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Abstract

Military personnel rely on caffeinated products such as coffee or energy drinks (ED) to maintain
a maximal level of vigilance and performance under sleep-deprived and combat situations. While
chronic caffeine intake is associated with decreased sleep duration and non-restful sleep in the
general population, these relationships are understudied in the military. We conducted a focused
review of the effects of caffeinated products on sleep and the functioning of military personnel.
We used a pre-specified search algorithm and identified 28 peer-reviewed articles published
between January 1967 and July 2019 involving military personnel. We classified the findings
from these studies into three categories. These categories included descriptive studies of caffeine
use, studies evaluating the association between caffeinated products and sleep or functioning
measures, and clinical trials assessing the effects of caffeinated products on functioning in
sleep-deprived conditions. Most of the studies showed that military personnel used at least one
caffeine-containing product per day during active duty and coffee was their primary source

of caffeine. Their mean caffeine consumption varied from 212-285 mg/day, depending on the
type of personnel and their deployment status. Those who were younger than 30 years of

age preferred ED use. Caffeine use in increasing amounts was associated with decreased sleep
duration and increased psychiatric symptoms. The consumption of caffeinated products during
sleep deprivation improved their cognitive and behavioral outcomes and physical performance.
Caffeine and energy drink consumption may maintain some aspects of performance stemming
from insufficient sleep in deployed personnel, but excessive use may have adverse consequences.
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Introduction:

Stressors in the military are often both physical and neuropsychological in nature. These
inconveniences may contribute to high rates of insufficient sleep duration and insomnia-
related symptoms. For instance, in a military sleep disorders center, 8.9% of the respondents
met the criteria for behaviorally induced insufficient sleep syndrome, and 41.8% reported

a habitual sleep duration of < 5hours per night (Mysliwiec et al., 2013). Surveys have
demonstrated a mean sleep duration of 5.6 hours per day in personnel deployed in support
of Operation Iragi Freedom (United States Headquarters, 2013), and 5.8 hours in redeployed
personnel (Luxton et al., 2011), in contrast to the recommended 7 hours of sleep (Watson

et al., 2015). A study in U.S Navy Sailors found that 80.4% of the population were poor
sleepers on subjective assessment and with a mean duration of 3.3h to 6 hrs of sleep on
actigraphy (Matsangas and Shattuck, 2020). Around 87% of those sailors split their sleep
over 1.5 episodes per day. Though such a rest-activity pattern is a recommended strategy

for optimizing sleep in a 24/7 functioning environment, achieving 8hr of sleep per day may
not be feasible as observed on an objective assessment of cadets in a training environment
(Bernhardt et al., 2019). Insufficient sleep duration and insomnia in such situations may lead
to neurocognitive and psychomotor impairment in overall functioning of military personnel,
especially during their deployments.

Stimulant use is a countermeasure for fatigue in specific operational environments, and

it’s use has been prevalent among military populations across the world. A historical
example is the use of amphetamine and methamphetamine as performance enhancers during
World War 11 by the allied and axis armies (Defalque and Wright, 2011; Rasmussen,

2011; Snyder, 1973). These agents are used less frequently nowadays because of possible
adverse effects such as psychosis (Ellinwood et al., 1973; Snyder, 1973) and poor judgment
(Caldwell et al., 2000; Somogyi, 2010). A more common psychostimulant drug used by
military personnel these days is caffeine, which is comparable to the widespread caffeine
use in society (Somogyi, 2010) . Caffeine is a natural product obtained from coffee, tea,
cocoa, and guarana, and is indigenously grown in South America (Somogyi, 2010). It is
commonly consumed in a beverage form, e.g., coffee, energy drinks (EDs) or energy shots,
caffeine gum, or a concentrated pill form. Its use in the military is prevalent because of

its widespread availability and acceptability. Caffeine is served with meals in the form

of coffee, whereas caffeinated EDs are also part of their meals, supplied with rations, or
available for purchase. Military rations may also include caffeine gum.

