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Abstract: High-intensity exercise has been found to positively influence glucose control, however,
the effects of high-intensity functional training (HIFT) for overweight and obese sedentary adults
without diabetes is unknown. The purpose of this study was to examine changes in body composition
and glucose control from eight weeks of aerobic and resistance training (A-RT) compared to HIFT.
Session time spent doing daily workouts was recorded for each group. Baseline and posttest measures
included height, weight, waist circumference, dual X-ray absorptiometry (body fat percentage,
fat mass, lean mass), and fasting blood glucose. Participants completing the intervention (78%, n = 9
per group) were 67% female, age = 26.8 ± 5.5 years, and had body mass index = 30.5 ± 2.9 kg/m2 .
Fasting blood glucose and 2-h oral glucose tolerance tests were used as primary outcome variables.
On average, the HIFT group spent significantly less time completing workouts per day and week
(ps < 0.001). No significant differences were found for body composition or glucose variables withinor between-groups. Even though our findings did not provide significant differences between groups,
future research may utilize the effect sizes from our study to conduct fully-powered trials comparing
HIFT with other more traditional training modalities.
Keywords: fitness; diabetes; CrossFit; exercise

1. Introduction
As health care costs attributable to diabetes continue to rise [1,2], it is imperative to examine new
approaches to prevent this chronic disease. Evidence from the Diabetes Prevention Program (DPP)
demonstrates that a lifestyle intervention significantly reduces the cumulative incidence of diabetes
close to 60%, in comparison to 30% in a group using medication (Metformin) alone [3]. Moreover,
the DPP study also demonstrated that lifestyle interventions that include moderate-intensity activity
and dietary modifications are successful in decreasing body weight by more than 4 kg compared
to medication and control groups. In addition, those in the lifestyle group had similar, if not better
outcomes related to diabetic markers than those in the medication and control group over a four-year
period [3]. Thus, we can we can theorize that lifestyle programs may be better suited to prevent the
development of type 2 diabetes mellitus (T2DM).
Today, a clear link between obesity and the risk of developing T2DM exists [4,5]. According
to the World Health Organization, 39% and 13% of adults over 18 years are considered overweight
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and obese, respectively [6]. Evidence suggests the prevalence of obesity will rise 33% over the next
two-decades [7], while the prevalence of T2DM worldwide will continue to rise from 2.8% in 2000 to
4.4% by 2030 [8]. A recent investigation suggested inadequate physical activity and central obesity
are the most common risk factors for T2DM, with age being the greatest predictor of the disease [5].
To date, and contrary to other major global health issues, such as smoking and childhood malnutrition,
which have seen decreases in prevalence over time [9,10], obesity interventions have not resulted in
significant reductions in worldwide prevalence. As such, it is important to find strategies that will
mitigate the development of the disease and encourage individuals to become and remain active.
High intensity functional training (HIFT) uses a variety of exercise modalities, such as
mono-structural aerobic activities (e.g., running, rowing), body weight movements (e.g.,
squats, push-ups), and weightlifting derivatives (e.g., snatch, shoulder press, deadlift) [11].
Unlike high-intensity interval training (HIIT), which tends to focus on singular exercise modalities
(e.g., running), HIFT emphasizes functional, multi-joint movements that can be modified to any fitness
level, elicit greater muscle recruitment via both aerobic and muscle-strengthening exercises [11,12],
and may impact glucose uptake among individuals with T2DM [13,14]. Recently, Feito et al. reported
significant reductions in body fat percentage (~6.5%) after 16-weks of training among a group of
healthy adults [15]. Additionally, Heinrich et al. showed HIFT was an effective strategy in maintaining
adherence and enjoyment among sedentary adults [16]. Thus, it seems HIFT may be a potentially
beneficial strategy for combating obesity and potentially the development of T2DM.
Aside from two recent publications from the same study [17,18], which provided insight
into the single-group effects of a 6-week HIFT-style intervention on metabolic adaptations, to our
knowledge, no other study has compared HIFT training to more traditional exercise programs,
incorporating aerobic and resistance training exercises. In the first study, Nieuwoudt et al. [17] showed
significant reductions in body fat (−1.1 ± 0.3%, p = 0.002) and non-statistical changes in body weight
(−1.8 ± 1.0 kg, p = 0.09). However, no significant changes were seen for any marker related to
glucose control (i.e., glucose, insulin, etc.). Nonetheless, investigators reported improvements in
beta-cell function after 6-weeks of training, suggesting that perhaps longer interventions are needed
to see statistically significant changes in glucose markers. Meanwhile, Fealy et al. [18] reported
significant improvements in insulin sensitivity of ~15%, while reducing total and regional fat mass
and maintaining lean mass, which has been shown to be important in the regulation of blood
glucose [19]. Therefore, considering the limited number of studies currently available comparing HIFT
programs to traditional training programs, the purpose of this study was to examine the differences
in body composition (body fat percentage, fat mass, and lean body mass) and glucose control
between a combined aerobic and resistance exercise training program (A-RT) and a shorter-duration,
