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Abstract: High-intensity functional training (HIFT) is an exercise modality that emphasizes functional,
multi-joint movements that can be modified to any fitness level and elicit greater muscle recruitment
than more traditional exercise. As a relatively new training modality, HIFT is often compared to
high-intensity interval training (HIIT), yet the two are distinct. HIIT exercise is characterized by
relatively short bursts of repeated vigorous activity, interspersed by periods of rest or low-intensity
exercise for recovery, while HIFT utilizes constantly varied functional exercises and various activity
durations that may or may not incorporate rest. Over the last decade, studies evaluating the
effectiveness of HIIT programs have documented improvements in metabolic and cardiorespiratory
adaptations; however, less is known about the effects of HIFT. The purpose of this manuscript is to
provide a working definition of HIFT and review the available literature regarding its use to improve
metabolic and cardiorespiratory adaptations in strength and conditioning programs among various
populations. Additionally, we aim to create a definition that is used in future publications to evaluate
more effectively the future impact of this type of training on health and fitness outcomes.

Keywords: athletes; military; first responders; exercise; general physical preparedness

1. Introduction

High-intensity interval training (HIIT) refers to an exercise program that is characterized by
relatively short bursts of vigorous activity, interspersed by periods of rest or low-intensity exercise
for recovery. HIIT is primarily applied utilizing aerobic exercise, such as a running on a treadmill
and cycling on an ergometer [1,2]. Even though this type of training has been used among athletes
since the later part of the 20th century [3], it recently has gained momentum among fitness enthusiasts,
and has been identified as a “Top 10 Fitness Trend” in 2018 [4].

Over the last decade, studies evaluating the effectiveness of HIIT programs have shown
improvements in metabolic and cardiorespiratory adaptations [5–8]. Additionally, Burgomaster and
colleagues [9] reported significant improvements in time to exhaustion after only six sessions of HIIT
over a two-week period. This increase in endurance is most noteworthy as it was accomplished without
an increase in maximal oxygen consumption (VO2max), which suggests “peripheral” adaptations,
such as changes in carbohydrate metabolism, and enzymatic activity within the muscles might be
responsible for these changes [10].
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Although several investigators have substantiated the benefits of HIIT, less is known about the
effects of a relatively new training modality, known as high-intensity functional training (HIFT). HIFT
emphasizes functional, multi-joint movements via both aerobic and muscle-strengthening exercises [11].
HIFT can be modified to any fitness level and elicits greater muscle recruitment than repetitive aerobic
exercises, thereby improving cardiovascular endurance, strength, and flexibility [11–13].

Most studies using the HIFT methodology have used a CrossFit training template [11,13,14],
which is based on the concept of increased work capacity over time [15] while using a variety of exercise
modalities including mono-structural (e.g., running, rowing, etc.), as well as body weight movements
(e.g., squats, push-ups, etc.) and weightlifting derivatives (e.g., snatch, shoulder press, deadlift, etc.).
Recently, several investigators have examined the effects HIFT-based programs after multiple weeks of
training, and have shown significant improvements in maximal oxygen consumption (~12%) [11,12],
decreases in body fat (~8%) [11,16], as well as improvements in bone mineral content (~1%) [16] after
16-weeks of HIFT. In addition investigators have reported higher levels of enjoyment [14,17], between
HIFT participants and those engaged in more traditional resistance training programs, as well as a
greater sense of community [18,19], which facilitates initiation and adherence to exercise training [20].

Therefore, we propose the definition of HIFT as a training style [or program] that incorporates
a variety of functional movements, performed at high-intensity [relative to an individual’s ability],
and designed to improve parameters of general physical fitness (e.g., cardiovascular endurance,
strength, body composition, flexibility, etc.) and performance (e.g., agility, speed, power, strength,
etc.). Thus, and with this definition in mind, the aims of this paper are to: (1) detail what we believe
should constitute HIFT modalities; (2) provide a historical perspective of how HIFT programs have
developed over the last decade; (3) provide differentiation between current high-intensity protocols;
and (4) examine the application of HIFT training.

Considering the limited research in the area, our goal is to provide a “working definition” of this
style of training so that researchers around the world can equally refer to the same type of training and
continue to study and expand our understanding of HIFT. Even though several reviews of the pertinent
literature exist, to our knowledge, this is the first manuscript that provides a working definition of
what should constitute a HIFT program. To date, investigators have used several terms to identify this
type of training (e.g., high-intensity power training, multimodal high-intensity training, functional
high-intensity training, etc.). Therefore, as the training modality continues to gain interest in the
scientific community, a formal definition is warranted to better assess and compare the effectiveness,
safety, and long-term effects of these training programs in future studies, considering the potential
impact on public health outcomes.

2. HIIT vs. HIFT: Key Differences

A common misconception about HIFT is that it is synonymous with HIIT. While HIFT and
HIIT share some conceptual commonalities, such as the high-intensity nature of the training, there
are distinct differences in their methodologies that result in important differences in physiological
responses and adaptations. The most important differences are in terms of the use of functional
movement patterns and resistance-based exercises, as well as the prescription of rest intervals.

Typically, HIIT protocols use modalities that are unimodal in nature (i.e., running, cycling, rowing,
etc.), whereas HIFT protocols are defined using multimodal and “functional” exercises. Although there
are many definitions and criteria that may be used to describe functional exercises, it has been
proposed that functional exercises are those that involve whole body, universal motor recruitment
patterns in multiple planes of movement such as squats, deadlifts, cleans, snatches, pull-ups, vertical
jumps, and more [12,14,21]. In more traditional training, these types of powerlifting, weightlifting,
and gymnastics exercises are performed for prescribed sets and repetitions with a long recovery time
and are assumed to not result in a significant cardiovascular response with either acute or chronic
exercise [22]. However, when prescribed in a continuous circuit or interval format, and conducted at



Sports 2018, 6, 76 3 of 19

high intensity, these exercises are potent stimuli for not only improving muscle strength and power,
but cardiovascular, aerobic, and anaerobic adaptations as well [22].

Limited research exists comparing the two training modalities; however, studies using HIFT
methods specifically have resulted in significant changes in body composition [14,23], muscle strength
and power [12,24,25], as well as aerobic capacity [11,12,26]. Recently, Buckley et al. [27] compared the
training response of multimodal-based HIIT (similar to HIFT; MM-HIIT) with those of unimodal-based
HIIT (rowing ergometer; Row-HIIT) in women. Both groups completed six weeks of training three
times per week and each protocol included six-rounds of one-minute intervals completed in an “all-out”
manner, with a three-minute passive cooldown between rounds. Whereas the Row-HIIT completed
multiple intervals on the rowing ergometer, the MM-HIIT group completed several repetitions of
a heavy strength movement (squats, deadlifts, presses, etc.), a moderate load power/accessory
movement (lunges, push-ups, ring rows, push presses, etc.), and a metabolic conditioning finisher (box
jumps, burpees, ball slams, battle ropes, etc.) during the 60 s work intervals. While both the MM-HIIT
and Row-HIIT groups significantly improved aerobic capacity (7% vs. 5%, respectively), and anaerobic
power (15% vs. 12%, respectively), after six weeks of training, only the MM-HIIT group improved
muscle strength, power, and muscular endurance [27]. Therefore, it appears that multimodal-based
HIIT/HIFT provides similar improvements in aerobic and anaerobic adaptations as more traditional,
unimodal HIIT programs, with the added benefit of significant improvements in muscle performance
that are not typically observed with either HIIT [27] or continuous [28] aerobic training.

The second major difference between HIFT protocols and more traditional HIIT protocols is
the exclusion of a defined rest interval. Many HIFT workouts are based on completing a certain
number of repetitions in the fastest time possible (i.e., repetitions for time) or on completing a series
of exercises within a given time frame for as many repetitions as possible (i.e., As Many Repetitions
As Possible; AMRAP). The nature of each HIFT workouts means that individuals will require rest or
recovery breaks throughout the workout based on their current fitness levels; therefore, these breaks
are often short and not prescribed, thereby taken as in “as needed” basis throughout the exercise
bout. This differs from most HIIT protocols in that they often have recovery intervals at specific points
in time, which are typically longer. For example, one of the more traditional HIIT protocols is the
completion of multiple “all-out” 30 s sprint intervals on a cycle ergometer, repeated every 4.5 min for
4–6 rounds (repeated Wingate training) [10].

The differences in recovery time during various interval protocols may have important
implications for inducing training-related adaptations. For example, Cochran et al. [29] performed a
two-part study where, in the first part, they compared the acute responses of four repeated Wingate
tests and a continuous high-intensity bout of equal work (a total of around four-minutes of all-out
work on a cycle ergometer). The acute mitochondrial responses were similar between protocols,
which may suggest the potential for similar adaptations. However, unlike previous studies where
significant improvements in mitochondrial enzymes had been reported after chronic HIIT [30,31],
Cochran et al. [29], in their second study within this paper, studied the chronic adaptations to six weeks
of training using only the continuous protocol and reported that this protocol did not induce significant
chronic mitochondrial adaptations that are typically observed with HIIT training. Nonetheless,
while significant changes in mitochondrial proteins were not present after six weeks of training,
the continuous training group showed significant increases in cycling time trial performance and
maximal aerobic capacity that are similar in magnitude to previous reports of adaptations to HIIT
protocols [29]. The discordance between the acute and training-related responses to these protocols
presents an intriguing aspect of HIFT vs. HIIT training and their relative adaptations that requires
more study.

Although several studies exist, the magnitude of the literature related to this topic is a scarce.
Butcher and colleagues [32] compared a popular HIFT protocol (AMRAP of 5 pull-ups, 10 push-ups,
and 15 body weight squats for 21 min) with a multimodal HIIT protocol (8 bench press, 10 pull-ups,
and box jumps for the remainder of a 60 s interval with a 3-min recovery time for 6 sets) and found
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that while rate of perceived exertion responses were similar between the two-protocols (16 ± 1.8 vs.
18 ± 1.5, p > 0.05), heart rate responses were quite different. Whereas the HIFT protocol resulted
in heart rates around 90% of age-predicted maximum throughout the 21-min workout, the average
heart rates for the multimodal HIIT protocol were around 76% of age-predicted maximum, with only
the peaks for each interval approaching 90% maximum. This suggests that a HIFT program would
provide greater physiological stimulus over a 21-min workout than a HIIT protocol of comparable
time. In addition, the long-term ability of a participant to maintain such high percentage of maximal
heart rate would result in chronic cardiovascular adaptations, which will result in reduction of chronic
disease risk factors and mortality risk [33]. These two points, however, require additional investigation
within the HIFT literature.