In addition to the traditional means of caffeine consumption through coffee use, there are
newer trends involving the use of Energy Drinks (EDs). Manufacturers are aggressively
marketing EDs for young adults, the largest demographic of military personnel, as a source
of instant energy (Lieberman et al., 2012) with purported active ingredients including a
varying combination of caffeine, vitamins, taurine, guarana, tyrosine, kola nut, Yerba mate,
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and other herbal supplements (Somogyi, 2010). Producers may provide these beverages in
more substantial serving portions of 16-20 oz., in contrast to the 12 oz. serving size for
soft drinks and coffee. Thus, it is not surprising that, after multi-vitamins, EDs are the next
most common source of dietary supplements in adolescents and young adults in the U.S
(Campbell et al., 2013; Simon, 2007).

There is a recent comprehensive institutional report addressing the management of sleep
health in the specialized population of U.S service members (Troxel et al., 2015). However,
this report highlighted the effect of caffeine use on sleep to a very limited extent. The
current review aims to provide a comprehensive view of caffeine and ED use among military
personnel in the context of their sleep and functioning. Understanding the epidemiology

of higher caffeine consumption in the context of sleep among military personnel is an
essential next step to improve the health of our military personnel. Our primary aim was

to evaluate whether caffeinated products are associated with sleep-related complaints of
insomnia and sleep duration abnormalities. Our secondary aim was to determine whether
caffeine supplementation improved cognitive, psychomotor, and physical functioning under
sleep deprivation that mimics operational deployment. The review will educate the military
community on the impact of excess caffeine use on sleep health and related consequences
and the utility of caffeine use in sleep-deprived operational conditions.

We conducted this review based on the methodological framework for scoping reviews

as specified by Arksey and O’Malley (Arksey and O’Malley, 2005), and the Preferred
Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) guidelines for
scoping reviews (Tricco et al., 2018). We used two databases, PUBMED and SCOPUS,
and utilized the search algorithm specified in Figure 1. PUBMED was considered the
primary database and SCOPUS the secondary database for the manuscript search process.
The primary inclusion criteria included the following: 1) peer-reviewed studies based on
military population; 2) self-reported use of caffeine or energy drinks primarily at the time
of military service; 3) subjective or objective assessments of sleep disturbances; and 4)
articles published in the English language. We also conducted a retrospective bibliographic
review of selected manuscripts to identify any study missed by the initial search process.
We limited the search to peer-reviewed manuscripts published between January 1967 and
July 2019, Figure 1. The initial search yielded 123 articles. We then excluded review
articles, institutional reports, case reports, commentaries, opinions, animal-based studies,
and manuscripts in a language other than English. We also excluded studies involving
caffeine and energy drinks that did not evaluate sleep measures as an outcome since we
focused explicitly on the ramifications of caffeine on sleep disorders and related daytime
dysfunction symptoms in the military population. We excluded a study conducted at a
military center despite meeting the selection criteria due to the lack of clear demographic
information on the personnel’s military enlistment status.

We classified the identified studies into three groups based on the investigations’ nature,
and they included the following: descriptive studies, association studies, and clinical
trials. Furthermore, we assessed these studies for bias using the “Quality Assessment
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Tool for Quantitative Studies” developed by the Effective Public Health Practice Project
(EPHPP), Supplementary Table 1. Our descriptive studies elaborated on the studies that
reported the prevalence and pattern of caffeine use and gathered data on socio-demographic
characteristics, sleep, and other pertinent clinical information. Our association studies
included investigations that evaluated the relationship between caffeine use and sleep as

one of the primary outcomes of interest. The clinical trials included randomized, placebo-
controlled studies with a parallel assignment or a crossover trial involving different caffeine
doses and placebo. These clinical trials investigated the effect of caffeine-based interventions
on cognition and performance in military personnel under sleep-deprived conditions.

A total of 26 studies evaluated caffeine use in the US military population, Figure 1. The
bias assessment score for these studies is provided in Supplemental Table 1 (Effective Public
Health Practice Project, 1998). Overall, most of the studies were biased and had weak to
moderate scores. One study from the association studies group and two studies from the
experimental studies group had a low bias and were rated as the strong studies on the scale.
Studies that primarily investigated caffeine use included all their available sources (such as
coffee, ED, and nutritional supplements), whereas studies that examined ED use as their
source of caffeine focused on energy drinks and soda. The caffeine consumption (coffee and
other caffeine supplements or ED use), was self-reported within the observational studies in
Table 1 and Table 2 whereas the clinical trials administered prespecified caffeine doses to
the participants in Table 3.

