
manipulated to promote resilient cognition. By 
identifying these factors, negative influences 
may be countered or managed where possible, 
and factors that have a positive effect on cogni-
tion promoted and encouraged. This information 
will assist in the development and evaluation of 
strategies and training programs to enhance cog-
nitive and military task performance.

Method
Search Strategy

To direct the design of the search strategy, 
two systematic reviews (Buckman et al., 2011; 
Calabrese et al., 2007) were consulted and 
search terms piloted to identify potential articles 
for inclusion in the review. A search of Med-
line (PubMed), EMBASE (Scopus), PsycINFO, 
and Web of Science was then conducted up to 
January 2019, using medical subject headings 
(MeSH) for “mental processes” and “military 
personnel” searched in “All Fields.” The MeSH 
term mental processes incorporates the search 
terms cognition, executive function, learning, 
and perception, among others. The MeSH term 

military personnel also incorporates several 
search terms including army, coast guard, navy, 
sailors, air force, submariners, and soldiers.

Inclusion and exclusion criteria
Studies were included from the initial review 

of articles if they met the following criteria: 
(a) included current military personnel with-
out injury (e.g., traumatic brain injury), neu-
rological condition (e.g., stroke), or mental 
illness (e.g., depression, post-traumatic stress 
disorder) which may have affected the cogni-
tive performance of the participant; (b) assessed 
at least one outcome of cognition or military 
task performance requiring a substantial cog-
nitive component; (c) the study assessed the 
impact of a physiological state or trait on 
cognitive or military task performance; and (d) 
where appropriate, the study included either 
a control group or a baseline measure of per-
formance. For the current review, cognitive 
performance was classified according to pre-
viously described cognitive domains (Lezak, 
Howieson, & Loring, 2004). The domains 
considered were attention and processing speed 
(the sustained focus of cognitive resources 
with selective concentration and rapid process-
ing of information), working memory (short-
term storage and manipulation of information), 
declarative memory (retention, recollection, 
and recognition of previously encountered 
information), and executive function (a set of 
cognitive skills responsible for the planning, 
initiation, sequencing, and monitoring of com-
plex, goal-directed behavior). The performance 
of a military task was also included in the 
review if the task required aspects of these cog-
nitive domains, for example, marksmanship, 
where the participant was required to detect, 
identify, and fire at an appropriate target. The 
physiological factors included in the review 
were largely individual characteristics, consid-
ered as traits, or the physiological condition 
of an individual at a given time, considered a 
state. Traits remain generally unchanged within 
an individual, such as sex and visual acuity, 
whereas an individual’s state can fluctuate over 
time and may include being physically fatigued 
or dehydrated. Studies were excluded if they 
reported in a language other than English or 
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if they were not published original research. 
The impact of the ingestion of pharmaceuti-
cal agents, including caffeine, was considered 
outside the scope of this review and studies of 
this nature were excluded. Furthermore, studies 
which included aspects of sleep deprivation or 
sleep restriction were also deemed outside the 
scope of this review and readers are directed to 
recent reviews on this topic (Harrison & Horne, 
2000; Lim & Dinges, 2010).

Quality Assessment
The Physiotherapy Evidence Database 

(PEDro) scale was used to assess study quality 
(Sherratt & Hersh, 2010). For the present review, 
only eight of the 11 items on the scale were 
considered appropriate. These items included 
the following: whether the eligibility criteria 
for participants had been specified; whether the 
allocation of participants to groups or order of 
intervention was randomized; whether, where 
possible, the participant, researcher, and/or 
assessor was blinded; whether a key outcome 
measure was obtained for more than 85% of 
participants; whether a between-group statisti-
cal comparison was reported for at least one 
key outcome; and whether the study reported 
both point measures and measures of variability. 
Items were scored by the lead author as either 
present (1), absent (0), or not applicable (NA) 
and a total score out of 8 was obtained by sum-
mation.

reSultS And dIScuSSIon
Study Selection

The flow of records through the review 
process is summarized in Figure 1. The ini-
tial search strategy returned 60,564 records, 
of which 55,243 were excluded due to non-
relevance of titles. A total of 158 articles were 
retrieved for full-text review, of which 60 
articles were selected based on the inclusion cri-
teria. To assist with reporting, the selected stud-
ies were grouped into four themes. The themes 
included demographic factors (n = 11), fatigue 
(n = 16), nutritional status (n = 10), and biologi-
cal factors (n = 24). One study examined both 
demographic and biological factors separately 
and is reported in both themes.

Quality Assessment
The quality assessment of each study is 

detailed in Online Resource 1 (available with 
the manuscript on the HF website). Quality 
assessment was conducted using a modified 
version of the PEDro scale with studies scor-
ing between 1 and 7 out of a possible 8 points. 
Given the variable being examined, or the 
experimental design, many of the studies did 
not, or could not, randomly allocate participants 
to groups, or the order of conditions. Similarly, 
few studies could blind both participants and 
researchers to the conditions. A further limita-
tion of several studies was the failure to obtain 
a measure of at least one key outcome for more 
than 85% of the participants initially allocated 
to groups.

demographic Factors
Ten studies investigated the effect of demo-

graphic factors on cognitive and military task 
performance. An overview of these studies is 
presented in Table 1. Four studies investigated 
the effect of age on cognitive performance, 
while nine compared performance for sex dif-
ferences. In each of the studies, participants 
were male or female military personnel or active 
duty soldiers. The age groups ranged from 
17–20 to 56–65 years.

Age. Performance across the cognitive 
domains tended to decline with advancing age. 
This effect was particularly true for response 
speed, although measures of accuracy were 
reported to be improved, unaffected, and 
impaired by increasing age. On tasks of atten-
tion and processing speed, simple reaction time 
(Roebuck-Spencer et al., 2008; Vincent et al., 
2008; Vincent, Roebuck-Spencer, Gilliland, & 
Schlegel, 2012), choice reaction time (Vincent, 
Roebuck-Spencer, Gilliland, & Schlegel, 2012), 
and reaction time on a continuous performance 
task (Roebuck-Spencer et al., 2008; Vincent 
et al., 2008) largely deteriorated with increasing 
age. The average magnitude of change from the 
youngest (17–25 years) to the oldest (30–65 
years) age group was 9%, 14%, and 18% respec-
tively. A similar trend was observed for tasks of 
working memory, with reaction time 24% slower 
in participants aged 30 to 65 years, compared 

https://journals.sagepub.com/doi/suppl/10.1177/0018720819841757
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with 17 to 25 years (Roebuck-Spencer et al., 
2008; Vincent et al., 2008; Vincent, Roebuck-
Spencer, Gilliland, & Schlegel, 2012). Accuracy 
on a choice reaction time task was marginally 
improved (1%) from 17–20 to 56–65 years (Vin-
cent, Roebuck-Spencer, Gilliland, & Schlegel, 
2012), while accuracy on a continuous perfor-
mance task was unaffected (Roebuck-Spencer 
et al., 2008; Vincent et al., 2008). For tasks of 
working memory, accuracy was variously 
reported as worse (Vincent et al., 2008; Vincent, 

Roebuck-Spencer, Gilliland, & Schlegel, 2012), 
unaffected (Roebuck-Spencer et al., 2008), or 
marginally improved (Vincent, Roebuck- 
Spencer, Gilliland, & Schlegel, 2012).