Most recently, Sperlich et al. [34] compared the psycho-physiological responses associated with a
circuit-like, multi-joint, high-intensity program (CircuitHIIT) compared to a low-intensity high-volume
exercise program (CircuitCombined) among a group of inactive women during nine-weeks. Even though
investigators reported improvements in body composition, strength, power, and quality of life in
both groups, the CircuitHIIT-based protocol alone resulted in greater increases in aerobic capacity,
along with greater perceptions of pain, whereas the CircuitCombined increased perception of general
health. Together, these studies suggest that the cardiovascular stress and potential for adaptation
may be different between protocols that are continuous compared to those that are interval in nature,
regardless of intensity.

Kliszczewicz et al. [35] examined the oxidative stress of a single HIFT session including 20 min of
5-pull-ups, 10 push-ups, and 15 air-squats compared to a high-intensity treadmill session of 20 min
of running at 90% maximal heart rate. Even though significant increases in oxidative markers were
seen following each of the two exercise bouts, no significant differences were observed between
the two modalities. Thus, the investigators concluded that when matched by time and intensity,
the 20-min HIFT session, produced a physiological stress response that was similar to treadmill
running. More recently, Kliszczewicz et al. [36] compared the effect of a short (<5 min) and long (15 min)
HIFT workout on plasma metabolic markers. Even though significant changes in glucose, insulin,
epinephrine and norepinephrine were observed immediately after each HIFT bout, no significant
differences were reported between the two HIFT workouts, suggesting that perhaps even less
than five-minutes of HIFT may be beneficial for those with glucose metabolism impairment [36].
Additionally, it is worth nothing that of the four markers presented, only insulin markers remained
lower than pre-exercise values 1-h after the completion of the exercise bout. Additional studies should
be conducted to elucidate the potential metabolic effects of this type of training modality among those
with metabolic impairment.

While the evidence presented suggests differences in acute and chronic responses between
traditional HIIT and HIFT protocols, the scarce data currently available comparing both training
protocols prevents us from providing clear evidence to suggest one training program is superior to the
other; however, it seems that HIFT protocols may allow for multiple performance and physiological
adaptations that are not observed by solely training using unimodal HIIT methodology. Therefore,
practitioners should consider the adaptations desired by their trainees when selecting training methods.

3. Historical Perspective of HIFT

Due to the physical demands of various “tactical athlete” populations (e.g., military, fire service,
etc.), training needs have changed and adapted over time, with a clear “grass-roots” interest in and
demand for improving fitness for job duties, and law enforcement (i.e., combat, fire suppression
and rescue) [37]. For example, there has been a shift to the development and use of both combat
readiness tests in the military and physical agility tests used in the fire service and law enforcement,
which mimic actual job-related tasks rather than traditional fitness tests, which typically include a
run, bodyweight exercises (e.g., sit-ups and push-ups), and a flexibility measure [38]. Concurrently,
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various specialized tactical fitness programs for the military, fire service, and law enforcement have
been developed [21,37].

In line with the documented abilities required by combat personnel [39], Batchelor [40] and
Lowman [41] documented the most important physical tasks involved in combat included lifting from
the ground, lifting overhead, pushing, pulling and/or climbing, rotation, jumping and landing, lunging,
marching, running, and changing direction. With these needs in mind, Heinrich and colleagues [12]
compared the effects of a traditional military physical training program and a circuit-style HIFT
program called Mission Essential Fitness (MEF) among active duty Army personnel. After eight
weeks of training, the MEF group significantly increased their strength, aerobic capacity, and flexibility
compared to the traditional military physical training group.

However, military personnel, firefighters, and law enforcement officers who train to improve their
operational readiness and fitness are not training solely to improve aerobic or strength parameters [42],
as the physical demands of their jobs involve a broad range of fitness domains necessary to
perform the mission at hand [42]. Effective fitness programming should address all these critical
domains [21,37,43,44]. Recently, Haddock and colleagues [37], Poston and colleagues [21], and with
Hodzovic [45] describe how programs that combine aspects of resistance training with aerobic and
bodyweight exercises have excellent potential to improve both anaerobic and aerobic capacity in a
more time- and volume-efficient manner than traditional military training. This introduces HIFT as
valuable and appropriate training program for military personnel.

To our knowledge, the first mention of HIFT as an intervention strategy among non-military
personnel was made by Heinrich and colleagues [14]. In that study, investigators sought to compare
markers of enjoyment and adherence between individuals enrolled in a HIFT program and those in
a traditional moderate-intensity aerobic and weight training group. After eight weeks of training,
those in the HIFT group not only spent significantly less time exercising (only 39 min per week,
compared to 189), but they also had higher exercise enjoyment and intentions to continue (100%) than
the traditional group (56%). These findings are significant, as they provide evidence that HIFT exercise
may be more enjoyable than traditional exercise programs, which could have potential public health
implications. Among military populations, such as the US Army, criticisms of the current physical
training program exist, including insufficient preparation for combat and lack of training in multiple
fitness domains [40]. Thus, exercise training is often geared toward passing the Army’s fitness test
rather than combat preparedness [40], and this disconnect negatively impacts soldier motivation for
the exercise training program.

4. Utilization of HIFT Programs in the General Population

The rapid growth in popularity of HIFT has public health implications, considering that less
than 21% of United States adults meet current aerobic and muscle-strengthening physical activity
guidelines [46]. Exercise adherence is a key area of focus because many exercise programs have high
dropout rates [47]. Although previous research has addressed exercise adherence in general [48,49],
there is a lack of extant information on adherence to high-intensity exercise programs that incorporate
both aerobic and muscle-strengthening activities, such as HIFT. As well, limited information is available
about key factors that influence initiation of high-intensity exercise in the first place [11]. It is well
established that satisfaction of innate psychological needs (i.e., competence, autonomy, and relatedness)
is the product of intrinsically motivated behaviors [50], whereas extrinsic factors (e.g., external rewards)
can undermine intrinsic motivation [51]. Therefore, intrinsically motivated behaviors are a strong
predictor of overall exercise adherence [52].

As mentioned, Heinrich and colleagues [14] were the first to use HIFT as an intervention
strategy among non-military personnel. In that study, investigators sought to compare markers
of enjoyment and adherence between individuals enrolled in a HIFT program and those in a traditional
moderate-intensity aerobic and weight training group. After eight weeks of training, those in the
HIFT group not only spent less time exercising, but they also had higher exercise enjoyment and
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intentions to continue than the traditional group. Moreover, Heinrich and associates [14] postulated
that intrinsic motivation facilitated exercise initiation for the participants enrolled in this study. As such,
individuals were more likely to be intrinsically motivated to adhere to an activity if they had feelings
of high enjoyment, made social connections, and experienced low anxiety about the activity [53].
Accordingly, HIFT exercise adherence has been positively correlated with enjoyment [14,19,53], social
support [18,54], and intrinsic motivation [14,19].

Overall, intrinsic motives (e.g., challenge and enjoyment) have been ranked significantly higher
by HIFT participants than those completing other types of resistance exercise in a group, alone, or
with a personal trainer [17]. Improving physical abilities (e.g., strength, fitness), health-related factors
(e.g., prevention, being/remaining healthy), and functional skills seem to be key participation motives
for HIFT participants [18,19,55]. Additionally, affiliation, challenge, and enjoyment motives have
been rated significantly higher for HIFT participants than those in other types of resistance exercise
groups. Conversely, appearance, health pressures, ill-health avoidance, positive health, and weight
management were rated significantly lower for HIFT participants (mean age = 30.7 years) than those
completing resistance exercise with a personal trainer (mean age = 47.2 years) [17].

Intrinsic regulation, content of intrinsic goals, and competence need satisfaction have positively
predicted HIFT participation frequency, although participation was negatively predicted by
external regulation [56]. More specifically, the basic psychological needs of autonomy, relatedness,
and competence have positively predicted regulation of HIFT participation, with those who
participated less often reporting lower levels of each [19,57]. However, the frequency of weekly
HIFT participation has not been significantly correlated with affect, well-being, or body awareness [55].
In contrast, Bycura and colleagues [19] reported factors such as revitalization, enjoyment, affiliation,
and competition to be positively correlated with length (i.e., years) and frequency (i.e., weekly)
of participation in HIFT programs. They surmised that the social components of HIFT programs,
including group exercise, may greatly impact overall adherence and participation [19].

Using the application of achievement goal theory within a HIFT setting, Partridge, Knapp,
& Massengale [58] found that females and participants with less than six months of experience
were significantly more likely to report higher mastery-based goals, while males and those with more
experience were significantly more likely to report higher performance-based goals [58]. These findings
suggest that the steep learning curve associated with the different components of constantly varied
HIFT workouts may necessitate a focus on mastery goals for females and newer participants [58].
Awareness of participant goals is useful to help facilitate adherence as well as for linking like-minded
participants together.