Demographic characteristics.

Most active-duty personnel (84%) used at least one caffeinated product each day (Knapik
etal., 2016), Table 1. Two studies that described the consumption patterns across different
military branches found that the mean consumption varied from 212 mg/day among Air
Force Personnel to 285mg/day in active-duty US Army Soldiers (Knapik et al., 2017;
Knapik et al., 2016). A self-administered survey during deployment in Afghanistan found
that deployed personnel reported higher caffeine consumption, while soldiers in the combat
zone had the highest consumption (McLellan et al., 2018). In these observational studies,
the primary sources of caffeine varied by type and age of military personnel. The primary
sources of caffeine were coffee (45 to 56%), caffeinated sodas (43 to 56%), cola-type
beverages (54%), energy beverages (27-39%), and energy drinks (27 to 38%) (Knapik et
al., 2017). Those who were 40 years or older reported a higher prevalence of coffee use

as a primary source. In comparison, younger active-duty members of both military and Air
Force personnel reported higher ED consumption within the age group categories of 18-25
and 25-29 years (Attipoe et al., 2018; Centers for Disease Control Prevention, 2012; Knapik
et al., 2017). Other demographic characteristics that were associated with higher caffeine
consumption included male gender, Non-Hispanic White race, and a high school education
level or less. One study that compared soldiers deployed with different military assignments
found that service members deployed in combat had a higher daily caffeine intake than
deployed service-support personnel (McLellan et al., 2018). There was no difference by
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service rank or special operations status in any of these cross-sectional studies (Knapik et al.,
2017; Knapik et al., 2016; McLellan et al., 2018), Tables 1 and 2.

The two studies that specifically assessed the use of EDs or energy supplements (ESs) found
that EDs were the preferred means of caffeine consumption in about two-thirds of military
personnel younger than 30 (Attipoe et al., 2018; Toblin et al., 2018), Tables 1 and 2. Attipoe
and colleagues found that up to 50% of service members reported using ED at least once

a month using a convenience sample of 1,706 military (Attipoe et al., 2018). In a random
cluster of 1,249 Operation Enduring Freedom personnel deployed to Afghanistan, 45% of
the respondents reported consuming more than 1 ED daily, whereas 14% drank three or
more EDs per day (Centers for Disease Control Prevention, 2012). This estimate contrasted
with the data collected online from 377 active duty Air Force personnel stationed within

the United States, where 30.5% reported consuming one or more energy drinks a week,

and 5.57% of them reported daily consumption (Schmidt, 2008). The easy access to EDs

in vending machines, dedicated vending machines, and immediate access in work-related
areas facilitated their ED consumption (Schmidt, 2008). Three studies reported that the main
reasons for ED use were to increase mental alertness and mental endurance (Attipoe et

al., 2018; Schmidt, 2008; Stephens et al., 2014). However, none of the studies found an
association between ED use and aerobic or strength training (Knapik et al., 2017).

Sleep characteristics in ED users:

Data from the Millennium Cohort Study has shown that energy supplement users were
more likely to report difficulty sleeping and sleep < 6 hours per day (Jacobson et al.,

2012). In a survey of active duty Air Force personnel, 30.8% reported difficulty falling
asleep, and 10.8% reported trouble staying asleep as common adverse effects linked to

the consumption of EDs (Schmidt, 2008). Compared to those with a lower energy drink
consumption, personnel with higher energy drink consumption were more likely to fall
asleep in briefings and on guard duty on a deployment in Afghanistan (Centers for Disease
Control Prevention, 2012). The use of EDs use among troops who returned from a 12-month
combat deployment has also been associated with mental health problems, aggression, and
fatigue in a study on a random sample of active-duty U.S Army Soldiers (Toblin et al.,
2018). In a recent survey among personnel deployed in combat, those who drank more than
3 EDs per day represented 38.2% of the respondents who slept for about 4 hours each day,
and they complained of disrupted sleep on more than half the nights over the last month
(Centers for Disease Control Prevention, 2012).