The impact of age on cognitive performance 
was like that observed in a civilian cohort, with 
increasingly poorer performance after the mid-
30s (Heaton, Ryan, Grant, & Matthews, 1996). 
Verbal skills and well-learned information are 
thought to hold up best, while perceptual and 
psychomotor skills decline more markedly 

Figure 1. Flow diagram of the process of study selection, including reason for exclusion at the 
full-text stage.
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(Leckliter & Matarazzo, 1989). While aging is 
inevitable, and several factors can moderate the 
impact of age on cognition (Colcombe et al., 
2003; Seeman, Lusignolo, Albert, & Berkman, 
2001), in an aging workforce ongoing monitor-
ing of cognitive ability is needed to ensure high 
performance is maintained, particularly on tasks 
requiring rapid responses.

Sex. Like age, the impact of sex on cognition 
was more consistent for reaction time than accu-
racy. For tasks of attention and processing speed, 
males recorded faster response speeds for sim-
ple reaction time (Roebuck-Spencer et al., 2008; 
Vincent et al., 2008; Vincent, Roebuck-Spencer, 
Gilliland, & Schlegel, 2012) and one version of 
a continuous performance task (Vincent et al., 
2008). For choice reaction time (Vincent et al., 
2008) and the other version of a continuous per-
formance task (Roebuck-Spencer et al., 2008), 
there was little difference between sexes. In one 
instance, accuracy on the continuous perfor-
mance task was greater in females (Roebuck-
Spencer et al., 2008), in the other instance no 
difference was reported (Vincent et al., 2008). 
For tasks of working memory, males recorded 
faster reaction times on the matching to sample 
task (Roebuck-Spencer et al., 2008; Vincent 
et al., 2008; Vincent, Roebuck-Spencer, Gillil-
and, & Schlegel, 2012), but not any of the other 
working memory tasks (Flegr et al., 2012; 
 Roebuck-Spencer et al., 2008; Verde et al., 2016; 
Verde et al., 2015; Vincent et al., 2008; Vincent, 
Roebuck-Spencer, Gilliland, & Schlegel, 2012). 
Sex mostly had no effect on accuracy on tasks of 
working memory (Roebuck-Spencer et al., 
2008; Verde et al., 2016; Verde et al., 2015; 
 Vincent et al., 2008; Vincent, Roebuck-Spencer, 
Gilliland, & Schlegel, 2012), although males 
outperformed females on a selective memory 
(Flegr et al., 2012), matching to sample (Vincent 
et al., 2008), and a code substitution delayed 
task (Vincent et al., 2008). Females were mar-
ginally more accurate on a code substitution task 
(Vincent et al., 2008) and the Sternberg memory 
paradigm (Roebuck-Spencer et al., 2008). 
Although males tended to respond faster than 
females on several cognitive tasks, a speed–
accuracy trade-off was not apparent. For three of 
the four tasks showing faster response time in 
males, accuracy was no different to females. For 

the fourth task, a task of working memory, males 
recorded superior reaction times and accuracy.

Sex did not affect performance on military 
tasks in which participants were well-trained. 
There was no difference between males and 
females for marksmanship (Kemnitz, Johnson, 
Merullo, & Rice, 2001) or flight simulation 
(Caldwell & LeDuc, 1998). On a novel visual 
perceptual-motor task, where participants were 
required to either shoot at, or from an aircraft, 
and match aircrafts in space, males performed 
better than females, although the difference 
between sexes was small (Tirre & Raouf, 1994). 
In research outside of the military, males tend to 
outperform females on psychomotor tasks (Avo-
lio & Waldman, 1994) and tasks of visual spatial 
ability (Weiss, Kemmler, Deisenhammer, Fleis-
chhacker, & Delazer, 2003). Several studies 
have reported an interaction between training 
and sex on performance of these tasks such that 
extended practice benefits females more than 
males, consequently reducing or eliminating ini-
tial differences in performance (Chance & Gold-
stein, 1971; J. M. Connor, Serbin, & Schakman, 
1977; Goldstein & Chance, 1965). While these 
findings indicate there are some sex differences 
in performance on cognitive and military tasks, 
it is important to recognize that group differ-
ences are small and may have little practical 
applicability.

Fatigue
Sixteen studies investigated the effect of 

fatigue on cognitive and military task perfor-
mance. An overview of these studies is pre-
sented in Table 2. In this review, fatigue was 
considered as a multifaceted construct arising 
from several isolated and combined sources. 
This definition includes acute physical and men-
tal fatigue resulting from a single bout of physi-
cal or mental exertion, as well as fatigue arising 
from the performance of sustained military 
activities or training courses which may place 
physical, mental, and/or emotional demands 
on personnel. We also include chronic fatigue 
accumulated over longer periods of time, such 
as basic combat training or deployment. Ten 
studies investigated the effect of acute physical 
or mental fatigue on cognitive performance, two 
studies utilized sustained military activities, and 
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four studies examined chronic fatigue under 
scenarios of basic combat training or deploy-
ment. Participants were described by terms 
including soldiers, air force personnel, and spe-
cial operation soldiers. Most of the studies used 
male participants, with only one study specifi-
cally examining the effect of fatigue on females.