high-intensity functional training (HIFT) program in overweight and obese physically inactive adults.
Even though we expected both groups to show improvements, we hypothesized that the HIFT group
would have greater improvements in body composition and glucose control variables compared to the
A-RT group.
2. Materials and Methods
2.1. Study Design and Participants
This was an eight-week randomized controlled trial conducted between February and May
2012. The consolidated standards of reporting trials guidelines [20] were followed and the study was
registered at clinicaltrials.gov (NCT02185872). Inclusion criteria included non-smoking males and
females between 18–40 years-old, with a body mass index (BMI) of 25 to <40 kg/m2 , who were
physically inactive (i.e., not participating in any structured exercise programs for the past two
months and not exceeding 30 total minutes of physical activity per week), who were not pregnant or
planning on getting pregnant during the intervention, who were not taking any blood glucose altering
medications, who had no diagnosis of heart disease, or type 1 or T2DM, and had a total cholesterol
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<200 mg/dL. Participants who had been diagnosed with pre-diabetes were eligible to participate.
Participants were not discriminated by age, gender, or ethnicity and similar subjects were randomized
to each experimental group through random stratified assignment (age, body mass index ranges).
Participants were recruited via flyers, word of mouth, radio public service announcements,
on-campus recruitment, email blast, posters at local businesses, and referrals throughout the
University’s surrounding community. Interested participants completed a screening form to determine
eligibility, which included questions related to height, weight, age, weekly minutes of physical activity,
and general health questions. Individuals meeting the eligibility criteria were then given an informed
consent form, a medical history questionnaire, and a demographic information sheet. All study
protocols and procedures were approved by the University’s institutional review board (IRB; #6058).
Group randomization was conducted with all participants coded by age and BMI and assigned a
number based upon each characteristic. Median and mean values were calculated for age and BMI and
cut points were assigned each (i.e., age < or ≥ 28 years; BMI < or ≥ 30.5 kg/m2 ). A random number
generator was used to assign participants to each group resulting in 11 participants in the A-RT group
(eight females, three males) and 12 (seven males, five females) in the HIFT group. All participants were
asked to continue their normal dietary intake and to refrain from doing any extra physical activity
outside of the study.
2.2. Measures
Participants completed measures the week prior to and the week following the eight-week
intervention. Participants were asked to fast eight hours overnight before completing the body
composition and anthropometry measures, followed by the fasting plasma glucose measure.
2.2.1. Body Composition and Anthropometry
Body weight and height were measured to the nearest 0.1 kg and 0.1 cm, respectively. Following
standard guidelines, a BMI < 18.5 was defined as underweight, 18.5–24.9 was normal weight,
25–29.9 was overweight, and ≥30 was obese [21]. Waist circumference was measured by placing a
measuring tape 1” above the umbilicus around the waist of the participant and body composition (e.g.,
body fat (%), lean body mass (kg), fat mass (kg)) was measured via dual energy X-ray absorptiometry
(DXA; Lunar iDXA, GE Healthcare, Madison, WI; USA) scan [22]. Of note, the DEXA body composition
measurements were delayed for two weeks at posttest due to a computer malfunction. Participants
were neither asked to refrain from participating in any physical activity during the delay with the
DEXA, nor was their activity monitored.
2.2.2. Heart Rate
Resting heart rate was recorded using POLAR H7 heart rate monitors (Bethpage, NY, USA) with
a chest strap (beats per minute, bpm) after participants were seated for at least three minutes and
this was used to calculate heart rate reserve (HRR; Max HR − Resting HR = HRR). HRR was used to
determine appropriate exercise intensities for the A-RT program [23].
2.2.3. Glucose Control
Fasting plasma glucose (FPG) levels were taken first thing in the morning via finger stick after
an overnight fast of 10–12 h. Participants were specifically asked to refrain from eating or drinking
anything other than water prior to the test. Immediately following the FPG test, an oral glucose
tolerance test (OGTT) was administered. Participants were given a 75 g oral dextrose solution to
consume. Time 0 was documented for each participant at the time of ingestion of the entire solution.
Finger sticks were then taken at 30 min, 45 min, and 60 min from time 0.
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2.3. Exercise Groups
Both exercise groups, A-RT and HIFT, could choose to attend either a morning or evening session
on Mondays, Wednesdays, and Fridays.
2.3.1. Aerobic and Resistance Training (A-RT) Exercise Group
The A-RT activities were based upon the Academy of Nutrition and Dietetics and American
College of Sports Medicine (ACSM) guidelines to meet the 150 min of moderate-intensity aerobic
physical activity plus at least two days of muscle strengthening exercises per week [23]. All A-RT
sessions were supervised by an American Council on Exercise (ACE)-certified member of the research
team in order to ensure participants were completing the entire protocol accurately, to answer
any questions about exercise movements, and to demonstrate proper technique and form when
necessary. Participants completed three weekly exercise sessions on Mondays (50 min of aerobic
and full-body resistance training), Wednesdays (same as Mondays), and Fridays (50 min of aerobic
training). Participants began each training session by checking in and receiving a heart rate strap