Fitness centers, or gyms, are social institutions that offer opportunities for like-minded individuals
to interact outside of the home or work setting, which helps enhance a sense of belongingness [59].
Among HIFT programs, CrossFit training is the most common, and aims to be more than a fitness
program or gym, with an emphasis on community [60]. The physical layout of HIFT facilities
differ from those of traditional gyms in their value of floor space and moveable functional fitness
equipment as compared to electronic cardio equipment with television screens and stationary weight
machines [60,61]. Within CrossFit gyms, or “boxes” as they are typically called, equipment is minimal
and interaction with others is expected and encouraged, as compared to other types of gyms and
group fitness classes where people create virtual boundaries by listening to headphones or claiming a
physical space for their own [60]. Indeed, some traditional group fitness classes are a “space where
individuals come together to exercise alone in a group setting” [62]. When HIFT uses the group
exercise model and group induction process, greater social capital and community belongingness
occur, but it is possible that people more open to social interaction are attracted to HIFT in the first
place [61]. CrossFit training participants establish identity through shared norms, named workouts,
attire, and shared language [20,60]. Involvement in CrossFit training is thought to go beyond the gym
where through this “reinventive” institution, individuals can better their lives overall–becoming the
“best possible versions of themselves” [60].
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Social capital is described as the ability to make connections with others in a social network,
where trust, reciprocity and cooperation are paramount [63]. In this regard, researchers studying the
contextual and social environment of HIFT compared to traditional gyms in the UK found that social
capital and sense of community were significantly higher among those who participated in HIFT
(e.g., CrossFit training) than those who attended traditional gyms [61]. Moreover, social capital and
community belongingness were both positively correlated with weekly gym attendance for each gym
type, suggesting that an individual’s ability to make connections and build trust and cooperation
with other participants were important factors for maintaining exercise adherence [61]. However,
when trying to determine what factors were most influential in predicting gym attendance, regression
analysis showed that social capital, community belongingness and gym type only accounted for 6%
of the variance, suggesting that gym attendance was influenced by many factors other than those
examined by the authors [61]. As described by the authors, those in the HIFT group were younger
and reported fewer years of membership compared to the traditional gym group, which may be
important, considering it is well established that younger individuals are more proactive in building
social networks compared to their older counterparts [64].

Perhaps the nature of HIFT environments provide unique opportunities for participants to
build meaningful relationships and social networks (e.g., working out in groups, tracking and
sharing workout results, social activities outside the gym, etc.). Recent evidence from Heinrich
and colleagues [20] examined key factors that may affect participation in HIFT from the viewpoint
of coaches. Findings suggest that key elements, such as environmental and social factors, along with
physical and psychological changes experienced by the participants are thought to influence and
promote exercise adherence [20]. Moreover, a focus on community building, reducing intimidation
and cost, goal setting, monitoring progress, and social support were key factors for facilitating
participation [20].

As a form of HIFT, CrossFit training is considered both fitness training and a sport, which allows
for the public measurement and recording of workouts [65]. Performing workouts facilitates “peak
experiences of flow”, especially when performed in supportive group settings [65]. Participants who
engage in CrossFit training view the body as a machine through the immersive model of sport (i.e.,
positive effects from competition with in-group bonding empowering disenfranchised people/groups
where gender is on a continuum), which is a healthful practice [65]. Recently, researchers examined if
individuals engaged in CrossFit training might have higher than usual levels of exercise addiction–or
obsessive need to complete increasing amounts of exercise despite pain or injury, resulting in negative
consequences–which ranges between 3–29% in different types of sports [66]. The authors concluded
that among the 603 participants (55% male) engaged in CrossFit training, younger (<age 30) men
with higher exercise training volumes were more likely to experience exercise addiction; however,
the overall prevalence of self-reported exercise addiction was 5%, which was similar to other sports [66].
Those with higher exercise addiction scores were more likely to “exercise despite pain/injury,” feel
“guilt when missing exercise,” have “obsessive exercise,” and “take medication to exercise” [56].
Interestingly, greater “obsessive exercise” was positively associated with having “conflicts with family.”
The 5% rate found in the study was slightly lower than previous rates for football [soccer] players
(7.1%) and individual fitness participants (9.7%) ages 16–39 [66].

Another appeal of HIFT also is based on the idea of empowering women in a postfeminist context,
including women defeating men in workouts as well as showing strong women accomplishing difficult
tasks [67]. Despite its focus on functional fitness, CrossFit marketing has seemed to focus more on
attractive bodies than functional ones–which was in accord with the obsession on femininity in the
postfeminist media culture [67]. It is expensive to participate in CrossFit training at an affiliate and
composite media from CrossFit promotes a woman who is “not too old, already or formerly very
active, overwhelmingly White, and have access to the resources needed to be successful, especially
money, time, and energy” [67]. However, more recent images have been more inclusive of multiple
body types, ages, and health conditions (www.crossfit.com).

www.crossfit.com
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HIFT programming is typically associated with younger healthy individuals, considering the
high-intensity nature of the training. In a recent study, Feito and colleagues [68] examine changes
in body composition, bone metabolism, strength, and skill-specific performance over 16- weeks of
HIFT among a group of apparently healthy adults. Overall, improvements of body fat percent
(−6.5 ± 14.2 %fat) and bone mineral content among women (+0.7 ± 1.9 g/cm2) were observed.
The latter finding, although preliminary, considering the cross-sectional nature of the study, might
suggest this training modality could have potential osteogenic effects in a relatively faster time period
than traditional exercise programs [68]. Future studies should consider this training modality among
populations with impaired bone metabolism (e.g., osteopenia, osteoporosis, etc.).

To our knowledge, Heinrich et al. [11] were the first to report the potential benefits of HIFT
among a clinical population. In that study, researcher sought to determine how cancer survivors may
benefit from as little as five-weeks of HIFT training. Participants reported significant improvements
in emotional functioning, as well as improvements in measured body composition (increased lean
mass, decreased fat mass and body fat percentage) and five of seven functional performance tests [11].
Additionally, cancer survivors who adhered to the program found the HIFT group exercise program
to be acceptable and appealing [11]. Moreover, even though the program was well received by these
participants, investigators noted the importance of properly screening and individualizing exercise
programs, which allowed for modifications for cancer survivors participating in HIFT and required
education and appropriate training for coaches [11].

More recently, Nieuwoudt et al. [69] and Fealy et al. [70] provided insight to the effect of 6-weeks
of HIFT on beta-cell function [69] and insulin resistance [70] among a group of overweight/obese
individuals with type 2 diabetes mellitus. Investigators reported significant improvements in beta-cell
function and insulin processing [69], and insulin sensitivity [70]. In addition, and similar to other
studies with healthy populations, Nieuwoudt and colleagues also reported significant improvements
in oxygen capacity (2.43 ± 0.12 vs. 2.81 ± 0.15 L/min pre and post, respectively) and physical
performance (223 ± 12 vs. 282 ± 11 repetitions pre and post, respectively) after 6-weeks of training.
Perhaps more importantly from a public health perspective, is Fealy et al. significant decrease in
metabolic syndrome z-score (6.4 ± 4.5 vs. −0.2 ± 5.2 AU; p < 0.001), suggesting that participants
overall significantly improved their overall risk of developing cardiovascular disease and mortality [71].
Future studies should consider these findings and design-controlled interventions that can elaborate
on these findings and evaluate the public health impact of this type of interventions among individuals
with multiple risk factors for cardiovascular disease and metabolic syndrome.

The level of experience and training of HIFT coaches was recently investigated by
Waryasz et al. [72] and Maxwell and colleagues [73]. A survey evaluating CrossFit instructor
credentials and exercise programming practices found significant variability in training methods and
education/certifications of 193 instructors [72]. Even though the vast majority of coaches interviewed
had a minimum of a bachelor’s degree and had completed a CrossFit Level 1 certification course [72,73],
26% of those interviewed by Maxwell had an associate’s degree or less and 48.8% of those in Waryasz’s
study did not have another personal training certification of any type. In addition, large variations
were observed in the level of experience reported by Waryasz and colleagues [72], as the mean
years of experience was 8.5 years, with a standard deviation of 8.5 years, which suggest some of
those interviewed were recently starting in the field. As such, it has been suggested that some
coaches at HIFT facilities may not have the requisite exercise science degree, training, or experience to
adequately protect their members from injury risks, particularly those from high repetition high-stress
movements [74]. Exercise modifications may not always be used when needed due to participant ego
or lack of coaching knowledge, and high risk/low benefit exercises (e.g., kipping toes-to-bar, single-leg
squats) are included in some workouts [74].

Many benchmark CrossFit workouts contradict physiological training principles and scientific
recommendations for developing/enhancing physical fitness via muscular strength and power or
plyometric training [74]. Additionally, Maxwell et al. [73] reported on the level of sport nutrition
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knowledge among 289 HIFT trainers and found they had only moderate sport nutrition knowledge,
with trainers answering about 65% of questions correctly. Those who answered correctly, were most
knowledgeable about energy needs/recovery (75% correct) and micronutrients (70% correct), but less
knowledgeable about hydration (55% correct) and macronutrients (50% correct). However, this is not
surprising given that the last two components are significantly disputed by CrossFit, Inc. in opposition
to current nutritional and hydration guidelines [75,76].

Aside from being utilized in health and fitness settings, HIFT also has been utilized in education
facilities. An evaluation of college credit courses for weight training and HIFT found that muscular
power, via standing long jump, increased significantly more for traditional weight training students,
while HIFT students increased muscular power significantly more than students who completed
weight training on their own [24]. Traditional weight training students also increased upper body
power in the YMCA bench press test over those in the HIFT groups and those doing weight training on
their own [24]. However, it is worth pointing out that the HIFT group had the greatest improvement
in lower body endurance, as performed in the 1-min squat test. Sibley [77] provided a template for
utilizing HIFT for sport education in a middle or high school in order to “challenge and motivate
students to improve their fitness levels” (p. 48), in order to make fitness approachable, realistically
challenging, and fun.

5. Application of HIFT with Tactical Athletes

Due to the physical demands of various “tactical athlete” populations (e.g., military, fire service,
etc.), training needs have changed and adapted over time, with a clear “grass-roots” interest in and
demand for improving fitness for job duties, and law enforcement (i.e., combat, fire suppression
and rescue) [37]. For example, there has been a shift to the development and use of both combat
readiness tests in the military and physical agility tests used in the fire service and law enforcement,
which mimic actual job-related tasks rather than traditional fitness tests, which typically include a
run, bodyweight exercises (e.g., sit-ups and push-ups), and a flexibility measure [38]. Concurrently,
various specialized tactical fitness programs for the military, fire service, and law enforcement have
been developed [21,37].