Acute fatigue. The impact of acute physical 
fatigue on cognitive performance appeared to be 
related to an interaction between the duration of 
the fatiguing task and the task intensity or load. 
Shorter duration tasks had little impact on perfor-
mance. Ten minutes of shuttle running had no 
effect on vigilance, working memory, or marks-
manship (Nibbeling, Oudejans, Ubink, & 
Daanen, 2014), and 10 min of loaded walking 
did not consistently impact choice reaction time 
or working memory (Bhattacharyya, Pal, Chat-
terjee, & Majumdar, 2017). Likewise, a 10-km 
walk carrying 30% of total body mass did not 
affect choice reaction time or a vigilance task 
(Yanovich, Hadid, Erlich, Moran, & Heled, 
2015). In a recent meta-analysis, acute physical 
activity was reported to improve cognition when 
intensity is light to moderate, but when the activ-
ity is reported as hard to maximal, no benefit is 
observed (Chang, Labban, Gapin, & Etnier, 
2012). Working memory accuracy was facili-
tated by physical exertion for the first 21 min of 
an incremental treadmill protocol, after which 
there was no difference to baseline (Shia et al., 
2015). Pre to post the treadmill protocol, reaction 
time on a vigilance task was 6% slower (Shia 
et al., 2015), as well as 7% slower following a 
2-hr treadmill march (Eddy et al., 2015). Follow-
ing a 6.5-hr treadmill march, working memory 
accuracy was 7% worse and sensitivity on a vigi-
lance task, calculated as z(hit rate) – z(false alarm 
rate), was ~20% lower (Bonnet, 1980).

Increasing the intensity of the physical task 
by increasing physical load also impaired cogni-
tive performance. Reaction time on a vigilance 
task was 4% slower, and there was a 9% increase 
in the proportion of false alarms when partici-
pants completed a loaded (40 kg) compared with 
unloaded treadmill march (Eddy et al., 2015). 
Similarly, a greater number of signals were 
missed during a vigilance task when carrying 40 
kg, compared with carrying nothing, and while 
walking around obstacles, compared with 

walking unobstructed or standing (Mahoney, 
Hirsch, Hasselquist, Lesher, & Lieberman, 
2007). A 20-km road march carrying between 34 
and 61 kg increased marksmanship variability 
but had no impact on a grenade throw (Knapik 
et al., 1997).

Although the impact of acute physical fatigue 
on cognitive performance was largely consistent 
when considering task duration and load, it must 
be noted that fitness level can moderate the 
impact of physical activity on cognition with 
positive effects evident for highly fit individu-
als, and negative effects in those of low fitness 
(Chang et al., 2012). Indeed, a moderating effect 
of fitness may explain the unaffected perfor-
mance of special operations soldiers on a task of 
executive function when completing a 20-km 
road march while carrying loads of 34 to 61 kg 
(Knapik et al., 1997). In contrast, performance 
on a task of executive function was worse when 
regular soldiers were required to carry 40 kg 
while walking on a treadmill for 2 hr (Eddy 
et al., 2015).

Only one study examined the effect of acute 
mental fatigue on military performance; how-
ever, given the increasing cognitive demand on a 
soldier, it is imperative to consider how fatigue 
arising from mental exertion impacts perfor-
mance. Performing a demanding cognitive task 
for 49 min did not affect reaction time or overall 
accuracy on a marksmanship task, but partici-
pants were 16% more likely to shoot when they 
should have withheld (Head et al., 2017). Men-
tal fatigue is also known to affect cognitive pro-
cesses more widely, including flexibility, plan-
ning, and performance monitoring (Lorist et al., 
2005; Van der Linden, Frese, & Meijman, 2003). 
Mental fatigue impairs physical endurance per-
formance, increasing perception of effort at a 
given workload (Van Cutsem et al., 2017). Sev-
eral pharmaceutical agents, including caffeine 
and modafinil, have been used to try and miti-
gate the effects of mental fatigue on perfor-
mance, although many have undesirable side 
effects, particularly in relation to subsequent 
sleep (Buguet, Montmayeur, Pigeau, & Naitoh, 
1995; James, 1998). Identifying individual char-
acteristics, behaviors, or interventions which 
reduce an individual’s susceptibility to fatigue 
would therefore be useful.
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Sustained military activities. Combined 
physical and mental fatigue arising from sus-
tained military activities was largely detrimental 
to cognitive performance. Thirty-six hours of 
intermittent walking while carrying a heavy 
backpack increased simple reaction time by 
10% and the number of lapses (excessively long 
responses) by 11% (Williams, Englund, Sucec, 
& Overson, 1997). The intermittent walking had 
no impact on reaction time or overall accuracy 
on a digit recall task but increased the number of 
lapses by 138% (Williams et al., 1997). The 
number of lapses on a logical reasoning and a 
decoding task was also increased by 10% and 
9% respectively, across the 36 hr (Williams 
et al., 1997). Over the course of a 96-hr combat 
course, reaction time on a vigilance task was 
slower by an average of 17% (Owen, Turley, & 
Casey, 2004). The number of correct responses 
on an immediate recall task was also reduced by 
18%, and by 28% on a delayed recall task (Owen 
et al., 2004). In contrast, verbal fluency was 
improved after 48 hr, but was no different to 
baseline thereafter (Owen et al., 2004).

During sustained military activities, cogni-
tive performance tends to worsen as duration 
increases. During these activities, however, per-
sonnel can face multiple stressors which make it 
difficult to determine the contribution of indi-
vidual stressors to performance. Although diffi-
cult to design, future research should attempt to 
isolate the various stressors, controlling for con-
founding variables. A greater understanding of 
the level of contribution of each stress to perfor-
mance would allow for a more targeted approach 
in the development of potential mitigation 
strategies.

Chronic fatigue. Deployment appeared to 
have little impact on cognition. Performance 
was improved, unchanged, and impaired across 
cognitive domains, with all reported changes 
marginal. One study specially examined indi-
vidual characteristics which may predict those 
more at risk of impaired performance over a 
period of deployment (Hellewell & Cernak, 
2018). This study assessed biological markers of 
stress including cortisol, testosterone, and α-
amylase, as well as parameters of immunity and 
inflammation. Although the effect of these bio-
markers on performance will be discussed in the 

“Biological Factors” section, it may be possible 
to predict individuals more susceptible to per-
formance decline by examining early signs of 
stress maladaptation. On tasks of attention and 
processing speed, simple and choice reaction 
time was improved by an average of 4% across 
deployment in one study (Vincent, Roebuck-
Spencer, Lopez, et al., 2012), but was impaired 
or unchanged in another, which evaluated the 
stress-related biomarkers present just prior to 
deployment (Hellewell & Cernak, 2018). For 
simple reaction time, the performance of person-
nel who exhibited one or fewer stress-related 
biomarkers was marginally slower during 
deployment compared with pre-deployment. 
The performance of personnel who exhibited 
two or more stress-related biomarkers was 
unchanged. For choice reaction time, all person-
nel recorded slower reaction time during deploy-
ment (Hellewell & Cernak, 2018). For tasks of 
working memory, performance on a matching to 
sample (Vincent, Roebuck-Spencer, Lopez, 
et al., 2012) and spatial working memory task 
(Hellewell & Cernak, 2018) was improved pre 
to post deployment, although the magnitude of 
effect ranged from trivial to small. An 8% greater 
decline over time was observed in deployers 
compared with non-deployers on a visual repro-
duction task (Vasterling et al., 2006), and on a 
paired associates task an 11% greater improve-
ment was recorded in the non-deployers (Vaster-
ling et al., 2006). On tasks of executive function, 
logical reasoning did not differ over time in 
deployers compared with non-deployers (Vast-
erling et al., 2006), while in individuals at a low 
to moderate risk of stress maladaptation response 
inhibition improved from baseline to deploy-
ment but became impaired in those at high risk 
(Hellewell & Cernak, 2018).