Sleep and functioning characteristics with caffeine use in clinical trials

Prior studies in the military population have mainly investigated caffeine’s impact on
functioning after sleep deprivation and on their subsequent recovery sleep (Kamimori et
al., 2015; Kilpelainen AA, 2010; Tikuisis et al., 2004), Table 3. We have summarized these
findings in the below-mentioned categories:

a) Sleep deprivation & Sleepiness: A few clinical trials listed in Table 3 showed that
caffeine intake in the dose range of 100-800 mg improved cognitive functioning, such as
vigilance learning, mood, and memory (Kamimori et al., 2015; Lieberman et al., 2002),
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improved target detection (Tikuisis et al., 2004), maintained alertness (McLellan et al.,
2004), and conserved sustained vigilance after overnight sleep deprivation (McLellan et
al., 2005a; McLellan et al., 2007). Caffeine use also prevented compromises in sighting
and accuracy involving male Navy SEAL trainees in a randomized trial comparing caffeine
and placebo (Tharion et al., 2003). However, one study failed to demonstrate a difference
between caffeine and placebo on the vigilance test after 37 hours of sleep deprivation
(Kilpelainen AA, 2010).

In addition to improved cognitive functioning, these randomized trials also found

that caffeine use improved the military personnels’ behavioral outcomes and physical
performance during sleep deprivation. These behavioral improvements included vigilance
task (Kamimori et al., 2015) and sustained psychomotor performance in male special
forces (McLellan et al., 2005b), and also maintained their physical performance after

sleep deprivation (McLellan et al., 2004; McLellan et al., 2005a; McLellan et al., 2007).
Furthermore, caffeine consumption decreased the sleep inertia after 1 or 6 hours of sleep in
a double-blind, placebo-controlled crossover study of healthy, active-duty military personnel
(Newman et al., 2013). However, two studies failed to demonstrate the beneficial effects

of caffeine on sleep deprivation, such as the lack of an improvement in marksmanship
performance (Tikuisis et al., 2004) or their ability to fly after 37 hours of sleep deprivation
(Lohi et al., 2007). Thus, caffeine use may improve or sustain cognitive and behavioral
outcomes during acute and subacute sleep deprivation. Two studies also demonstrated

that caffeine-treated subjects underestimated their flight performance deficits after sleep
deprivation(Kilpelainen AA, 2010; Lohi et al., 2007).

b) Insomnia: High caffeine use was associated with lower insomnia severity and was not
linked with other measures of sleep disturbance or with PTSD symptoms in a study on
active duty members seeking treatment for PTSD after their deployments (McLean et al.,
2017), Table 2. One study found that only the degree of combat (and not the consumption of
energy products) predicted their degree of insomnia (Waits et al., 2014), Table 2. Conversely,
another study involving active-duty members found that ED users were also more likely to
complain about insomnia and alcohol misuse (Toblin et al., 2018).

Discussion:

The current report reviewed the caffeine and energy drink (ED) use in the military
population and its relationship with sleep characteristics. We found that the service
personnel had caffeine consumption within a range of 212-285 mg/day. The predominant
means of caffeine consumption was coffee in older military personnel, whereas ED use

was more common among the younger military personnel (Knapik et al., 2017; Knapik

et al., 2016). Observational studies showed that caffeine consumption was associated with
insomnia symptoms and decreased sleep duration. Moreover, ED use was also associated
with fatigue, aggression, and suicidal ideation. The placebo-controlled clinical trials showed
that caffeine use improved the military personnel’s cognitive and behavioral outcomes and
improved their physical performance during sleep deprivation.
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The mean daily caffeine consumption reported herein was higher in military personnel than
in the civilian populations (Chaudhary et al., 2016; Knapik et al., 2017; Knapik et al., 2016),
but the demographic characteristics linked to caffeine or ED use in this population were
similar to those seen in the general population. Recent estimates have shown that 58%

of young adults between the ages of 18-25 who presented to the Emergency Department
reported the use of EDs in the past month, similar to estimates observed in active duty
members (Cotter et al., 2013). Men consistently had higher ED consumption rates than
women in the military and civilian populations (Reissig et al., 2009; West et al., 2006).

ED use varied by racial group and was more common in blacks and hispanic subjects
(Wells et al., 2013). In parallel to the military community, police officers showed a higher
caffeine intake to stay awake, and this use was independently associated with increased
odds of errors, stress, and burnout (Ogeil et al., 2018). These similarities suggest that

the community-level interventions designed in the general population need to be evaluated
within the military population.