In line with the documented abilities required by combat personnel [39], Batchelor [40] and
Lowman [41] documented the most important physical tasks involved in combat included lifting from
the ground, lifting overhead, pushing, pulling and/or climbing, rotation, jumping and landing,
lunging, marching, running, and changing direction. With these needs in mind, Heinrich and
colleagues [12] compared the effects of a traditional military physical training program [Army Physical
Fitness Readiness Training (APRT)] and a circuit-style HIFT program [MEF] among active duty Army
personnel. Briefly, the APRT is typically carried out 5-days-per-week, and includes exercisses focusing
in mobility, strenght, and endurance, including a warm-up, 50-min of exercise including aerobic and
resistance training, and a cooldown [78,79]. The MEF program includes a total of 15 different exercises
composed of multiple multimodal movements focusing on strength, power, speed, and agility [12],
including Olympic lifts, squats, bench press, and pull-ups, plyometrics, lower body movements (e.g.,
weighted walking lunges), upper body movements (e.g., band bicep curls), and core exercises (e.g.,
plank with feet elevated on a medicine ball) perfomed in a circuit-like format of 60–90 s each per
station, with little or no rest between stations for 45 min. After eight weeks of training, the MEF group
significantly increased their bench press strength (13.2 ± 12.1 versus 2.7 ± 11.5 pounds; p = 0.001),
aerobic capacity resulting in improved 2-mile run time (−89.91 ± 70.23 versus −15.33 ± 69.16 s;
p = 0.003), and flexibility (0.6 ± 1.3 versus −0.5 ± 1.5 inches; p = 0.003) compared to the traditional
APRT group.

However, military personnel, firefighters, and law enforcement officers who train to improve their
operational readiness and fitness are not training solely to improve aerobic or strength parameters [42],
as the physical demands of their jobs involve a broad range of fitness domains necessary to
perform the mission at hand [42]. Effective fitness programming should address all of these critical
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domains [21,37,43,44]. Recently, in their respective reviews, Haddock et al. [37], and Poston and
colleagues [21] described how programs that combine aspects of resistance training with aerobic and
bodyweight exercises have excellent potential to improve both anaerobic and aerobic capacity in a
more time- and volume-efficient manner than traditional military training. This introduces HIFT as
valuable and appropriate training program for military personnel.

Concerns have been raised about the relevance and efficacy of traditional fitness approaches
to improve fitness and produce operational readiness among many military, fire service, and law
enforcement professionals [21,37]. As noted by Haddock et al. [37] and Poston et al. [21] in their
respective reviews, there are four specific concerns with traditional fitness programs for these
populations. First, it seems that traditional fitness programs are heavily focused on improving aerobic
conditioning by emphasizing running medium to long distances, especially for the military. Second,
it does not appear that traditional fitness training and/or training programs that emphasize aerobic
conditioning provide the fitness capacity relevant for the full spectrum of physical demands of combat,
fire suppression and rescue, and law enforcement tasks. Third, traditional fitness training approaches
do not take into account the highly variable and unpredictable physical demands required of tactical
athletes when engaged in operational situations (i.e., running on a treadmill for an hour does not mimic
going into a structure fire while wearing 75 lbs of protective equipment, including a face mask and
oxygen tank; nor does it mimic rucking with a 75 lb field pack in a deployed environment or having to
rescue carry an injured combatant); and fourth, traditional fitness programming, particularly programs
that emphasize high running volumes, result in troubling and high rates of injury [21,37,43,80],
which not only impact the individual, but can also be costly to the entire team.

Haddock and colleagues [37] recently reviewed the application of HIFT approaches to military
personnel and the outcomes associated with programs tested by the Canadian Infantry (Combat Fitness
Program which was based on CrossFit), the US Army Command and General Staff College (CrossFit),
the Naval Health Research Center (Combat Conditioning Trial Program), the United States Air Force
(USAF) Combat Controller training program, and the Mission Essential Fitness program tested in
US Army troops. The potential benefits of these type of HIFT programs, as identified by the authors,
included reduced training volumes and subsequent injury risk, improved fitness across multiple
domains (e.g., strength, power, agility, flexibility, both aerobic and anaerobic capacity, and muscle
endurance), potential for improved adherence due to the variability in programming, use of more
efficient full-body functional movements that may better prepare tactical professionals for real world
applications, which could be termed improved general physical preparedness, and reduced body
fat/improved body composition [37].

Additionally, a few years earlier, O’Hara and colleagues [81] reviewed studies of different HIFT
approaches that they termed “Non-traditional Training Modalities”, including CrossFit, Kettlebell
Training, lower heavy extremity strength training, and agility training with a focus on their potential
to improve physical performance among US Air Force personnel. They concluded that programs
that included heavy leg strength training and agility training improved aerobic fitness and fitness
test scores (e.g., among Air Force personnel, especially among those having trouble meeting US Air
Force fitness requirements); however, further research on these non-traditional training modalities was
warranted [81].

Considering the evidence-based benefits for HIFT programs among military personnel, there is
clearly no reason to believe that the benefits would not be applicable to other tactical occupational
groups that also have significant physical demands, such as firefighters and law enforcement officers.
Several studies have documented the substantial physical and metabolic demands associated with
both firefighting and law enforcement and the fact that multiple fitness domains are important for
successful performance of job tasks [82–89]. Rhea and associates [88] demonstrated tests of strength
(both upper and lower body and grip), muscular endurance, and anaerobic capacity were tests most
strongly associated with simulated firefighting tasks (e.g., hose pull, dummy drag, stair climb, etc.),
while aerobic capacity was not a statistically significant correlate with any of the firefighting tasks.
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Similarly, Michaelides and associates [86,87] reported that muscular endurance, strength, and flexibility
were the best predictors of firefighter job task performance. Beck and colleagues [84] also found that
upper body strength and endurance, lower body power, torso endurance, and agility were significantly
correlated with performance of law enforcement job tasks (e.g., stair ascent and descent, 159 m run,
simulated rescue/arrest, etc.), although they also found aerobic capacity to be a significant correlate.

Over the last decade, several investigators have recommended that tactical professionals engage
in regular fitness training to improve overall health and job performance in order to reducing injury
risks and prevent deaths related to poor fitness [90–95]. Recommended training typically focuses on
multiple fitness domains (e.g., aerobic and anaerobic capacity, strength, power, agility, flexibility, etc.)
in recognition of the variety of tasks in which tactical professionals may have to engage (e.g., sprinting
after a perpetrator, breaching a door, rescuing and carrying a person to safety, carrying a charged fire
hose, etc.). However, intertwining traditional modalities while incorporating functional movements
that mimic tactical job tasks and better mimic real world tactical situations, may require performance
of activities impacting several fitness domains at the same time [91,92,95,96]. As noted previously, this
notion of bringing together these separate training modalities into a combined training approach is
central to the definition of HIFT approaches [21,45]. It is clear that HIFT approaches are applicable
to the fitness needs of law enforcement officers and firefighters, similar to those studied for military
members, and it is likely they would confer health and job performance benefits. Nonetheless, there is
a dearth of well-designed, randomized, longer duration (i.e., four months or longer) general fitness
intervention studies, particularly those focused on HIFT, among these tactical occupational groups.

5.1. Firefighter Fitness Studies

Abel and colleagues [97] evaluated the immediate effects of a circuit training workout on aerobic
and anaerobic metabolic markers in a sample of 20 career firefighters. They also compared the results of
the circuit training workout on the markers with the same outcomes among firefighters who engaged
in simulated firefighting and rescue tasks. They reported that post-workout blood lactate levels
were similar to those previously measured among firefighters engaging in simulated job tasks, thus
concluding that the circuit workout produced a similar anaerobic response to firefighting tasks [92].

Additionally, Roberts et al. [98] and Peterson et al. [99] evaluated the effect of several weeks
of training among firefighters. Roberts et al. [98] conducted a 16-week single group, pre-test,
post-test training program that included periodized resistance, aerobic, and functional training
with 115 firefighter recruits three days per week for one hour sessions, resulting in significant
improvements in aerobic capacity (VO2max), upper body muscle endurance (push-ups), and flexibility.
Peterson et al. [99] conducted a 9-week study comparing two fitness interventions, one using
traditionally periodized resistance training and the other using an undulating/non-linear approach
to programming resistance training among 14 firefighters. Both groups trained three days/week for
1–1.5 h per session. The traditional periodized program resulted in significant improvements in upper
and lower body strength and power output, vertical jump height, and performance on tests simulating
six firefighting and rescue tasks for both programs; however, the undulating program produced greater
improvements in the overall score of the firefighting task performance test [99].

More recently, Pawlak et al. [94] evaluated the impact of two fitness interventions over 12 weeks
in a sample of 20 career firefighters. Firefighters were assigned to either an unguided control
group (no-treatment control) or a supervised and structured (2–3 day/week) scaled circuit training
program that included aerobic, strength, and functional training. At the end of the study, firefighters
in the supervised circuit training program had a significantly greater proportion who completed
simulated firefighting tests. In addition, they experienced significantly greater improvements in
body composition.

Finally, Griffin and colleagues [100] examined the benefits of a three days per week functional
training fitness program for fire service recruits during the academy and probationary periods on
injury reduction in a cohort study of 109 total firefighter recruits. Injuries were ascertained from



Sports 2018, 6, 76 12 of 19

injury surveillance reports and workers compensation claims for firefighter recruits in years prior
to the intervention implementation (2007–2009) and for the year the program was in place (2012).
Recruits exposed to the functional fitness training program experienced significantly lower injury rates
(11% vs. 54%; p = 0.009) and filed fewer workers compensation claims (13 claims totaling US $6679 vs.
55 claims totaling US $95,582; p = 0.028) than recruits who were not exposed to the program.

5.2. Law Enforcement Officer Fitness Studies

Similar to those studies with firefighters, several investigators have examined the role of less
traditional training programs with law enforcement personnel. Crawley and colleagues [101] evaluated
a 16-week multicomponent fitness intervention that included aerobic, plyometric, body weight,
and resistance training three days per week in a single group of 68 police academy recruits. At the
end of the 16-week program, participants demonstrated significant improvements in agility, core
endurance (sit-ups), upper body endurance (push-ups), lower body peak power, and aerobic capacity
(800m shuttle run test) when compared to baseline testing.