and heart rate monitor as well as an individualized workout plan. Aerobic activities were completed
on machines (i.e., Concept 2 rower, Quinton or Precor treadmill, Precor or Vision Fitness elliptical,
or Vision Fitness stationary bike); participants were allowed to switch between machines as long as
they had completed at least 10 min towards their 50 total minutes. Intensity was prescribed as 40–50%
HRR for weeks 1–4 and 50–60% HRR for weeks 5–8 and participants utilized their heart rate monitors
to ensure meeting the intensity prescriptions.
Full-body resistance training exercises took approximately 20 min, with one minute of rest
between all sets and exercises. Crunches (3 sets of 15) were completed both days. Participants
established one-repetition maximums (1RMs) during week 1 on each CYBEX machine exercise and
exercises varied between Mondays (i.e., bicep curls, military presses, lat pulldowns, and leg extensions)
and Wednesdays (i.e., tricep pulldowns, bench presses, reverse leg curls, and seated leg presses).
Participants performed three sets of each exercise using the following progressive repetition scheme:
Weeks 2–3: 15 reps at 50% 1RM; Weeks 4–5: 12 reps at 60% 1RM; Weeks 6–7: 10 reps at 70% 1RM;
Week 8: 8 reps at 75% 1RM).
2.3.2. High Intensity Functional Training (HIFT) Exercise Group
A total of 24 sessions lasting up to 60 min were included in the HIFT program. CrossFit was
the HIFT program used in this study. All HIFT sessions were led by a CrossFit Level 2 trainer
and the first two sessions were structured as an introduction to common movements used in HIFT
(e.g., squats, deadlift, press, jerks, barbell, dumbbell, and medicine ball cleans, pull-ups, kettlebell
swings, among others); no additional workouts were completed on days 1 and 2. Beginning on day
3, each HIFT class consisted of 10–15 min of stretching and warmup, 10–20 min of instruction and
practicing techniques and movements, and 5–30 min for the workout of the day (WOD), performed at
vigorous intensity, relative to each person’s ability and fitness level. Workout modality components
included aerobic (e.g., running, jumping rope), body weight (e.g., pull-ups, squats), and weightlifting
(e.g., front squats, kettlebell swings) exercises that were constantly varied using the CrossFit training
template [24] in single, couplet, or triplet modalities that were completed for time, repetitions, or weight.
All weights and movements were individually prescribed and recorded for each HIFT participant.
Example workouts from Week 4 of the study have been previously published [16]. Depending on
the WOD structure, the times to complete the WOD, rounds and repetitions completed on the WOD,
weights used, and any modifications needed from the programmed workout were also recorded for
each participant. Average times for each WOD and total average WOD time per week were calculated
for the HIFT group as a whole.
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2.4. Incentive
After the conclusion of the intervention, participants were provided with one free month of
membership to the university department’s adult fitness program or CrossFit classes.
2.5. Statistical Analysis
All data were entered into IBM-SPSS 25 (Armonk, NY, USA) for statistical analyses and
comparisons. Due to the pilot nature of this study, an a priori sample size calculation was not
computed. Descriptive statistics including means (M), standard deviations (SD), and percentages (%)
were computed for all participant demographics by group. We used the equation [(Time 45 – Time
30) × 1⁄2 (OGTT 30 + OGTT 45)] + [(Time 60 – Time 45) × 1⁄2 (OGTT 60 + OGTT 45)] to calculate
glucose area under the curve (AUC) using the trapezoidal method [25]. Independent samples t-tests
were conducted on each measure to determine differences between groups at baseline. Paired-sample
t-tests were conducted to examine within-group changes in all variables of interest (e.g., glucose AUC)
from pretest to posttest. Additionally, a 2 (group) × 2 (time) repeated measures analysis of variance
(ANOVA) was conducted to evaluate between-group differences for changes from pretest to posttest.
Effect sizes (Cohen’s d) were calculated to examine further differences between the groups. Effects
sizes were considered small (d = 0.20), medium (d = 0.50), and large (d = 0.80) based on published
standards [26]. All data are presented as M ± SD unless otherwise noted. For all analyses, the alpha
level was set at 0.05.
3. Results
3.1. Participant Characteristics and Baseline Measurement Values
Eighteen participants completed the intervention (nine in the A-RT group: seven females,
two males; and nine in the HIFT group: five females, four males) by attending or making up at
least 90% of the 24 scheduled exercise sessions on alternate days. Only one participant reported
having pre-diabetes, but he did not complete the intervention. The study attrition rate was 21.7%
(A-RT = 18.2% vs. HIFT = 25%). Two male participants, one from each group, cited scheduling issues
as their reason for dropping out of the study and one male from the HIFT group stated a lower
body injury and groin muscle pull during an exercise session as his reason for discontinuing the
intervention. The other two participants (an A-RT female and a HIFT male) did not provide a reason
for discontinuing their participation.
Groups were similar in age (AR-T: 25.9 ± 4.2 years vs. HIFT: 27.7 ± 6.7 years). There were more
females in the AR-T group (77.8%) compared to the HIFT group (55.6%) and the HIFT group had a
larger proportion of individuals who reported being employed (AR-T: 55.6% vs. HIFT: 77.8%), as well
as reported being married (AR-T: 33.3% vs. HIFT: 55.6%). Both groups had similar proportion of
individuals with a bachelor’s degree or above (AR-T: 77.8% vs. HIFT: 58.3%). No significant differences
in baseline measurements were found between groups (see Table 1).
Table 1. Comparison of baseline body composition and fasting glucose for both study groups.
Variable