In contrast to deployment, basic combat 
training had a largely consistent impact on cog-
nition. The physically and psychologically 
stressful process of transitioning from civilian to 
military life is seemingly beneficial, rather than 
detrimental to cognitive performance. In over 
100 female cadets, 12 weeks of basic combat 
training improved choice reaction time by 3%, 
and reaction time on a vigilance task by 5% 
without any change in accuracy (Lieberman 
et al., 2014). Reaction time on a working 
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memory task was also improved by 5%, with a 
2% increase in correct responses (Lieberman 
et al., 2014). Dedicated physical and cognitive 
training programs can be effective in improving 
cognition across different cohorts (Ardoy et al., 
2014; Ball et al., 2002). The stimulus provided 
by the training allows adaptation and perfor-
mance improvement to occur. The physical 
training and conditioning element of basic com-
bat training is also likely to contribute strongly 
to success. Physical training and the associated 
improvements in aerobic fitness can improve 
performance on a number of cognitive tasks 
(Angevaren, Aufdemkampe, Verhaar, Aleman, 
& Vanhees, 2008). Aerobically fit individuals 
also appear better able to tolerate stress (Silver-
man & Deuster, 2014). In scenarios where cog-
nition is crucial, particularly during periods of 
stress, improving or maintaining physical fit-
ness appears important. For more on the impact 
of physical fitness on cognition, see the subsec-
tion “Aerobic  Fitness.”

nutritional Status
Ten studies examined the impact of aspects 

of nutritional status on cognitive and military 
task performance. An overview of these studies 
is presented in Table 3. Five studies investigated 
the effect of a nutritional supplement on perfor-
mance, four studies examined undernutrition, 
and one study investigated the impact of hydra-
tion. Most studies used male participants only, 
with two studies using both sexes and two stud-
ies not specifying. Participants were described 
as cadets, soldiers, conscripts, pilots, members 
of a paramilitary force, elite combat unit sol-
diers, or special forces.

Undernutrition. Undernutrition resulting from 
the consumption of lightweight rations appeared 
to impair performance on tasks of processing 
speed, but only when the period of ration con-
sumption was extended (e.g., 30 days). Simple 
reaction time was ~3% slower in special forces 
who consumed lightweight rations (1,946 kcal) 
for 30 days compared with those who con-
sumed fully nourished rations (2,782 kcal; 
Lieberman, Askew, Hoyt, Shukitt-Hale, & 
Sharp, 1997; Shukitt-Hale, Askew, & Lieber-
man, 1997). The number of omission errors on 
a choice reaction time task was also more than 

doubled (Shukitt-Hale et al., 1997). In contrast, 
performance on two vigilance tasks was unaf-
fected by either 12 days of 1,900 kcal (Crowdy, 
Consolazio, Forbes, Haisman, & Worsley, 1982) 
or 24 hr of 2,000 kcal (van Dokkum, van Boxtel, 
van Dijk, Boer, & van der Beek, 1996). Twelve 
days of an energy-restricted diet (1,900 kcal) did 
not impair performance on a marksmanship task 
or a grenade throw (Crowdy et al., 1982). For 
tasks of processing speed, the level of perfor-
mance impairment appeared more closely 
aligned to individual changes in plasma amino 
acid concentration (Lieberman et al., 1997), than 
the energy restriction itself, possibly explaining 
why performance was only impaired when the 
duration of ration consumption was longer. Per-
formance on tasks of simple (r = –.44) and choice 
reaction time (r = –.40) was associated with a 
reduction in tryptophan concentration as a conse-
quence of undernutrition (Lieberman et al., 
1997). The simple reaction time task required 
personnel to respond as quickly as possible to a 
visual stimulus presented at a consistent location. 
The choice reaction time task required personnel 
to indicate the location of the visual stimulus pre-
sented at a variable location. Long-term starva-
tion can reduce plasma concentrations of many 
amino acids, with the severity of the decline 
related to the degree and duration of undernutri-
tion (Felig, Owen, Wahren, & Cahill, 1969; 
Peters & Harper, 1985). Amino acids such as 
tyrosine and tryptophan form precursors of neu-
rotransmitters thought to be important for cogni-
tive performance and functioning under stress 
(Banderet & Lieberman, 1989; Schmitt, Wingen, 
Ramaekers, Evers, & Riedel, 2006). It is there-
fore important to consider the availability of 
these nutrients in ration packs, in addition to 
ensuring adequate energy availability.

Dehydration. Dehydration impaired flight 
simulation performance, but not working mem-
ory. Two weeks of a high- or low-fluid diet had 
no effect on a simple item recognition task 
(Lindseth, Lindseth, Petros, Jensen, & Caspers, 
2013). The same diet impaired flight simulator 
performance, but only in pilots who were clas-
sified as dehydrated (reduced body mass of 2% 
or more). Like undernutrition, it appears that 
dehydration may impact cognition via impaired 
neurotransmission (Lieberman, 2007; Popova 
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et al., 2001; Wilson & Morley, 2003) in associa-
tion with changes in the concentration of electro-
lytes in the body. Dehydration can also activate 
the hypothalamic-pituitary-adrenocortical axis 
and increase the production of stress hormones 
such as cortisol (Adan, 2012), which may impact 
performance, as discussed in the “Biological 
Factors” section. Ensuring adequate hydration is 
clearly important for health, cognitive, and phys-
ical functioning.