Additionally, Cocke and associates [102] compared a traditional periodized fitness conditioning
program with one that randomly assigned workouts, incorporating both strength and endurance
exercises that were spontaneously selected the day of the workout, for 61 male police academy cadets.
Workouts were five days per week for approximately 60 min per session over a six-month period.
Although it was not clear how the cadets were randomly assigned to each condition, the investigators
reported that compared to those in the traditional periodized training program, those in the randomly
selected training group had significantly greater improvements on the vertical jump test, peak power
output estimated by the vertical jump, and anaerobic capacity, as measured by 300m sprint time [102].
With respect to within-group changes, those in the randomized fitness program experienced significant
changes over time in all 10 fitness test domains, including improvements in body composition, while
the traditional training group only experienced significant changes over time in three tests (push-ups,
sit-ups, and 300 m sprint time) [102].

Given that HIFT focuses on producing fitness across a broad range of domains, incorporates
training with movements and apparatus typically used by tactical athletes in the field, and can
have lower training volumes that traditional fitness approaches, it has been suggested that HIFT
programming may be more suitable for tactical athletes who wish to develop fitness across a variety of
domains that are critical to meeting the physical demands of their unique occupations [21]. In other
words, while being “fit” in aerobic, muscle endurance, and flexibility domains, as typically viewed by
traditional fitness programming, is important for overall health, wellness, and longevity of tactical
athletes to also receive training in additional fitness domains as those provided by HIFT, to be
successful. Their fitness levels must provide operational readiness and meet the rigorous physical
demands of their jobs, which are substantially more than most individuals in the general public. Thus,
it is suggested that fitness approaches that may be adequate for the general public are not substantive
enough for tactical athletes [37].

6. Safety

Although it is important to point out that HIFT programing is not injury free, recent studies have
provided insight into the prevalence and incidence of injury associated with these training programs.
Overall, injury rates are similar, and often even lower, than those typically reported for running or other
fitness activities associated with both military physical training or fitness programming commonly
endorsed for use by tactical athletes. For example, Poston et al. [21] examined the available literature
reporting injury incidence rates (number of injuries per 1000 h of training) and found the range in
injuries related to HIFT programs were between 0.0–3.9 injuries/1000 h of training, which was lower
than those reported for running (10.0 injuries/1000 h of running) [103] and several other activities
such as soccer (7.8 injuries/1000 h of training) [104]. Moreover, these rates of injury were lower than
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the average incidence of injury among Zumba® instructors (5.7 injuries/1000 h) as recently reported
by Domene and colleagues [105].

Most recently, amid some controversy [106,107] several new investigations have examined the
incidence of injury among individuals engaging in HIFT-based programming, such as CrossFit training.
Although methods varied across studies, e.g., one was a 12-week prospective study (2.1 injuries/1000 h
of training; [108]) and two were retrospective studies where participants reported injuries that occurred
in the previous six months (2.3 and 1.9 injuries/1000 h of training; [109,110], injury incidence rates were
consistent with those previously published and summarized by Poston et al. [21]. These findings have
led other independent reviewers to conclude that the risk of injury for HIFT participants, especially
those using CrossFit training as the main methodology, were comparable or lower than rates for other
recreational or physical training approaches [111,112]. In fact, it was noted by Jones and colleague [80]
that the best methods for reducing injury risk among military personnel were to reduce overall
running volumes, substitute cross-training activities for running, and conduct running groups scaled
to individual ability.

7. Conclusions

Traditional exercise training programs have helped improve major components of health-related
fitness (i.e., aerobic capacity, body composition, strength, etc.). However, considering the number of
individuals currently not meeting the physical activity guidelines, it seems that these programs have
a lack of appeal, and may not completely address fitness needs. Over the last few years, HIIT has
gained significant momentum as a new training modality that seems to provide similar benefits than
more traditional training programs, with a lower time commitment. This reduction of time, along
with significant improvement in overall fitness, have resulted in HIIT gaining popularity over the
last five-years.

More recently, a new method to achieve fitness has emerged that encompasses the intensity of
HIIT programs, while incorporating functional movements that are easily reproducible, often with very
little equipment. Although this type of training has been in practice for several years, limited research
exists to demonstrate its effectiveness, amid its popularity. As a result, and with a goal to provide a
clear definition of what should be considered a HIFT program, we have provided a working definition
based on what other investigators have described in their studies—a training style [or program] that
incorporates functional, multimodal movements, performed at relatively high intensity, and designed to improve
parameters of general physical fitness and performance.

To better understand this training style, we have provided a historical perspective of HIFT
programs over time, and a rational regarding why they were originally designed, and how they are
different than more traditional HIIT programs, even though they share the high-intensity component.
Moreover, we included their application among those in the general population, as well as among
tactical athletes. As such, and in contrast with several other investigators who have used the term
“extreme conditioning programs” to describe this type of training modality [113–115], we believe
the use of the term we propose herein—high-intensity functional training—is most appropriate and
should be considered for future studies investigating this style of training.

Considering the growing focus on functional exercises, as well as the public’s interest in these
type of training programs, it is important for investigators to examine and compare the effectiveness,
safety, and long-term effects of these programs, as they have potential for significant public health
impact. At this time, and based on current available evidence, several gaps in the literature exist.
For example, further studies are needed that (1) compare HIIT and HIFT protocols (cross-sectionally
and longitudinally) to determine differences between the two training modalities; (2) examine
physiological responses to different HIFT workouts, as well as potential sex and age-group differences
that may results from these training programs; (3) include populations with chronic disease (e.g.,
obesity, diabetes, heart disease, etc.), which may significantly benefit from some of the observed
physiological changes reported in the literature; (4) examine the ability of HIFT programs for combat
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readiness preparation, compared to traditional military training programs; as well as (5) assess
differences between individuals who initiate and continue HIFT participation and those who do not.

Even though the appeal of this training modality has increased over the last decade, many
questions still remain unanswered and require further study. It is our hope that the evidence provided
herein grants other researchers valuable insight into these programs, and our definition is used in
future publications to evaluate more effectively the true reach and impact of this type of training over
the years to come.
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23. Bas, tuğ, G.; Özcan, R.; Gültekin, D.; Günay, Ö. The effects of cross-fit, pilates and zumba exercise on body
composition and body image of women. Int. J. Sports Exerc. Train. Sci. 2016, 2, 22–29. [CrossRef]

24. Barfield, J.; Channell, B.; Pugh, C.; Tuck, M.; Pendel, D. Format of basic instruction program resistance
training classes: Effect on fitness change in college students. Phys. Educ. 2012, 69, 325–341.

25. De Sousa, A.F.; dos Santos, G.B.; dos Reis, T.; Valerino, A.J.; Del Rosso, S.; Boullosa, D.A. Differences in
physical fitness between recreational CrossFit® and resistance trained individuals. J. Exer. Physiol. Online
2016, 19, 112–122.

26. Paine, J.; Uptgraft, J.; Wylie, R. Crossfit Study, May 2010; Command and General Staff College:
Fort Leavenworth, KS, USA, 2010.

27. Buckley, S.; Knapp, K.; Lackie, A.; Lewry, C.; Horvey, K.; Benko, C.; Trinh, J.; Butcher, S. Multimodal
high-intensity interval training increases muscle function and metabolic performance in females.
Appl. Physiol. Nutr. Metab. 2015, 40, 1157–1162. [CrossRef] [PubMed]

28. McRae, G.; Payne, A.; Zelt, J.G.; Scribbans, T.D.; Jung, M.E.; Little, J.P.; Gurd, B.J. Extremely low volume,
whole-body aerobic-resistance training improves aerobic fitness and muscular endurance in females.
Appl. Physiol. Nutr. Metab. 2012, 37, 1124–1131. [CrossRef] [PubMed]

29. Cochran, A.J.; Percival, M.E.; Tricarico, S.; Little, J.P.; Cermak, N.; Gillen, J.B.; Tarnopolsky, M.A.; Gibala, M.J.
Intermittent and continuous high-intensity exercise training induce similar acute but different chronic muscle
adaptations. Exp. Physiol. 2014, 99, 782–791. [CrossRef] [PubMed]

30. Burgomaster, K.A.; Howarth, K.R.; Phillips, S.M.; Rakobowchuk, M.; Macdonald, M.J.; McGee, S.L.;
Gibala, M.J. Similar metabolic adaptations during exercise after low volume sprint interval and traditional
endurance training in humans. J. Physiol. 2008, 586, 151–160. [CrossRef] [PubMed]

31. Gibala, M.J.; Little, J.P.; van Essen, M.; Wilkin, G.P.; Burgomaster, K.A.; Safdar, A.; Raha, S.; Tarnopolsky, M.A.
Short-term sprint interval versus traditional endurance training: Similar initial adaptations in human skeletal
muscle and exercise performance. J. Physiol. 2006, 575, 901–911. [CrossRef] [PubMed]

32. Butcher, S.J.; Neyedly, T.J.; Horvey, K.J.; Benko, C.R. Do physiological measures predict selected CrossFit
benchmark performance? Open Access J. Sports Med. 2015, 6, 241–247. [CrossRef] [PubMed]

http://www.ncbi.nlm.nih.gov/pubmed/26769830
http://dx.doi.org/10.1186/1471-2458-14-789
http://www.ncbi.nlm.nih.gov/pubmed/25086646
http://dx.doi.org/10.1371/journal.pone.0198324
http://www.ncbi.nlm.nih.gov/pubmed/29906290
http://dx.doi.org/10.23736/S0022-4707.16.06434-3
http://dx.doi.org/10.14485/HBPR.4.6.4
http://dx.doi.org/10.1097/FCH.0000000000000133
http://www.ncbi.nlm.nih.gov/pubmed/27870750
http://dx.doi.org/10.7205/MILMED-D-15-00273
http://www.ncbi.nlm.nih.gov/pubmed/27391615
http://dx.doi.org/10.1519/JSC.0b013e31816a588f
http://www.ncbi.nlm.nih.gov/pubmed/18438256
http://dx.doi.org/10.18826/ijsets.25037
http://dx.doi.org/10.1139/apnm-2015-0238
http://www.ncbi.nlm.nih.gov/pubmed/26513008
http://dx.doi.org/10.1139/h2012-093
http://www.ncbi.nlm.nih.gov/pubmed/22994393
http://dx.doi.org/10.1113/expphysiol.2013.077453
http://www.ncbi.nlm.nih.gov/pubmed/24532598
http://dx.doi.org/10.1113/jphysiol.2007.142109
http://www.ncbi.nlm.nih.gov/pubmed/17991697
http://dx.doi.org/10.1113/jphysiol.2006.112094
http://www.ncbi.nlm.nih.gov/pubmed/16825308
http://dx.doi.org/10.2147/OAJSM.S88265
http://www.ncbi.nlm.nih.gov/pubmed/26261428