A-RT 1
M ± SD

HIFT 2
M ± SD

t

p-Value

Cohen’s d

Weight (kg)
Body Mass Index (kg/m2 )
Waist Circumference (cm)
Body Fat (%)
Fat Mass (kg)
Lean Body Mass (kg)
Fasting Plasma Glucose (mg/dL)
Glucose AUC

86.1 ± 9.7
30.1 ± 3.5
91.8 ± 8.8
43.7 ± 7.2
35.6 ± 7.1
46.5 ± 9.3
87.3 ± 8.1
4292 ± 677

86.6 ± 10.1
30.9 ± 2.3
97.2 ± 7.0
40.5 ± 7.4
33.2 ± 6.7
49.0 ± 10.4
88.4 ± 10.6
4448 ± 793

−0.11
−0.52
−1.45
1.04
0.74
−0.54
0.29
0.49

0.91
0.61
0.17
0.31
0.47
0.60
0.78
0.63

0.05
0.27
0.68
0.44
0.35
0.25
0.12
0.21

1

A-RT. Aerobic and Resistance Training (n = 9). 2 HIFT. High Intensity Functional Training (n = 9).
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3.2. Time Spent Exercising
Total training session times were 190 min per week for the A-RT group and 180 min for the
HIFT group. As previously reported [16], the A-RT group spent significantly more time on average
completing workouts each day (A-RT M = 63.3 ± 3.3 min vs. HIFT M = 13.3 ± 6.4 min, t(16) = 43.5,
p < 0.001) and each week (A-RT M = 189.8 ± 10.0 min vs. HIFT M = 39.3 ± 2.5 min; t(16) = 43.7,
p < 0.001).
3.3. Between-Group Differences for Body Composition and Glucose Variables
Within- and between-group differences for key variables are shown in Table 2. Overall,
no significant changes were observed for any of the measured body composition variables. Of the
body composition variables recorded, only body fat % within HIFT group participants showed a trend
towards significance (t = −2.04; p = 0.08). In addition, neither of the two measures related to glucose
control demonstrated significant changes after 8-weeks of training in either of the two groups. Of note,
the mean difference for glucose AUC increased for the A-RT group compared to the HIFT group
(279.4 ± 404.6 vs. −23.8 ± 577.1, respectively), although there were no significant differences between
groups. This change in glucose AUC did trend toward significance for the A-RT group (t = 1.95,
p = 0.09).
Table 2. Within- and between-group differences in body composition and glucose variables at posttest.
Variable

A-RT 1
M Difference ± SD

HIFT 2
M Difference ± SD

Cohen’s d

ƒ

p-Value

Weight (kg)
Body Mass Index (kg/m2 )
Waist Circumference (cm)
Body Fat (%)
Fat Mass (kg)
Lean Body Mass (kg)
Fasting Plasma Glucose (mg/dL)
Glucose AUC

−0.4 ± 1.4
−0.1 ± 0.6
−2.4 ± 4.8
−0.3 ± 1.7
−0.6 ± 1.5
0.1 ± 1.6
1.4 ± 8.4
279.4 ± 404.6 3

−0.4 ± 1.6
−0.2 ± 0.7
−1.4 ± 5.1
−1.1 ± 1.6
−1.0 ± 1.7
0.6 ± 1.2
0.4 ± 14.0
−23.8 ± 577.1

0.00
0.15
0.20
0.48
0.25
0.35
0.09
0.61

0.00
0.24
0.18
0.94
0.34
0.57
0.03
1.58

0.97
0.63
0.68
0.35
0.57
0.46
0.86
0.23

1

A-RT. Aerobic and Resistance Training (n = 9). 2 HIFT. High Intensity Functional Training (n = 9). 3 n = 8. Note
that all within-groups paired samples t-tests had p-values >0.05.