Supplementation. Supplementation of various 
nutrients appears beneficial to the cognitive per-
formance of military personnel by reversing some 
of the detrimental effects or undernutrition and/or 
dehydration. Supplementation of carbohydrates 
during a 72-hr simulated mission improved reac-
tion time on a vigilance task in a dose-response 
manner. Personnel who ingested carbohydrates 
responded faster than those who consumed a pla-
cebo, with superior performance in those who 
ingested 4.2 g/kg carbohydrate of body mass 
compared with 2.1 g/kg (Lieberman, Falco, & 
Slade, 2002). Consuming additional carbohy-
drates at the completion of a prisoner of war train-
ing simulation had no effect on vigilance or 
working memory the following morning, but 
improved performance on a response inhibition 
task (Morgan, Hazlett, Southwick, Rasmusson, & 
Lieberman, 2009). Those who ingested the addi-
tional carbohydrates exhibited a 65% greater 
recovery of performance (completion time) with 
no difference between those who had 2.1 or 4.2 g/
kg of body mass. Recent reviews have shown that 
carbohydrate supplementation is effective at 
improving aspects of both cognitive (Hoyland, 
Lawton, & Dye, 2008) and physical performance 
(Stellingwerff & Cox, 2014). In these reviews, 
carbohydrate is reported as particularly beneficial 
when cognitive load is high, or exercise per-
formance is prolonged. Furthermore, there is 
evidence to suggest that simply swirling a carbo-
hydrate solution around the mouth may provide 
an ergogenic effect (Carter & McCullough, 
2013). This form of administration may be a use-
ful alternative in scenarios where multiple quanti-
ties of additional nutrition cannot be carried.

Working memory was better sustained over a 
5-day combat course in participants who 
ingested 2 g of tyrosine per day (Deijen, 
Wientjes, Vullinghs, Cloin, & Langefeld, 1999). 

In individuals who consumed a placebo, the 
number of correct responses was reduced by 
~27% over the 5 days, whereas a reduction of 
only 9% was observed in those receiving tyro-
sine. Tyrosine is an amino acid and precursor of 
neurotransmitters noradrenaline and dopamine, 
and under certain conditions is purported to be 
rate-limiting for brain noradrenaline and dopa-
mine synthesis (Milner & Wurtman, 1986). Nor-
adrenaline is important for cognitive functions 
dependent upon the prefrontal cortex including 
selective attention and working memory (Cham-
berlain, Müller, Blackwell, Robbins, & Saha-
kian, 2006; Cole & Robbins, 1992; Robbins, 
2005). Dopamine is implicated in motivated or 
goal-directed behaviors, and antagonism (Sal-
amone et al., 1991) and its depletion can cause a 
reallocation of behavior away from tasks that are 
effortful (Cannon & Palmiter, 2003). Similarly 
to carbohydrate, tyrosine appears particularly 
effective at maintaining cognitive performance 
under conditions of stress or high-cognitive load 
(Jongkees, Hommel, Kühn, & Colzato, 2015; 
Neri et al., 1995; O’Brien, Mahoney, Tharion, 
Sils, & Castellani, 2007). Periods of intensive 
training and deployment could be supported by 
tyrosine supplementation.

An herbal preparation containing plant 
extracts widely used in Ayurveda, an Indian 
form of medicine, improved processing speed 
on a task of attention. Ingesting the preparation 
twice per day for 8 days increased correct 
response rate on a trail-making task by 20% 
more than placebo, in soldiers on a combat 
assignment (Gopinathan, Grover, Gupta, & 
Srivastava, 1999). In the same participants, no 
benefit to a working memory or map plotting 
task was observed. Several Indian herbs, includ-
ing those used in the above preparation, have 
been reported to possess anti-stress and endur-
ance promoting effects. In animals, greater toler-
ance to physical fatigue and hypoxia have been 
shown with ingestion of similar preparations 
(Singh, Nath, Mishra, & Kohli, 1978; Tomar, 
Singh, Singh, & Kohli, 1984). These animals 
also showed reduced gastric ulceration due to 
stress (Chatterjee, Chakraborty, Pathak, & Sen-
gupta, 1992; Singh et al., 1978). The potential 
for similar results to be observed in humans war-
rants further research.
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The omega-3 fatty acid docosahexaenoic acid 
is a major structural component of the brain and 
required for normal membrane structure and sig-
nal transduction (W. E. Connor, Neuringer, & 
Reisbick, 1992; Horrobin, Jenkins, Bennett, & 
Christie, 2002). In animals, low levels of 
omega-3 are associated with deficits in cogni-
tion (Bourre, 2004; Haag, 2003). In humans, 
higher levels of omega-3 are linked to improve-
ments in a number of mood disorders including 
major depressive disorder (Antypa, Van der 
Does, Smelt, & Rogers, 2009; Kidd, 2007), a 
disorder of high prevalence in deployed soldiers 
(Bourre, 2004). Supplementation of 2.5 g of 
omega-3 daily had no effect on the attention, 
working memory, or response inhibition of sol-
diers during deployment (Dretsch et al., 2014). 
These data are consistent with the body of 
research showing inconclusive evidence for 
benefit to cognition with omega-3 supplementa-
tion in humans (Antypa, Smelt, Strengholt, & 
Van der Does, 2012; Kotani et al., 2006; Tajal-
izadekhoob et al., 2011). The authors did note, 
however, that improvements in cognitive perfor-
mance may not be observed in such a high-func-
tioning cohort, with benefit more likely in indi-
viduals when cognition or mood is clinically 
impaired (Appleton, Rogers, & Ness, 2010).

Biological Factors
Twenty-four studies investigated the effect of 

a biological factor on cognitive or military task 
performance. An overview of these studies is 
presented in Table 4. Eleven studies investigated 
the effect of a hormone or blood marker on 
performance, five studies compared aspects of 
vision, three studies physical fitness, two stud-
ies examined pregnancy, one study examined 
the role of genetics, one study motion sickness 
symptoms, and one study heart rate variability 
(HRV). A mixture of male and female partici-
pants was utilized, with participants described 
as military personnel, sailors, pilots, soldiers, 
marines, air force, cadets, conscripts, draftees, 
or active duty.

Blood and hormonal markers. Several blood 
and hormonal markers offer promise in predict-
ing variance in performance on cognitive and 
military tasks. The most commonly assessed 
markers are hormones produced in response to 

stress. Cortisol, for example, appeared to explain 
substantial variation in attention, working mem-
ory, and performance during a mock interroga-
tion, despite differences in the timing of 
measurement. For tasks of attention and pro-
cessing speed, the response of cortisol to a cog-
nitive task was associated with choice reaction 
time (r = .54) and the number of correct responses 
on a continuous performance task (r = –.49; 
Johnsen, Hansen, Murison, Eid, & Thayer, 
2012). For working memory, evening levels of 
cortisol were negatively and most strongly cor-
related with the number of correct responses (r = 
–.80) and reaction time (r = –.81) on a serial pat-
tern matching test (Johnsen et al., 2012). Corti-
sol concentration immediately following a mock 
interrogation was also negatively correlated (r = 
–.51) with performance (Morgan et al., 2004). A 
similar trend was observed for adrenaline, where 
the concentration before flight simulation was 
negatively associated with flight performance 
(Leino, Leppaluoto, Ruokonen, & Kuronen, 
1999). Both cortisol and adrenaline are hor-
mones secreted by the adrenal glands in response 
to stress. These hormones appear to preferen-
tially alter processes associated with the pre-
frontal cortex (Lupien, Gillin, & Hauger, 1999; 
Young, Sahakian, Robbins, & Cowen, 1999) 
and hippocampus (McEwen, 1999). Acutely, 
behavior related to these brain regions is altered 
(Joels & de Kloet, 1992), and chronic elevation 
can affect brain morphology (Pruessner et al., 
2005).