Sports 2018, 6, 76 16 of 19

33. Garber, C.E.; Blissmer, B.; Deschenes, M.R.; Franklin, B.A.; Lamonte, M.J.; Lee, I.M.; Nieman, D.C.; Swain, D.P.;
American College of Sports Medcine. American college of sports medicine position stand. Quantity and
quality of exercise for developing and maintaining cardiorespiratory, musculoskeletal, and neuromotor
fitness in apparently healthy adults: Guidance for prescribing exercise. Med. Sci. Sports Exerc. 2011, 43,
1334–1359. [PubMed]

34. Sperlich, B.; Wallmann-Sperlich, B.; Zinner, C.; Von Stauffenberg, V.; Losert, H.; Holmberg, H.C. Functional
high-intensity circuit training improves body composition, peak oxygen uptake, strength, and alters certain
dimensions of quality of life in overweight women. Front. Physiol. 2017, 8, 172–181. [CrossRef] [PubMed]

35. Kliszczewicz, B.; John, Q.C.; Daniel, B.L.; Gretchen, O.D.; Michael, E.R.; Kyle, T.J. Acute exercise and
oxidative stress: Crossfit™ vs. Treadmill bout. J. Hum. Kinet. 2015, 47, 81–90. [CrossRef] [PubMed]

36. Kliszczewicz, B.; Buresh, R.; Bechke, E.; Williamson, C. Metabolic biomarkers following a short and long
bout of high-intensity functional training in recreationally trained men. J. Hum. Sport Exerc. 2017, 12, 710–718.
[CrossRef]

37. Haddock, C.K.; Poston, W.S.; Heinrich, K.M.; Jahnke, S.A.; Jitnarin, N. The benefits of high-intensity
functional training fitness programs for military personnel. Mil. Med. 2016, 181, e1508–e1514. [CrossRef]
[PubMed]

38. American College of Sports Medicine. Acsm’s Guidelines for Exercise Testing and Prescription, 10th ed.;
Lippincott Williams & Wilkins: Philadelphia, PA, USA, 2017.

39. Department of War. FM 21–20, Physical Fitness; Government Printing Office: Washington, DC, USA, 1946.
40. Batchelor, J.E. The Applicability of the Army Physical Fitness Test in the Contemporary Operating Environment;

U.S. Army Command and General Staff College: Fort Leavenworth, KS, USA, 2008.
41. Lowman, C.T. Does Current Army Physical Fitness Training Doctrine Adequately Prepare Soldiers for War?

U.S. Army Command and General Staff College: Fort Leavenworth, KS, USA, 2010.
42. Roy, T.C.; Springer, B.A.; McNulty, V.; Butler, N.L. Physical fitness. Mil. Med. 2010, 175, 14–20. [CrossRef]
43. Showman, N.; Henson, P. Us army physical readiness training protocols. Mil. Rev. 2014, 94, 12.
44. Withrow, K. Army Physical (Un)fitness: A System that Promotes Injury and Poor Nutrition. Army Times.

Available online: https://www.armytimes.com/2016/08/19/army-physical-un-fitness-a-system-that-
promotes-injury-and-poor-nutrition/ (accessed on 2 August 2017).

45. Hodzovic, E. High-Intensity Functional Training = Efficient Exercise. Available online: https://
www.strengthandconditioningresearch.com/perspectives/high-intensity-functional-training/ (accessed on
19 July 2017).

46. Centers for Disease Control Prevention. Adult participation in aerobic and muscle-strengthening physical
activities—United States, 2011. MMWR Morb. Mortal. Wkly. Rep. 2013, 62, 326–330.

47. Marcus, B.H.; Williams, D.M.; Dubbert, P.M.; Sallis, J.F.; King, A.C.; Yancey, A.K.; Franklin, B.A.; Buchner, D.;
Daniels, S.R.; Claytor, R.P. Physical activity intervention studies: What we know and what we need to
know: A scientific statement from the American heart association council on nutrition, physical activity,
and metabolism (subcommittee on physical activity); council on cardiovascular disease in the young; and the
interdisciplinary working group on quality of care and outcomes research. Circulation 2006, 114, 2739–2752.
[PubMed]

48. Perri, M.G.; Anton, S.D.; Durning, P.E.; Ketterson, T.U.; Sydeman, S.J.; Berlant, N.E.; Kanasky, W.F.;
Newton, R.L.; Limacher, M.C.; Martin, A.D. Adherence to exercise prescriptions: Effects of prescribing
moderate versus higher levels of intensity and frequency. Health Psychol. 2002, 21, 452. [CrossRef] [PubMed]

49. Anton, S.D.; Perri, M.G.; Riley, J., III; Kanasky, W.F., Jr.; Rodrigue, J.R.; Sears, S.F.; Martin, A.D. Differential
predictors of adherence in exercise programs with moderate versus higher levels of intensity and frequency.
J. Sport Exerc. Psychol. 2005, 27, 171–187. [CrossRef]

50. Sylvester, B.D.; Curran, T.; Standage, M.; Sabiston, C.M.; Beauchamp, M.R. Predicting exercise motivation
and exercise behavior: A moderated mediation model testing the interaction between perceived exercise
variety and basic psychological needs satisfaction. Psychol. Sport Exerc. 2018, 36, 50–56. [CrossRef]

51. Ryan, R.M.; Deci, E.L. Self-determination theory and the facilitation of intrinsic motivation, social
development, and well-being. Am. Psychol. 2000, 55, 68. [CrossRef] [PubMed]

52. Teixeira, P.J.; Carraca, E.V.; Markland, D.; Silva, M.N.; Ryan, R.M. Exercise, physical activity,
and self-determination theory: A systematic review. Int. J. Behav. Nutr. Phys. Act. 2012, 9, 78. [CrossRef]
[PubMed]

http://www.ncbi.nlm.nih.gov/pubmed/21694556
http://dx.doi.org/10.3389/fphys.2017.00172
http://www.ncbi.nlm.nih.gov/pubmed/28420999
http://dx.doi.org/10.1515/hukin-2015-0064
http://www.ncbi.nlm.nih.gov/pubmed/26557192
http://dx.doi.org/10.14198/jhse.2017.123.15
http://dx.doi.org/10.7205/MILMED-D-15-00503
http://www.ncbi.nlm.nih.gov/pubmed/27849484
http://dx.doi.org/10.7205/MILMED-D-10-00058
https://www.armytimes.com/2016/08/19/army-physical-un-fitness-a-system-that-promotes-injury-and-poor-nutrition/
https://www.armytimes.com/2016/08/19/army-physical-un-fitness-a-system-that-promotes-injury-and-poor-nutrition/
https://www.strengthandconditioningresearch.com/perspectives/high-intensity-functional-training/
https://www.strengthandconditioningresearch.com/perspectives/high-intensity-functional-training/
http://www.ncbi.nlm.nih.gov/pubmed/17145995
http://dx.doi.org/10.1037/0278-6133.21.5.452
http://www.ncbi.nlm.nih.gov/pubmed/12211512
http://dx.doi.org/10.1123/jsep.27.2.171
http://dx.doi.org/10.1016/j.psychsport.2018.01.004
http://dx.doi.org/10.1037/0003-066X.55.1.68
http://www.ncbi.nlm.nih.gov/pubmed/11392867
http://dx.doi.org/10.1186/1479-5868-9-78
http://www.ncbi.nlm.nih.gov/pubmed/22726453


Sports 2018, 6, 76 17 of 19

53. Nielsen, G.; Wikman, J.M.; Jensen, C.J.; Schmidt, J.F.; Gliemann, L.; Andersen, T.R. Health promotion: The
impact of beliefs of health benefits, social relations and enjoyment on exercise continuation. Scand. J. Med.
Sci. Sports 2014, 24 (Suppl. 1), 66–75. [CrossRef]

54. Cadmus-Bertram, L.; Irwin, M.; Alfano, C.; Campbell, K.; Duggan, C.; Foster-Schubert, K.; Wang, C.Y.;
McTiernan, A. Predicting adherence of adults to a 12-month exercise intervention. J. Phys. Act. Health 2014,
11, 1304–1312. [CrossRef] [PubMed]

55. Köteles, F.; Kollsete, M.; Kollsete, H. Psychological concomitants of CrossFit training: Does more exercise
really make your everyday psychological functioning better? Kineziologija 2016, 48, 39–48.

56. Sibley, B.A.; Bergman, S.M. What keeps athletes in the gym? Goals, psychological needs, and motivation of
CrossFit™ participants. Int. J. Sport Exerc. Psychol. 2017, 1–20. [CrossRef]

57. Davies, M.J.; Coleman, L.; Stellino, M.B. The relationship between basic psychological need satisfaction,
behavioral regulation, and participation in CrossFit. J. Sport Behav. 2016, 39, 239.

58. Partridge, J.A.; Knapp, B.A.; Massengale, B.D. An investigation of motivational variables in CrossFit facilities.
J. Strength Cond. Res. 2014, 28, 1714–1721. [CrossRef] [PubMed]

59. McKenzie, S. Getting Physical: The Rise of Fitness Culture in America; University Press of Kansas Lawrence:
Lawrence, KS, USA, 2013.