Further analysis of regional body composition changes identified significance changes in legs
lean body mass within the HIFT group (t = 3.3, p = 0.01). As shown in Table 3, no other significant
within-groups or between-groups differences were found.
Table 3. Within- and between-group differences in regional body composition at posttest.
Variable

A-RT 1
M Difference ± SD

HIFT 2
M Difference ± SD

Cohen’s d

ƒ

p-Value

Arms Lean Body Mass (kg)
Arms Fat Mass (kg)
Trunk Lean Body Mass (kg)
Trunk Fat Mass (kg)
Legs Lean Body Mass (kg)
Legs Fat Mass (kg)

0.02 ± 0.33
−0.03 ± 0.21
−0.14 ± 1.20
0.02 ± 0.87
0.13 ± 0.84
−0.41 ± 0.82

0.17 ± 0.65
−0.10 ± 0.35
−0.22 ± 1.53
−0.90 ± 1.57
0.53 ± 0.48 3
−0.03 ± 0.58

0.29
0.24
0.06
0.69
0.58
0.54

0.35
0.24
0.02
2.49
1.53
1.28

0.56
0.63
0.90
0.13
0.23
0.27

1 A-RT. Aerobic and Resistance Training (n = 9). 2 HIFT. High Intensity Functional Training (n = 9). 3 p = 0.01 for
within-group differences.

4. Discussion
The purpose of this study was to examine the impact of standard aerobic and resistance exercise
training program (A-RT) and a high-intensity functional training (HIFT) program in overweight and
obese, physically inactive adults. Even though we expected both groups to show improvements,
we hypothesized that the HIFT group would have greater improvements in body composition and
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glucose control variables compared to the A-RT group. The only significant difference we found was
an increase in legs lean body mass within the HIFT group. While our overall findings did not support
our hypotheses, we believe they are noteworthy and helpful for future studies.
Recently, Nieuwoudt et al. [17] investigated changes in beta-cell function after six weeks of
HIFT among 12 sedentary adults with documented T2DM. After completing 10–20-min sessions
3 days/week, participants saw significant improvements in beta-cell function, while decreasing
body fat and preserving lean mass [17]. In a second paper, Fealy, Nieuwoudt, et al. [18] evaluated
the effectiveness of their 6-week HIFT intervention for cardiometabolic risk factors, and reported
improvements in blood pressure, body composition, fat oxidation, plasma triglycerides, and very-low
density lipoprotein. Additionally, insulin sensitivity was increased after training, although the
downward shift in glucose was not statistically significant post-intervention. These two papers
provided initial insight for HIFT benefits among individuals with T2DM and supported the notion
this type of training was beneficial, even though the total volume of training was lower than typically
prescribed [23,27]. To our knowledge, no additional studies have investigated the metabolic changes
associated with HIFT. Similarly, studies comparing more typical exercise (e.g., aerobic and resistance
training) programs and HIFT programs are also lacking. Thus, our study design is timely and necessary.
Of interest, lean body mass did improve in the HIFT group, which shows promise for those with
type 2 diabetes. Olsen et al. [28] found blunting of glucose uptake in the legs, which should improve
with increased lean body mass. Although we did not find any significant between-group differences,
our study provides the first look at the comparison between HIFT and traditional training in glucose
control and body composition markers, which has not yet been described in the literature.
Even though our overall study hypotheses were not supported, our findings are not unfounded.
Several investigators have supported the notion 8-12 weeks of training may not be enough time
to significantly improve glucose metabolism after endurance and resistance training programs for
non-diabetic individuals [29,30]. For example, Craig et al. [29] reported on the effect of a 12-week
resistance training program among a group of young (23 ± 1 year) and older (63 ± 1 year) male
participants. Even though all participants demonstrated improvements in lean mass and body
composition, neither group showed changes in glucose response despite lowered insulin response after
a glucose load [29]. Similarly, Fenicchia et al. [30] examined the effects of an acute resistance training
session, as well as a six-week training program among T2DM women and showed that even though
resistance training was effective in increasing strength, glucose concentration improved immediately
after the acute bout, but not after six weeks of training. Additionally, insulin concentrations did not
seem to improve [30].
Even though several investigators have postulated a potential “exercise resistance”, where a
genetic predisposition exists to lower physiological improvements as a result of exercise
training [31–33], we believe our findings might be related to several potential limitations of our
research design. First, due to the pilot nature of our investigator our study sample was small, and may
not be generalizable to overweight/obese individuals at large. Several investigators have reported
significant improvements in body composition parameters using this type of training [11,34–36].
Second, a standardized physical activity questionnaire was not used for the screening process,
which may have resulted in participants under-reporting their physical activity levels at time of study
enrollment. Third, our groups had an uneven sex distribution which may have affected our results.
Fourth, we did not control nor measure dietary intake throughout the duration of the intervention
including prior to study measurements, and simply asked participants to continue their normal
dietary intake, which may have impacted our results. Even though this type of training promotes low
carbohydrate diets, such as Paleo® and Zone® [37] we are uncertain if any our participants started to
follow any of these dietary plans during our study. Recent evidence suggests these dietary approaches
could be beneficial for weight loss, although data are less clear for glucose control [38]. However,
in a 2015 review, Balk et al. suggested that more intensive interventions, using more aggressive
exercise prescription including higher intensity, and greater volumes, which could be representative
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of any HIFT program, are more effective in promoting weight loss and reducing diabetic risk [39].
Fifth, we also did not record information on typical day-to-day error of the DEXA machine. Lastly,
it may be that our intervention did not provide significant stimulus for energy deficit, as suggested
by current guidelines [21]. Future studies should also be designed to account for dietary intake,
where kilocalorie levels are adjusted for the individual’s body weight and physical activity levels [21]
and energy expenditure for −500 kcal/d or −750 kcal/d or 30% total energy deficit [21], in order
to ensure significant changes in body composition variables. This focused approach is sure to elicit
improvements in glucose control, as evidence suggest expending a minimum of 400 kcal/week
improves insulin action in sedentary adults [40].
In summary, it is noteworthy and encouraging that this 8-week intervention resulted in relatively
low attrition rates (~22%) and participants achieved over 90% adherence of all training sessions.
Even though attrition rates for intervention studies can be difficult to quantify [41], most studies that
achieve low attrition rates, include additional components such as behavioral training (e.g., goal setting,
mastery; [42]), weekly behavioral sessions and exercise logs [43], bi-weekly phone calls [44] and exercise
self-monitoring in the form of detailed daily logs [45], which tend to be cumbersome for the participant
and impractical in a “real world” scenario. Recently, several investigations from our laboratory have
elucidated on the motivational factors that affect HIFT participation [46–48] and suggest this type of
group-based training that includes constant personal challenges and competition seem to be motivating
for most adults. Further studies should be conducted with larger samples to further investigate the
effects of HIFT on body composition and glucose control for overweight and obese adults.
Author Contributions: Conceptualization: P.P. and K.M.H.; methodology: P.P.; software: K.M.H.; validation: P.P.;
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Acknowledgments: The authors would like to acknowledge Joshua O’Neal and Bryan Heinrich for their
contributions in supervising exercise sessions and data collection assistance.
Conflicts of Interest: The authors declare no conflict of interest.