In contrast to the negative association 
between cortisol and performance, dehydroepi-
androsterone (DHEA) and its metabolite dehy-
droepiandrosterone sulfate (DHEAS), hormones 
secreted by the adrenal cortex in response to 
stress hormone adrenocorticotropin were posi-
tively associated with performance on a military 
task. Furthermore, it appears that DHEAS and 
the ratio of DHEAS to cortisol may modulate 
the vulnerability of an individual to stress (Mor-
gan et al., 2004), with DHEAS seemingly able 
to prevent cortisol-induced performance impair-
ments (Fleshner, Pugh, Tremblay, & Rudy, 
1997; Frye & Lacey, 1999). A positive correla-
tion was observed between baseline DHEA 
(r = .53) and DHEAS (r = .46) and accuracy in a 
nighttime underwater navigation task (Morgan, 

(text continues on p. 22)
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Rasmusson, Pietrzak, Coric, & Southwick, 
2009). A positive correlation was also observed 
between the ratio of DHEAS to salivary cortisol 
assessed immediately following an interrogation 
(r = .61), and instructor-rated performance dur-
ing a mock prisoner of war camp (Morgan et al., 
2004).

Other blood and hormonal markers which 
could affect cognitive or military task perfor-
mance include platelet monoamine oxidase 
activity, thyrotropin-releasing hormone, estra-
diol, testosterone, thyroxine, and serum biliru-
bin. Platelet monoamine oxidase activity and 
thyroxine appear to have positive benefits, while 
thyrotropin-releasing hormone, sex hormones, 
and serum bilirubin seem to have no effect. 
Platelet monoamine oxidase activity was posi-
tively, albeit weakly, correlated with auditory 
and visual simple (r = .15) and choice (r = .31) 
reaction time (af Klinteberg et al., 1990), and 
participants with higher thyroxine levels better 
maintained performance on a working memory 
task during winter in Antarctica (Reed et al., 
2001). No effect of thyrotropin-releasing hor-
mone (Repperger et al., 1987), estradiol (Flegr 
et al., 2012), testosterone (Flegr et al., 2012), or 
serum bilirubin was found for tasks of process-
ing speed or attention. Testosterone and estra-
diol also had no impact on selective memory 
(Flegr et al., 2012). Toxoplasmosis (an infection 
caused by the parasite toxoplasma gondii) 
increased the likelihood of a military person 
being involved in a traffic accident, while being 
rhesus-positive with toxoplasma infection was 
protective (Flegr, Klose, Novotna, Berenreit-
terova, & Havlicek, 2009).

Vision. Participants with better vision tended 
to perform better on military tasks. High visual 
acuity increased the likelihood of correctly iden-
tifying (Hatch, Hilber, Elledge, Stout, & Lee, 
2009) and hitting (Hatch et al., 2009; Wells, 
Wagner, Reich, & Hardigan, 2009) a target on a 
test of marksmanship. Active accommodation, a 
combination of visual acuity, contrast sensitivity 
to high spatial frequencies and a near focal point, 
most strongly predicted fixed wing identifica-
tion accuracy (r = –.63). Passive accommoda-
tion (including resting focus and far focal point; 
r = .50) and image interpretation (blur interpre-
tation and contrast sensitivity to low spatial 

frequencies; r = .55) were associated with fixed 
wing acquisition (Barber, 1990). Surprisingly, 
however, flight performance of personnel with 
corrected vision was no worse, if not better, than 
individuals with normal vision. Students with 
aviation vision waivers had a higher completion 
rate and aviation qualification test score than 
control students, with little difference on flight 
aptitude rating score or flight training hours or 
grades (Bohnker, Anzalone, Mittelman, & Mar-
kovitis, 1991). Pilots who wore corrective lenses 
had a similar prevalence of accident when ana-
lyzing incidents where visual ability might play 
a role (i.e., wire and other strikes on low-level 
flight, disorientation, or errors on landing) than 
noncorrective lens wearers (Froom, Ribak, 
Burger, & Gross, 1987). Selection criteria 
regarding uncorrected vision may need to be 
reconsidered.

Aerobic fitness. Aerobic fitness was benefi-
cial to cognition, with training leading to 
improvement or maintenance of maximal oxy-
gen consumption resulting in better cognitive 
performance. Greater aerobic fitness was associ-
ated with faster reaction time on a continuous 
performance task, as well as greater accuracy on 
this task and working memory (Hansen, John-
sen, Sollers, Stenvik, & Thayer, 2004). An 
8-week physical training program which 
improved maximal oxygen consumption by 5% 
improved performance on a task of attention 
(20%), working memory (20%), and response 
inhibition (24%; Hickey, Donne, & O’Brien, 
2012). Physical fitness, assessed by an endur-
ance treadmill task and a combined bench and 
leg press score, was also predictive of officer-
assessed military performance in both male and 
female first-year conscripts (r = .19; Kober, 
Lang-Ree, Stubberud, & Martinussen, 2017). 
The link between physical activity and aerobic 
fitness and cognition is well established. Aero-
bic exercise training improves attention, pro-
cessing speed, executive function, and memory 
(Smith et al., 2010), and higher aerobic fitness 
can moderate functional connections between 
specific brain regions and networks that support 
cognitive control (Talukdar et al., 2017). Supe-
rior physical fitness may also benefit cognition 
indirectly by mitigating the impact of other fac-
tors detrimental to performance, allowing an 
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individual to better accommodate both the 
stressor and task demand. As an example, greater 
physical fitness reduces stress reactions to 
extreme military training (Taylor et al., 2008). 
Individuals with greater aerobic capacity better 
tolerate higher core body temperatures in the 
heat (Selkirk & McLellan, 2001), report matched 
physical exertion as less strenuous (Milanez 
et al., 2011), and are less affected by mental 
fatigue (Martin et al., 2016). It must be further 
highlighted that a consistent approach to main-
taining aerobic fitness is needed, with impaired 
reaction time on tasks of executive function 
apparent after abstaining from structured physi-
cal training for only 4 weeks (Hansen et al., 
2004). To optimize cognitive performance, reg-
ular and consistent physical training, focusing 
on improving aerobic fitness, should be priori-
tized in all military personnel.