60. Dawson, M.C. CrossFit fitness cult or reinventive institution? Int. Rev. Sociol. Sport 2015. [CrossRef]
61. Whiteman-Sandland, J.; Hawkins, J.; Clayton, D. The role of social capital and community belongingness

for exercise adherence: An exploratory study of the CrossFit gym model. J. Health Psychol. 2016. [CrossRef]
[PubMed]

62. Markula-Denison, P.; Pringle, R. Foucault, Sport and Exercise: Power, Knowledge and Transforming the Self ;
Routledge: New York, NY, USA, 2006.

63. Schuller, T.; Baron, S.; Field, J. Social capital: A review and critique. In Social Capital: Critical Perspectives;
Baron, S., Field, J., Schuller, T., Eds.; Oxford University Press: New York, NY, USA, 2000; pp. 1–38.

64. Sigelman, C.K.; Rider, E.A. Life-Span Human Development; Cengage Learning: Boston, MA, USA, 2014.
65. Heywood, L. The CrossFit sensorium: Visuality, affect and immersive sport. Paragraph 2015, 38, 20–36.

[CrossRef]
66. Lichtenstein, M.B.; Jensen, T.T. Exercise addiction in CrossFit: Prevalence and psychometric properties of the

exercise addiction inventory. Addict. Behav. Rep. 2016, 3, 33–37. [CrossRef] [PubMed]
67. Washington, M.S.; Economides, M. Strong is the new sexy: Women, CrossFit, and the postfeminist ideal.

J. Sport Soc. Issues 2016, 40, 143–161. [CrossRef]
68. Kohrt, W.; Bloomfield, S.; Little, K.; Nelson, M.; Yingling, V. Physical activity and bone health. Position stand

of the american college of sports medicine. Med. Sci. Sports Exerc. 2004, 36, 1985–1996. [CrossRef] [PubMed]
69. Nieuwoudt, S.; Fealy, C.E.; Foucher, J.A.; Scelsi, A.R.; Malin, S.K.; Pagadala, M.; Rocco, M.; Burguera, B.;

Kirwan, J.P. Functional high-intensity training improves pancreatic beta-cell function in adults with type 2
diabetes. Am. J. Physiol. Endocrinol. Metab. 2017, 313, E314–E320. [CrossRef] [PubMed]

70. Fealy, C.E.; Nieuwoudt, S.; Foucher, J.A.; Scelsi, A.R.; Malin, S.K.; Pagadala, M.; Cruz, L.A.; Li, M.;
Rocco, M.; Burguera, B.; et al. Functional high intensity exercise training ameliorates insulin resistance and
cardiometabolic risk factors in type 2 diabetes. Exp. Physiol. 2018. [CrossRef] [PubMed]

71. Grundy, S.M.; Cleeman, J.I.; Daniels, S.R.; Donato, K.A.; Eckel, R.H.; Franklin, B.A.; Gordon, D.J.;
Krauss, R.M.; Savage, P.J.; Smith, S.C., Jr.; et al. Diagnosis and management of the metabolic syndrome:
An american heart association/national heart, lung, and blood institute scientific statement. Circulation 2005,
112, 2735–2752. [CrossRef] [PubMed]

72. Waryasz, G.R.; Suric, V.; Daniels, A.H.; Gil, J.A.; Eberson, C.P. Crossfit® instructor demographics and practice
trends. Orthop. Rev. 2016, 8, 6571. [CrossRef] [PubMed]

73. Maxwell, C.; Ruth, K.; Friesen, C. Sports nutrition knowledge, perceptions, resources, and advice given by
certified CrossFit trainers. Sports 2017, 5, 21. [CrossRef] [PubMed]

74. Mullins, N. CrossFit: Remember what you have learned; apply what you know. J. Exerc. Physiol. Online 2015,
18, 32–44.

75. Achauer, H. Top Five Hydration Myths Busted. Available online: https://journal.CrossFit.com/article/top-
five-hydration-myths-busted-2 (accessed on 3 January 2018).

76. Cecil, A.M. Nutrition: Real Science Stands against Industry Myths. Available online: https://journal.
CrossFit.com/article/conference-cecil-2 (accessed on 3 January 2018).

http://dx.doi.org/10.1111/sms.12275
http://dx.doi.org/10.1123/jpah.2012-0258
http://www.ncbi.nlm.nih.gov/pubmed/24176780
http://dx.doi.org/10.1080/1612197X.2017.1280835
http://dx.doi.org/10.1519/JSC.0000000000000288
http://www.ncbi.nlm.nih.gov/pubmed/24149755
http://dx.doi.org/10.1177/1012690215591793
http://dx.doi.org/10.1177/1359105316664132
http://www.ncbi.nlm.nih.gov/pubmed/27553606
http://dx.doi.org/10.3366/para.2015.0144
http://dx.doi.org/10.1016/j.abrep.2016.02.002
http://www.ncbi.nlm.nih.gov/pubmed/29531997
http://dx.doi.org/10.1177/0193723515615181
http://dx.doi.org/10.1249/01.MSS.0000142662.21767.58
http://www.ncbi.nlm.nih.gov/pubmed/15514517
http://dx.doi.org/10.1152/ajpendo.00407.2016
http://www.ncbi.nlm.nih.gov/pubmed/28512155
http://dx.doi.org/10.1113/EP086844
http://www.ncbi.nlm.nih.gov/pubmed/29766601
http://dx.doi.org/10.1161/CIRCULATIONAHA.105.169404
http://www.ncbi.nlm.nih.gov/pubmed/16157765
http://dx.doi.org/10.4081/or.2016.6571
http://www.ncbi.nlm.nih.gov/pubmed/27994826
http://dx.doi.org/10.3390/sports5020021
http://www.ncbi.nlm.nih.gov/pubmed/29910381
https://journal.CrossFit.com/article/top-five-hydration-myths-busted-2
https://journal.CrossFit.com/article/top-five-hydration-myths-busted-2
https://journal.CrossFit.com/article/conference-cecil-2
https://journal.CrossFit.com/article/conference-cecil-2


Sports 2018, 6, 76 18 of 19

77. Sibley, B.A. Using sport education to implement a CrossFit unit. J. Phys. Educ. Recreat. Dance 2012, 83, 42–48.
[CrossRef]

78. Kraemer, W.J.; Vescovi, J.D.; Volek, J.S.; Nindl, B.C.; Newton, R.U.; Patton, J.F.; Dziados, J.E.; French, D.N.;
Häkkinen, K. Effects of concurrent resistance and aerobic training on load-bearing performance and the
army physical fitness test. Mil. Med. 2004, 169, 994–999. [CrossRef] [PubMed]

79. Kraemer, W.J.; Vogel, J.A.; Patton, J.F.; Dziados, J.E.; Reynolds, K.L. The Effects of Various Physical Training
Programs on Short Duration, High Intensity Load Bearing Performance and the Army Physical Fitness Test
(No. Usariem-30/87); ARMY Research Institute of Environmental Medicine: Natick, MA, USA, 1987.

80. Jones, B.H.; Hauschild, V.D. Physical training, fitness, and injuries: Lessons learned from military studies.
J. Strength Cond. Res. 2015, 29 (Suppl. 11), S57–S64. [CrossRef]

81. O’Hara, R.B.; Serres, J.; Traver, K.L.; Wright, B.; Vojta, C.; Eveland, E. The influence of nontraditional training
modalities on physical performance: Review of the literature. Aviat. Space Environ.Med. 2012, 83, 985–990.
[CrossRef] [PubMed]

82. Adams, J.; Schneider, J.; Hubbard, M.; McCullough-Shock, T.; Cheng, D.; Simms, K.; Hartman, J.; Hinton, P.;
Strauss, D. Measurement of functional capacity requirements of police officers to aid in development of an
occupation-specific cardiac rehabilitation training program. In Baylor University Medical Center Proceedings;
Taylor & Francis: Boca Raton, FL, USA, 2010; pp. 7–10.

83. Anderson, G.S.; Plecas, D.; Segger, T. Police officer physical ability testing–re-validating a selection criterion.
Polic. Int. J. Police Strateg. Manag. 2001, 24, 8–31. [CrossRef]

84. Beck, A.Q. Relationship between Physical Fitness Measures and Occupational Physical Ability in University
Law Enforcement Officers. Master’s Thesis, University of Kentucky, Lexington, KY, USA, 2012.

85. Elsner, K.L.; Kolkhorst, F.W. Metabolic demands of simulated firefighting tasks. Ergonomics 2008, 51,
1418–1425. [CrossRef] [PubMed]

86. Michaelides, M.A.; Parpa, K.M.; Thompson, J.; Brown, B. Predicting performance on a firefghter’s ability test
from fitness parameters. Res. Q. Exerc. Sport 2008, 79, 468–475. [CrossRef] [PubMed]

87. Michaelides, M.A.; Parpa, K.M.; Henry, L.J.; Thompson, G.B.; Brown, B.S. Assessment of physical fitness
aspects and their relationship to firefighters’ job abilities. J. Strength Cond. Res. 2011, 25, 956–965. [CrossRef]
[PubMed]

88. Rhea, M.R.; Alvar, B.A.; Gray, R. Physical fitness and job performance of firefighters. J. Strength Cond. Res.
Res. J. NSCA 2004, 18, 348–352.

89. Sheaff, A.K.; Bennett, A.; Hanson, E.D.; Kim, Y.-S.; Hsu, J.; Shim, J.K.; Edwards, S.T.; Hurley, B.F. Physiological
determinants of the candidate physical ability test in firefighters. J. Strength Cond. Res. 2010, 24, 3112–3122.
[CrossRef] [PubMed]

90. Abel, M. Concerns and benefits of on-duty exercise training for firefighters. NSCA TSCA Report, 2012,
Volume 23, pp. 1–4.