References
1.

2.
3.

4.
5.
6.
7.
8.
9.

Rosella, L.C.; Lebenbaum, M.; Fitzpatrick, T.; O’Reilly, D.; Wang, J.; Booth, G.L.; Stukel, T.A.; Wodchis, W.P.
Impact of diabetes on healthcare costs in a population-based cohort: A cost analysis. Diabet. Med. 2016, 33,
395–403. [CrossRef] [PubMed]
American Diabetes Association. Economic costs of diabetes in the U.S. In 2017. Diabetes Care 2018, 41,
917–928. [CrossRef] [PubMed]
Knowler, W.C.; Barrett-Connor, E.; Fowler, S.E.; Hamman, R.F.; Lachin, J.M.; Walker, E.A.; Nathan, D.M.;
Diabetes Prevention Program Research Group. Reduction in the incidence of type 2 diabetes with lifestyle
intervention or metformin. N. Engl. J. Med. 2002, 346, 393–403. [PubMed]
Mokdad, A.H.; Ford, E.S.; Bowman, B.A.; Dietz, W.H.; Vinicor, F.; Bales, V.S.; Marks, J.S. Prevalence of obesity,
diabetes, and obesity-related health risk factors, 2001. JAMA 2003, 289, 76–79. [CrossRef] [PubMed]
Fallahzadeh, H.; Ostovarfar, M.; Lotfi, M.H. Population attributable risk of risk factors for type 2 diabetes;
bayesian methods. Diabet. Metab. Syndrome Cli. Res. Rev. 2019, in press. [CrossRef]
World Health Organization. Obesity and Overweight Fact Sheets. Available online: https://www.who.int/
news-room/fact-sheets/detail/obesity-and-overweight (accessed on 26 January 2019).
Finkelstein, E.A.; Khavjou, O.A.; Thompson, H.; Trogdon, J.G.; Pan, L.; Sherry, B.; Dietz, W. Obesity and
severe obesity forecasts through 2030. Am. J. Prev Med. 2012, 42, 563–570. [CrossRef] [PubMed]
Wild, S.; Roglic, G.; Green, A.; Sicree, R.; King, H. Global prevalence of diabetes: Estimates for the year 2000
and projections for 2030. Diabet. Care 2004, 27, 1047–1053. [CrossRef]
Ng, M.; Freeman, M.K.; Fleming, T.D.; Robinson, M.; Dwyer-Lindgren, L.; Thomson, B.; Wollum, A.;
Sanman, E.; Wulf, S.; Lopez, A.D. Smoking prevalence and cigarette consumption in 187 countries, 1980–2012.
JAMA 2014, 311, 183–192. [CrossRef]

Sports 2019, 7, 51

10.

11.
12.

13.

14.

15.

16.

17.

18.

19.
20.
21.

22.
23.

24.
25.
26.
27.
28.
29.