The association between higher consumption of caffeine or ED use and low sleep duration
was consistent across all the observational studies. However, the association between
caffeine or ED use and sleep disturbances was inconsistent. Waits et al. found that the

lack of an association between ED use and insomnia was accounted for by the severity of
insomnia (Waits et al., 2014). The severity of insomnia among non-caffeine users was higher
than caffeine users, leading to a non-significant relationship between ED use and insomnia.
McLean et al. accordingly suggested that a non-significant association between caffeine use
and sleep measures in their study among personnel seeking treatment for PTSD may have
been secondary to a lower caffeine use in those with PTSD symptoms to avoid anxiety
attacks (McLean et al., 2017). Moreover, most of the data on caffeine consumption and sleep
measured collected in the studies is self-reported and cross-sectional and does not consider
daily variability in both measures. Since many military personnel work in environments
involving higher psychosocial stress levels, future studies should also use objective methods
to characterize the variations in caffeine consumption and sleep patterns to help us improve
our understanding of these relationships.

There was no consensus across clinical trials on the effect of higher doses of caffeine

on improving neurocognitive performance, marksmanship, and vigilance tasks after sleep
deprivation. Multiple state and trait-based reasons may explain the lack of such a consensus.
The environment (training vs. simulated) under which the experiments were conducted
could have affected the pattern of wakefulness and performance intent. It may have been

a state-based reason for the discrepancy in the results. Moreover, studies that ascertained
caffeine ingestion time or had multiple dosages of caffeine observed improvement in these
measures (Lieberman et al., 2002; McLellan et al., 2007). Some of the trait-based reasons
may include the differences in susceptibility to the effects of sleep deprivation and the
variability in caffeine metabolism. The susceptibility to the effects of sleep deprivation is

a heritable trait, with different people showing a varying level of impairment (Nunes et

al., 2017). It is possible that caffeine consumption differentially improved performance in
individuals who were more susceptible to the effects of sleep deprivation. It is also possible
that the persistence of a higher concentration of caffeine in the system secondary to lower
caffeine metabolism resulted in an improved neurocognitive performance at the time of
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these activities. Individuals with high CYPA2 enzyme activity may require higher doses

of caffeine to achieve the same level of performance compared to those with low enzyme
activity (Kilpelainen AA, 2010; Rasmussen et al., 2002). While measurements of urinary
metabolites of caffeine will address this issue in future experiments, these factors need to be
kept in mind while evaluating the relationships between caffeine use and sleep deprivation.

Despite these biases and improved performance, we should keep in mind caffeine’s
deleterious effect on sleep. On a short-term basis, caffeine consumption may increase night-
time worrying and sleep continuity-related abnormalities (Omvik et al., 2007). Some of
these abnormalities include increased sleep latency, decreased stages 2 and 4 of Non-Rapid
Eye Movement Sleep, brief arousals from sleep, reduced sleep duration and a decrease in
sleep efficiency (which is the time in bed that spent sleeping) (Chaudhary et al., 2016;
Shilo et al., 2002; Watson et al., 2016). These effects are prominent on the first day of
consumption (Keenan et al., 2014). Strong associations also exist on the co-occurrence of
psychological distress and disturbed affect in conjunction with disturbed sleep (Ogeil and
Phillips, 2015). A study evaluating adult Americans demonstrated that when sleep duration
decreased, the relationship between increased caffeine consumption and non-restorative
sleep became stronger (Kozak PJ, 2011).

After an extended period of sleep restriction, the onset of acute recovery sleep may be a
function of the high sleep pressure, secondary to increased homeostatic activity (Borbely

et al., 2016). This recovery sleep may improve the neurocognitive performance to the
baseline. Beyond the phase of acute recovery sleep, continuous caffeine use may trigger

a circadian wake-promoting signal during daytime and lead to fragmented sleep affecting
complete recovery (Banks et al., 2010; Carrier et al., 2009). Given that service members are
a population at high risk for insufficient sleep duration and its effects on subsequent sleep
recovery, these findings suggest that caffeine may play a role in impairing restorative sleep
among service members.