91. Abel, M.G.; Palmer, T.G.; Trubee, N. Exercise program design for structural firefighters. Strength Cond. J.
2015, 37, 8–19. [CrossRef]

92. Abel, M.G.; Sell, K.; Dennison, K. Design and implementation of fitness programs for firefighters.
Strength Cond. J. 2011, 33, 31–42. [CrossRef]

93. Durand, G.; Tsismenakis, A.J.; Jahnke, S.A.; Baur, D.M.; Christophi, C.A.; Kales, S.N. Firefighters’ physical
activity: Relation to fitness and cardiovascular disease risk. Med. Sci. Sports Exerc. 2011, 43, 1752–1759.
[CrossRef] [PubMed]

94. Pawlak, R.; Clasey, J.L.; Palmer, T.; Symons, T.B.; Abel, M.G. The effect of a novel tactical training program
on physical fitness and occupational performance in firefighters. J. Strength Cond. Res. 2015, 29, 578–588.
[CrossRef] [PubMed]

95. Smith, D.L. Firefighter fitness: Improving performance and preventing injuries and fatalities. Curr. Sports
Med. Rep. 2011, 10, 167–172. [CrossRef] [PubMed]

96. Leahy, G. Concurrent Training: Is There an “Interference Effect” on Tactical Performance. NSCA TSAC Report,
2012, Volume 23, pp. 9–11.

97. Abel, M.G.; Mortara, A.J.; Pettitt, R.W. Evaluation of circuit-training intensity for firefighters. J. Strength
Cond. Res. 2011, 25, 2895–2901. [CrossRef] [PubMed]

98. Roberts, M.A.; O’dea, J.; Boyce, A.; Mannix, E.T. Fitness levels of firefighter recruits before and after a
supervised exercise training program. J. Strength Cond. Res. 2002, 16, 271–277. [PubMed]

http://dx.doi.org/10.1080/07303084.2012.10598829
http://dx.doi.org/10.7205/MILMED.169.12.994
http://www.ncbi.nlm.nih.gov/pubmed/15646194
http://dx.doi.org/10.1519/JSC.0000000000001115
http://dx.doi.org/10.3357/ASEM.3376.2012
http://www.ncbi.nlm.nih.gov/pubmed/23066621
http://dx.doi.org/10.1108/13639510110382232
http://dx.doi.org/10.1080/00140130802120259
http://www.ncbi.nlm.nih.gov/pubmed/18802822
http://dx.doi.org/10.1080/02701367.2008.10599513
http://www.ncbi.nlm.nih.gov/pubmed/19177948
http://dx.doi.org/10.1519/JSC.0b013e3181cc23ea
http://www.ncbi.nlm.nih.gov/pubmed/20703167
http://dx.doi.org/10.1519/JSC.0b013e3181f0a8d5
http://www.ncbi.nlm.nih.gov/pubmed/20938354
http://dx.doi.org/10.1519/SSC.0000000000000123
http://dx.doi.org/10.1519/SSC.0b013e318212f412
http://dx.doi.org/10.1249/MSS.0b013e318215cf25
http://www.ncbi.nlm.nih.gov/pubmed/21364484
http://dx.doi.org/10.1519/JSC.0000000000000663
http://www.ncbi.nlm.nih.gov/pubmed/25162645
http://dx.doi.org/10.1249/JSR.0b013e31821a9fec
http://www.ncbi.nlm.nih.gov/pubmed/21623308
http://dx.doi.org/10.1519/JSC.0b013e31820da00c
http://www.ncbi.nlm.nih.gov/pubmed/21873900
http://www.ncbi.nlm.nih.gov/pubmed/11991781


Sports 2018, 6, 76 19 of 19

99. Peterson, M.D.; Dodd, D.J.; Alvar, B.A.; Rhea, M.R.; Favre, M. Undulation training for development of
hierarchical fitness and improved firefighter job performance. J. Strength Cond. Res. 2008, 22, 1683–1695.
[CrossRef] [PubMed]

100. Griffin, S.C.; Regan, T.L.; Harber, P.; Lutz, E.A.; Hu, C.; Peate, W.F.; Burgess, J.L. Evaluation of a fitness
intervention for new firefighters: Injury reduction and economic benefits. Inj. Prev. 2016, 22, 181–188.
[CrossRef] [PubMed]

101. Crawley, A.A.; Sherman, R.A.; Crawley, W.R.; Cosio-Lima, L.M. Physical fitness of police academy cadets:
Baseline characteristics and changes during a 16-week academy. J. Strength Cond. Res. 2016, 30, 1416–1424.
[CrossRef] [PubMed]

102. Cocke, C.; Dawes, J.; Orr, R.M. The use of 2 conditioning programs and the fitness characteristics of police
academy cadets. J. Athl. Train. 2016, 51, 887–896. [CrossRef] [PubMed]

103. Junior, L.C.H.; Costa, L.O.P.; Lopes, A.D. Previous injuries and some training characteristics predict
running-related injuries in recreational runners: A prospective cohort study. J. Physiother. 2013, 59, 263–269.
[CrossRef]

104. Parkkari, J.; Kannus, P.; Natri, A.; Lapinleimu, I.; Palvanen, M.; Heiskanen, M.; Vuori, I.; Jarvinen, M. Active
living and injury risk. Int. J. Sports Med. 2004, 25, 209–216. [PubMed]

105. Domene, P.A.; Clarke, N.D.; Delextrat, A.A.; Easton, C. Injury surveillance of female adult zumba® dancers.
J. Sports Med. Phys. Fit. 2017, 57, 1642–1649. [CrossRef]

106. Han, A.P. Journal Retracts Ohio State CrossFit Study at Center of Lawsuits. Available online: http://
retractionwatch.com/2017/06/02/journal-retracts-ohio-state-CrossFit-study-center-lawsuits/ (accessed on
6 October 2017).

107. Han, A.P. Researcher Who Tangled with CrossFit Loses Two More Papers. Available online: http://
retractionwatch.com/2017/06/30/researcher-tangled-CrossFit-loses-two-papers/#more-50890 (accessed on
6 October 2017).

108. Moran, S.; Booker, H.; Staines, J.; Williams, S. Rates and risk factors of injury in CrossFit: A prospective
cohort study. J. Sports Med. Phys. Fit. 2017, 57, 1147–1153.

109. Montalvo, A.M.; Shaefer, H.; Rodriguez, B.; Li, T.; Epnere, K.; Myer, G.D. Retrospective injury epidemiology
and risk factors for injury in CrossFit. J. Sports Sci. Med. 2017, 16, 53–59. [PubMed]

110. Summitt, R.J.; Cotton, R.A.; Kays, A.C.; Slaven, E.J. Shoulder injuries in individuals who participate in
CrossFit training. Sports Health 2016, 8, 541–546. [CrossRef] [PubMed]

111. Klimek, C.; Ashbeck, C.; Brook, A.J.; Durall, C. Are injuries more common with CrossFit training than other
forms of exercise? J. Sport Rehabil. 2018, 27, 295–299. [CrossRef] [PubMed]

112. Meyer, J.; Morrison, J.; Zuniga, J. The benefits and risks of CrossFit: A systematic review. Workplace Health Saf.
2017, 65, 612–618. [CrossRef] [PubMed]

113. Bergeron, M.F.; Nindl, B.C.; Deuster, P.A.; Baumgartner, N.; Kane, S.F.; Kraemer, W.J.; Sexauer, L.R.;
Thompson, W.R.; O’Connor, F.G. Consortium for health and military performance and american college
of sports medicine consensus paper on extreme conditioning programs in military personnel. Curr. Sports
Med. Rep. 2011, 10, 383–389. [CrossRef] [PubMed]

114. Grier, T.; Canham-Chervak, M.; McNulty, V.; Jones, B.H. Extreme conditioning programs and injury risk in a
US army brigade combat team. US Army Med. Dep. J. 2013, 4, 36–47.

115. Knapik, J.J. Extreme conditioning programs: Potential benefits and potential risks. J. Spec. Oper. Med. 2015,
15, 108–113. [PubMed]

© 2018 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1519/JSC.0b013e31818215f4
http://www.ncbi.nlm.nih.gov/pubmed/18714214
http://dx.doi.org/10.1136/injuryprev-2015-041785
http://www.ncbi.nlm.nih.gov/pubmed/26559144
http://dx.doi.org/10.1519/JSC.0000000000001229
http://www.ncbi.nlm.nih.gov/pubmed/26466133
http://dx.doi.org/10.4085/1062-6050-51.8.06
http://www.ncbi.nlm.nih.gov/pubmed/27863188
http://dx.doi.org/10.1016/S1836-9553(13)70203-0
http://www.ncbi.nlm.nih.gov/pubmed/15088246
http://dx.doi.org/10.1249/01.mss.0000487595.97663.d7
http://retractionwatch.com/2017/06/02/journal-retracts-ohio-state-CrossFit-study-center-lawsuits/
http://retractionwatch.com/2017/06/02/journal-retracts-ohio-state-CrossFit-study-center-lawsuits/
http://retractionwatch.com/2017/06/30/researcher-tangled-CrossFit-loses-two-papers/#more-50890
http://retractionwatch.com/2017/06/30/researcher-tangled-CrossFit-loses-two-papers/#more-50890
http://www.ncbi.nlm.nih.gov/pubmed/28344451
http://dx.doi.org/10.1177/1941738116666073
http://www.ncbi.nlm.nih.gov/pubmed/27578854
http://dx.doi.org/10.1123/jsr.2016-0040
http://www.ncbi.nlm.nih.gov/pubmed/28253059
http://dx.doi.org/10.1177/2165079916685568
http://www.ncbi.nlm.nih.gov/pubmed/28363035
http://dx.doi.org/10.1249/JSR.0b013e318237bf8a
http://www.ncbi.nlm.nih.gov/pubmed/22071400
http://www.ncbi.nlm.nih.gov/pubmed/26360365
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Kennesaw State University
	DigitalCommons@Kennesaw State University
	8-7-2018

	High-Intensity Functional Training (HIFT): Definition and Research Implications for Improved Fitness
	Yuri Feito
	Katie M. Heinrich
	Scotty J. Butcher
	Walker S. Carlos Poston
	Recommended Citation


	Introduction 
	HIIT vs. HIFT: Key Differences 
	Historical Perspective of HIFT 
	Utilization of HIFT Programs in the General Population 
	Application of HIFT with Tactical Athletes 
	Firefighter Fitness Studies 
	Law Enforcement Officer Fitness Studies 

	Safety 
	References