9 of 10

Stevens, G.A.; Finucane, M.M.; Paciorek, C.J.; Flaxman, S.R.; White, R.A.; Donner, A.J.; Ezzati, M.; Nutrition
Impact Model Study Group. Trends in mild, moderate, and severe stunting and underweight, and progress
towards mdg 1 in 141 developing countries: A systematic analysis of population representative data. Lancet
2012, 380, 824–834. [CrossRef]
Feito, Y.; Heinrich, K.M.; Butcher, S.J.; Poston, W.S.C. High-intensity functional training (HIFT): Definition
and research implications for improved fitness. Sports 2018, 6, 76. [CrossRef]
Heinrich, K.M.; Becker, C.; Carlisle, T.; Gilmore, K.; Hauser, J.; Frye, J.; Harms, C.A. High-intensity functional
training improves functional movement and body composition among cancer survivors: A pilot study. Eur. J.
Cancer Care 2015, 24, 812–817. [CrossRef] [PubMed]
Church, T.S.; Blair, S.N.; Cocreham, S.; Johannsen, N.; Johnson, W.; Kramer, K.; Mikus, C.R.; Myers, V.;
Nauta, M.; Rodarte, R.Q. Effects of aerobic and resistance training on hemoglobin a1c levels in patients with
type 2 diabetes: A randomized controlled trial. JAMA 2010, 304, 2253–2262. [CrossRef] [PubMed]
AminiLari, Z.; Fararouei, M.; Amanat, S.; Sinaei, E.; Dianatinasab, S.; AminiLari, M.; Daneshi, N.;
Dianatinasab, M. The effect of 12 weeks aerobic, resistance, and combined exercises on omentin-1 levels and
insulin resistance among type 2 diabetic middle-aged women. Diabet. Metab. J. 2017, 41, 205–212. [CrossRef]
[PubMed]
Feito, Y.; Hoffstetter, W.; Serafini, P.; Mangine, G. Changes in body composition, bone metabolism, strength,
and skill-specific performance resulting from 16-weeks of hift. PLoS ONE 2018, 13, e0198324. [CrossRef]
[PubMed]
Heinrich, K.M.; Patel, P.M.; O’Neal, J.L.; Heinrich, B.S. High-intensity compared to moderate-intensity
training for exercise initiation, enjoyment, adherence, and intentions: An intervention study.
BMC Public Health 2014, 14, 789–795. [CrossRef] [PubMed]
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. MeTable 2017, 313, E314–E320. [CrossRef] [PubMed]
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, 103, 985–994. [CrossRef]
Kirwan, J.P.; Sacks, J.; Nieuwoudt, S. The essential role of exercise in the management of type 2 diabetes.
Cleve. Clin. J. Med. 2017, 84, S15–S21. [CrossRef]
Schulz, K.F.; Altman, D.G.; Moher, D. Consort 2010 statement: Updated guidelines for reporting parallel
group randomised trials. Ann. Intern. Med. 2010, 152, 726–732. [CrossRef]
Jensen, M.D.; Ryan, D.H.; Apovian, C.M.; Ard, J.D.; Comuzzie, A.G.; Donato, K.A.; Hu, F.B.; Hubbard, V.S.;
Jakicic, J.M.; Kushner, R.F. 2013 AHA/ACC/TOS guideline for the management of overweight and obesity
in adults: A report of the american college of cardiology/american heart association task force on practice
guidelines and the obesity society. J. Am. Coll. Cardiol. 2014, 63, 2985–3023. [CrossRef]
Kohrt, W.M. Preliminary evidence that dexa provides an accurate assessment of body composition.
J. Appl. Physiol. 1998, 84, 372–377. [CrossRef] [PubMed]
American College of Sports Medicine. General principles of exercise prescription. In Acsm’s Guidelines for
Exercise Testing and Prescription, 10th ed.; Riebe, D., Ed.; Lippincott Williams & Wilkins: Philadelphia, PA, USA,
2017; pp. 143–179.
Glassman, G. A theoretical template for crossfit’s programming. CrossFit J. 2003, 6, 1–5.
Pannacciulli, N.; Ortega, E.; Koska, J.; Salbe, A.D.; Bunt, J.C.; Krakoff, J. Glucose response to an oral glucose
tolerance test predicts weight change in non-diabetic subjects. Obesity 2007, 15, 632–639. [CrossRef] [PubMed]
Cohen, J. Statistical power analysis. Curr. Directions Psychol. Sci. 1992, 1, 98–101. [CrossRef]
Gibala, M.J. Functional high-intensity training: A hit to improve insulin sensitivity in type 2 diabetes.
Exp. Physiol. 2018, 103, 937–938. [CrossRef] [PubMed]
Olsen, D.B.; Sacchetti, M.; Dela, F.; Ploug, T.; Saltin, B. Glucose clearance is higher in arm than leg muscle in
type 2 diabetes. J. Physiol. 2005, 565, 555–562. [CrossRef] [PubMed]
Craig, B.W.; Everhart, J.; Brown, R. The influence of high-resistance training on glucose tolerance in young
and elderly subjects. Mech. Ageing Dev. 1989, 49, 147–157. [CrossRef]

Sports 2019, 7, 51

30.

31.

32.

33.

34.
35.
36.
37.

38.

39.

40.
41.
42.
43.

44.
45.
46.
47.
48.