Pregnancy. Two studies used a female pilot 
as a case study to assess the effect of pregnancy 
on cognition. Pregnancy and the postpartum 
period tended to be associated with poorer work-
ing memory compared with nonpregnant female 
control participants. Pregnancy had no effect on 
accuracy of a mental rotation task, but reaction 
time was slower during the second trimester 
compared with nonpregnant female controls 
(Piccardi et al., 2013). Compared with controls, 
working memory, delayed recall, and learning 
recall were impaired in the pregnant pilot, with 
working memory remaining worse 1-year post-
partum (Piccardi et al., 2014). In a nonmilitary 
cohort, the impact of pregnancy on cognition 
provides mixed results, although these studies 
typically aim to detect clinical impairment in 
cognition rather than differences in performance 
among healthy, highly trained individuals 
(Buckwalter et al., 1999; Christensen, Poyser, 
Pollitt, & Cubis, 1999; Morris, Toms, Easthope, 
& Biddulph, 1998). The duration to which cog-
nitive impairment remains also varies with some 
reports of memory disturbances being resolved 
as early as 2 days postpartum (Eidelman, Hoff-
mann, & Kaitz, 1993), whereas others indicate 
these deficits persist for 2 months or longer after 
delivery (de Groot, Vuurman, Hornstra, & 
Jolles, 2006). Cognition related to job perfor-
mance should be assessed in women returning to 
military activities post pregnancy.

Genetics. While the suitability of genetic 
testing in an occupational context is sur-
rounded by ethical debate, there is some 
research linking cognitive performance with 
certain genes or alleles. In this review, one 
study examined the impact of genetics on cog-
nition across three different tasks. A variant of 
the cholinergic nicotinic receptor gene 
(CHRNA4 rs10044396) thought to influence 
visuospatial attention was unrelated to perfor-
mance on a visuospatial attention task (Rovira 
et al., 2016). Similarly, the genes encoding the 
kidney and brain expressed protein (KIBRA) 
and brain-derived neurotropic factor (BDNF) 
did not predict accuracy on a working memory 
task (Rovira et al., 2016). These genes were 
selected based on evidence of association with 
episodic memory (Milnik et al., 2012) and the 
ability to focus visuospatial attention (Green-
wood, Parasuraman, & Espeseth, 2012). On a 
land navigation task, KIBRA was associated 
with navigation success in the morning, but 
BDNF was unrelated. In the afternoon, the 
CHRNA4 genotype was associated with navi-
gation success, while CHRNA4 T allele carri-
ers that had been successful in the morning 
were the most successful in the afternoon 
(Rovira et al., 2016). With advances in knowl-
edge and technology, this area may become a 
burgeoning field of research.

Motion sickness. Motion sickness symptoms 
arising from driving a tank simulator had no 
effect on a reaction time task, but impaired per-
formance on a working memory task (Lerman 
et al., 1992). Participants who reported no (0) or 
few (1–3) symptoms improved digit symbol per-
formance after driving the simulator compared 
with baseline, whereas participants who reported 
four or more symptoms saw no improvement. In 
civilian studies, motion sickness has been asso-
ciated with poorer multitasking (Matsangas, 
McCauley, & Becker, 2014), working memory 
(Dahlman, Sjörs, Lindström, Ledin, & Falkmer, 
2009), and visual search performance (Golding 
& Kerguelen, 1992). Although outside of the 
scope of this review, several medications have 
been designed to treat motion sickness. Aside 
from their effectiveness in reliving motion sick-
ness, the effects of these drugs on cognitive per-
formance should also be considered (Paul, 
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MacLellan, & Gray, 2005; Weerts, Pattyn, Van 
de Heyning, & Wuyts, 2014).

HRV. Another stress response that could dis-
tinguish between high and low performing indi-
viduals is HRV. HRV is the variance in R-R 
intervals governed by changes in sympathetic 
and parasympathetic neural activity. Low HRV 
typically reflects excessive sympathetic and/or 
inadequate parasympathetic modulation of heart 
rate (Task Force of the European Society of Car-
diology and the North American Society of Pac-
ing and Electrophysiology, 1996), with reduced 
HRV observed during periods of emotional and 
physical stress, and increased HRV during peri-
ods of rest (Miu, Heilman, & Miclea, 2009; 
Nassef et al., 2009). Navy sailors with high 
baseline HRV responded faster on a continuous 
performance task than participants with low 
HRV (Hansen, Johnsen, & Thayer, 2003). Sail-
ors with high HRV also recorded more correct 
responses on a task of working memory (Hansen 
et al., 2003). Combining measurements of HRV 
and cortisol, individuals with low HRV saw 
greater cortisol reactivity during cognitive test-
ing but tended to perform better when cortisol 
concentration was high. Individuals with low 
HRV exhibited a 123% greater increase in corti-
sol in response to cognitive testing than those 
with high HRV (Johnsen et al., 2012). In addi-
tion, in those with low HRV, evening levels of 
cortisol were positively correlated (r = .64) with 
performance on a working memory task (John-
sen et al., 2012). In participants with high HRV, 
this relationship was reversed, morning levels of 
cortisol were negatively correlated with correct 
responses (r = –.61), and positively correlated 
with errors (r = .51) on a serial pattern matching 
task (Johnsen et al., 2012). While these results 
form only an initial insight to the use of HRV in 
a military setting, HRV combined with other 
measures may be useful in indicating that an 
individual may respond more positively or nega-
tively to stress. Furthermore, changes in HRV 
may provide an index of the effectiveness of an 
intervention at improving cognitive perfor-
mance under stress. For example, improvements 
in HRV resulting from interventions such as a 
12-week aerobic exercise program (Albinet, 
Boucard, Bouquet, & Audiffren, 2010) or bio-
feedback during task performance (Prinsloo 

et al., 2011) have produced associated benefits 
in cognition.

GenerAl dIScuSSIon
In this review, we examined physiologi-

cal factors that influence cognition in mili-
tary personnel. Factors including increasing 
age, fatigue arising from sustained military 
activities, prolonged undernutrition, dehydra-
tion, motion sickness, and pregnancy appear 
detrimental to cognitive performance. Having 
high visual acuity, high aerobic fitness, and a 
high DHEAS to cortisol ratio tended to benefit 
cognitive performance, as did supplementation 
with carbohydrates and tyrosine during periods 
of stress. Personnel with low baseline HRV, 
an exaggerated cortisol response to stress, or a 
higher number of stress-related biomarkers at 
baseline are likely more susceptible to perfor-
mance decline. Among the factors recognized as 
influencing cognition, a further subset was con-
sidered modifiable. Modifiable factors are vari-
ables that can be manipulated to minimize the 
harm, or maximize the benefit to performance, 
and include nutrition, hydration, and aerobic 
fitness. By identifying the factors that influ-
ence cognition, strategies or interventions can 
be developed, evaluated, and then implemented 
to provide personnel the best opportunity to 
perform effectively during military training and 
deployment.