Most of the studies in our review were designed using convenience samples from available
military personnel during their active-duty or combat-related activities. These studies are
not comparable to traditional population-based studies for which bias risk assessment tools
are available. Accordingly, most of our studies had scores of weak to moderate on our
assessments and indicates to medium to high risk of bias. Such an approach itself indicates
selection bias and a non-representative military cohort but it also raises a question on the
most feasible way to gather data on this important sub-population. Future studies should
consider effective strategies to gather data from a representative active-duty sample. A
future direction of research may involve the use of caffeinated alcoholic beverages and
their effect on sleep and next-day functioning in military personnel. Despite the ban on
pre-mixed caffeinated alcoholic drinks, the intake of consumer-mixed alcohol with EDs

is a more disturbing trend than ED use alone. Alcohol is a commonly used substance
among military personnel along with caffeinated beverages with a growing trend of use

of caffeinated beverages along with alcohol in a younger military population (Manchester
etal., 2017; Stephens et al., 2014). The use of caffeinated beverages with alcohol use is
associated with adverse alcohol-related consequences including sleep disorders ((Drake et
al., 2003; McKetin et al., 2015). We did not find any study that examined the effect of
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caffeinated alcoholic drinks on sleep. Only one study examined the combined role of alcohol
use and energy drink use in the U.S Army (Mash et al., 2014). The study observed that
soldiers who reported daily alcohol and energy drink use were three times more likely

to have reported suicidal ideation or attempts. Heavy use of energy drinks alone during
combat deployment has been associated with psychiatric problems, aggressive behaviors,
and fatigue, despite caffeine being a countermeasure for fatigue (Toblin et al., 2018).
Caffeine may promote higher levels of alcohol consumption by countering the hypnotic
effect of alcohol, improving the reaction time even in an intoxicated state, and distorting
subjective perceptions of impairment (Curry and Stasio, 2009; Mallett et al., 2014; McKetin
et al., 2015; Peacock et al., 2012)). But, the existing studies in the general population
suggest the relationship between alcohol mixed EDs and sleep is variable (McKetin et al.,
2015; Peacock et al., 2014), and require additional investigations.

In summary, insufficient sleep still plagues military personnel and may have a chronic
course with fluctuations in its intensity over time, despite the implementation of strategies
to improve sleep. This insufficient sleep is further complicated by fatigue as a consequence
of the expected higher levels of vigilance and performance. Caffeine use, and increasingly
EDs are being used by military personnel to counter this sleepiness and fatigue. The chronic
and excessive use of caffeine and EDs in the military may further lead to dependence on
caffeine, insomnia, and non-restorative sleep. Such behavioral patterns of caffeine use in
the presence of acute stressors places service members at heightened risk of psychiatric
disorders, such as PTSD (Gehrman et al., 2013). Better sleep strategies may offset the
performance issues in deployed service personnel with insufficient sleep and may decrease
the need for higher caffeine consumption.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights:

. Military personnel report mean daily consumption of 212-285mg/day

. Coffee was the primary caffeine source for military personnel over the age of
25 years, but Energy Drink use was common for those 25 years of age and
younger

. Energy Drink use was associated with sleep disturbances.

. Caffeine/ED use had beneficial effects on performance after prolonged sleep
deprivation.

Pharmacol Biochem Behav. Author manuscript; available in PMC 2022 July 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Chaudhary et al. Page 15

Search Algorithm:
(“Caffeine”[All Fields] OR “Coffee"[All Fields] OR "energy drinks"[All Fields] OR “energy shots”

[All Fields]) AND (“military” [All fields] OR “veterans” [All Fields]) AND ("sleep'[All Fields] OR

"sleep initiation or maintenance disorders"[All Fields] OR "polysomnography"[All Fields]) AND
(("1967/01/01"[PDAT]: "2019/07/31"[PDAT]) AND "humans"[MeSH Terms])

123 Articles

54 articles were excluded: unrelated to topic of interest
including drug treatment, prescription stimulants

69 articles

Y
44 articles 25 articles were excluded: reviews, commentaries and

reports

29 articles were excluded: non-military studies or non-
v caffeinated drinks focused studies, 1 article was

13 artE‘» excluded it was not clear if study population was based
on military personnel, and 1 article was excluded due
to non-sleep focused study

L

l + 13 articles H 13 articles were added on retrospective review

l

| Final Selected Articles (n=26) |

Figure 1:
Illustration of Manuscript Selection Process for the review
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