10 of 10

Fenicchia, L.; Kanaley, J.; Azevedo, J., Jr.; Miller, C.; Weinstock, R.; Carhart, R.; Ploutz-Snyder, L. Influence of
resistance exercise training on glucose control in women with type 2 diabetes. Metabolism 2004, 53, 284–289.
[CrossRef]
Lessard, S.J.; Rivas, D.A.; Alves-Wagner, A.B.; Hirshman, M.F.; Gallagher, I.J.; Constantin-Teodosiu, D.;
Atkins, R.; Greenhaff, P.L.; Qi, N.R.; Gustafsson, T.; et al. Resistance to aerobic exercise training causes
metabolic dysfunction and reveals novel exercise-regulated signaling networks. Diabetes 2013, 62, 2717–2727.
[CrossRef]
Stephens, N.A.; Xie, H.; Johannsen, N.M.; Church, T.S.; Smith, S.R.; Sparks, L.M. A transcriptional signature
of “exercise resistance” in skeletal muscle of individuals with type 2 diabetes mellitus. Metabolism 2015, 64,
999–1004. [CrossRef]
Mann, T.N.; Lamberts, R.P.; Lambert, M.I. High responders and low responders: Factors associated with
individual variation in response to standardized training. Sports Med. 2014, 44, 1113–1124. [CrossRef]
[PubMed]
Paine, J.; Uptgraft, J.; Wylie, R. CGSC CrossFit Study; Command and General Staff College:
Fort Leavenworth, KS, USA, May 2010.
Eather, N.; Morgan, P.J.; Lubans, D.R. Improving health-related fitness in adolescents: The crossfit teens
randomised controlled trial. J. Sports Sci. 2016, 34, 209–223. [CrossRef] [PubMed]
Meyer, J.; Morrison, J.; Zuniga, J. The benefits and risks of crossfit: A systematic review. Workplace Health Saf.
2017, 65, 612–618. [CrossRef] [PubMed]
CrossFit Inc. The Crossfit Level 1 Training Guide; CrossFit, Inc.: Scotts Valley, CA, USA, 2018; p. 126. Available
online: https://assets.crossfit.com/pdfs/seminars/CertRefs/CFD_L1_ParticipantHandbook_Revised_02.
pdf (accessed on 26 January 2019).
Aragon, A.A.; Schoenfeld, B.J.; Wildman, R.; Kleiner, S.; VanDusseldorp, T.; Taylor, L.; Earnest, C.P.;
Arciero, P.J.; Wilborn, C.; Kalman, D.S.; et al. International society of sports nutrition position stand:
Diets and body composition. J. Int. Soc. Sports Nutr. 2017, 14, 16. [CrossRef] [PubMed]
Balk, E.M.; Earley, A.; Raman, G.; Avendano, E.A.; Pittas, A.G.; Remington, P.L. Combined diet and physical
activity promotion programs to prevent type 2 diabetes among persons at increased risk: A systematic
review for the community preventive services task force. Ann. Inter. Med. 2015, 163, 437–451. [CrossRef]
[PubMed]
Dubé, J.J.; Fleishman, K.; Rousson, V.; Goodpaster, B.H.; Amati, F. Exercise dose and insulin sensitivity:
Relevance for diabetes prevention. Med. Sci. Sports Exerc. 2012, 44, 793–799. [CrossRef] [PubMed]
Linke, S.E.; Gallo, L.C.; Norman, G.J. Attrition and adherence rates of sustained vs. Intermittent exercise
interventions. Ann. Behav. Med. 2011, 42, 197–209. [CrossRef]
Coleman, K.J.; Raynor, H.R.; Mueller, D.M.; Cerny, F.J.; Dorn, J.M.; Epstein, L.H. Providing sedentary adults
with choices for meeting their walking goals. Prev. Med. 1999, 28, 510–519. [CrossRef]
Jakicic, J.M.; Wing, R.; Butler, B.; Robertson, R. Prescribing exercise in multiple short bouts versus one
continuous bout: Effects on adherence, cardiorespiratory fitness, and weight loss in overweight women.
Int. J. Obes. Relat. Metab. Disord. J. Int. Assoc. Study Obes. 1995, 19, 893–901.
DeBusk, R.F.; Stenestrand, U.; Sheehan, M.; Haskell, W.L. Training effects of long versus short bouts of
exercise in healthy subjects. Am. J. Cardiol. 1990, 65, 1010–1013. [CrossRef]
Macfarlane, D.J.; Taylor, L.H.; Cuddihy, T.F. Very short intermittent vs continuous bouts of activity in
sedentary adults. Prev. Med. 2006, 43, 332–336. [CrossRef]
Bycura, D.; Feito, Y.; Prather, C.C. Motivational factors in crossfit® training participation. Health Behav.
Policy Rev. 2017, 4, 539–550. [CrossRef]
Feito, Y.; Brown, C.; Box, A.; Heinrich, K.M.; Petruzzello, S.J. An investigation into how motivational factors
differed among individuals engaging in crossfit training. SAGE Open 2018, 8, 2158244018803139. [CrossRef]
Box, A.G.; Feito, Y.; Petruzzello, S.J.; Mangine, G.T. Mood state changes accompanying the crossfit open
competition in healthy adults. Sports 2018, 6, 67. [CrossRef]
© 2019 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/).