Greater aerobic fitness was associated with 
better cognitive and military task performance. 
Military training, which can improve aerobic fit-
ness (Dyrstad, Soltvedt, & Hallén, 2006; Legg 
& Duggan, 1996), also improved aspects of cog-
nition. The benefit of physical training and 
improved cardiorespiratory fitness to cognition 
are well established; however, greater aerobic 
fitness may also improve cognition indirectly by 
mitigating the impact of other stressors such as 
physical and mental demand and heat stress, 
allowing an individual to better accommodate 
both these and the task demands. It is also 
important to note that a consistent approach to 
maintaining aerobic fitness is needed, with 
impairments in cognitive performance observed 
after only 4 weeks of abstaining from struc-
tured physical training (Hansen et al., 2004). 
To optimize cognitive performance, regular and 
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consistent physical training focusing on improv-
ing aerobic fitness should be a priority for all 
military personnel, even those with nonphysical 
roles. Physical training may also be considered 
in non-deployed personnel as a method to 
improve the capacity of dealing with stress.

Physiological biomarkers of stress including 
HRV and several stress-related hormones may 
be useful in understanding variations in perfor-
mance. Individuals with an exaggerated stress 
response, as well as greater prevalence of stress-
related biomarkers at baseline, tended to per-
form worse on cognitive tasks or suffer greater 
decline in performance over time. An exacer-
bated physiological response to a stressor is gen-
erally viewed as maladaptive or reflecting a 
heightened sensitivity to the context of the stress 
(Calabrese et al., 2007). Personnel who are iden-
tified as experiencing such responses might ben-
efit from the practice of stress-reducing tech-
niques. In military personnel, interventions 
including yoga and mindfulness have been asso-
ciated with decreased waking cortisol (Rocha 
et al., 2012), and a reduced cortisol and HRV 
response following a submarine escape training 
exercise (Trousselard, 2009). Mindfulness train-
ing has been shown to improve cognition 
through a reduction in lapses on a sustained 
attention to response task (Jha et al., 2015) and 
better working memory over the stressful pre-
deployment period (Jha et al., 2010). Other fac-
tors including aerobic fitness can reduce bio-
chemical and self-reported measures of stress 
and anxiety during and following exposure to a 
series of psychosocial stressors (Sinyor, 
Schwartz, Peronnet, Brisson, & Seraganian, 
1983). Identifying individuals vulnerable to per-
formance decrements with physiological and 
psychological stress could be achieved via test-
ing of biomarkers during stressful simulation 
training. These individuals should then be tar-
geted with the appropriate interventions, with 
strategies implemented during both intense peri-
ods of preparatory training and deployment.

Undernutrition resulting from the pro-
longed consumption of lightweight rations, as 
well as dehydration from ingestion of a low-
fluid diet, impaired aspects of cognition. For 
both conditions, the changes in cognitive per-
formance are likely associated with impaired 

neurotransmission. For undernutrition, the 
changes in cognition are more closely aligned to 
individual changes in plasma amino acid con-
centration than the energy restriction itself 
(Lieberman et al., 1997). Amino acids such as 
tryptophan and tyrosine are important in the syn-
thesis of neurotransmitters thought to be impli-
cated in cognition (Milner & Wurtman, 1986), 
and supplementation of these amino acids can 
improve cognition (Mohajeri et al., 2015; Mur-
phy, Longhitano, Ayres, Cowen, & Harmer, 
2006), particularly during periods of stress (Dei-
jen et al., 1999; O’Brien et al., 2007). For dehy-
dration, impairment in neurotransmission is 
largely related to changes in the concentration of 
electrolytes in the body (Popova et al., 2001). 
Dehydration can activate the hypothalamic-pitu-
itary-adrenocortical axis (Adan, 2012), magni-
fying any cognitive impairments associated with 
stress. When considering strategies to safeguard 
against undernutrition or dehydration-induced 
cognitive deficits, these subtleties should be 
considered. During periods where nutrition may 
be insufficient, priority should be given to a diet 
high in protein and carbohydrate, containing 
sufficient levels of amino acids that synthesize 
neurotransmitters involved in cognition. Where 
a sufficient diet cannot be provided, pre-deploy-
ment supplementation may be worthwhile. 
Where dehydration is concerned, rehydration 
using energy drinks, for example, may be advan-
tageous with a combination of fluid and electro-
lytes. These beverages can be effective in restor-
ing both cognitive and physical performance 
following dehydration (Bailey et al., 2008; Kal-
man, Feldman, Krieger, & Bloomer, 2012), and 
enhancing performance when physically and/or 
mentally fatigued (Lieberman et al., 2002).

concluSIon
Several physiological factors have a posi-

tive or negative impact on cognition. Some 
of these factors are modifiable and should be 
targeted for interventions in military settings to 
improve cognitive performance. Increasing or 
maintaining aerobic fitness impacts cognition 
directly and improves the ability to accommo-
date other stressors. Maintaining an adequate 
diet and hydration status ensures effective brain 
 functioning in regard to neurotransmission. 
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Targeting individuals who recorded a greater 
physiological response to stress for interventions 
designed to reduce stress and anxiety may also 
reduce performance impairment with stress. By 
identifying and considering physiological factors 
which influence cognition, coupled with other 
physical, psychological, and environmental fac-
tors, military personnel can be more compre-
hensively prepared to face potential stressors. 
This information will inform the evaluation 
and development of strategies and programs 
designed to enhance cognitive performance spe-
cific to military training and deployment con-
texts.
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key PoIntS
 • Several physiological states and traits can influ-

ence cognition, and as such, where cognitive per-
formance is important, these factors should be 
considered.

 • Factors identified as having a positive impact on 
cognition included aerobic fitness, nutritional sup-
plementation, and visual acuity.

 • Factors identified as having a negative impact 
included fatigue arising from sustained military 
activities, dehydration, undernutrition, and an 
exaggerated physiological stress response to a 
cognitive task or stressor.

 • Modifiable factors should be targeted for manip-
ulation during the training and preparation of 
personnel for deployment, alongside typical prep-
aration methods.
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