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Abstract

Aim—~Functional high intensity training (F-HIT) is a novel fitness paradigm that integrates
simultaneous aerobic and resistance training in sets of constantly varied movements, based on
real-world situational exercises, performed at high intensity in workouts that range from ~8-20
min/session. We hypothesized that F-HIT would be an effective exercise mode for reducing insulin
resistance in type 2 diabetes (T2D).

Methods—We recruited 13 overweight/obese adults (5 males, 8 females; 53+7 years; BMI
34.5+3.6 kgem~2, Mean=SD) with T2D to participate in a 6 week (3d/wk) supervised F-HIT
program. An oral glucose tolerance test was used to derive measures of insulin sensitivity.

Results—F-HIT significantly reduced fat mass (43.8+83.8 vs 41.6+7.9 kg; P<0.01), diastolic
blood pressure (80.2+7.1 vs 74.5+5.8; P<0.01), blood lipids (triglyceride and VLDL, both P<0.05)
and metabolic syndrome z-score (6.4+4.5 vs —0.2+5.2 AU; P<0.001), and increased basal fat
oxidation (FOX: 0.08+0.03 vs 0.10+0.04 gemin~1; P=0.05), and HMW adiponectin (214.4+88.9 vs
288.8+127.4 ngemL™1; P<0.01). Importantly, F-HIT also increased insulin sensitivity
(0.037+0.010 vs 0.042+0.010 AU; P<0.05). Increases in HMW adiponectin and FOX correlated
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with the change in insulin sensitivity (/0. 0.75; P<0.05, rho:0.81; P<0.01, respectively).
Compliance with the training program was >95% and no injuries or adverse events were reported.

Conclusion—These data suggest that F-HIT may be an effective exercise mode for managing
T2D. The increase in insulin sensitivity addresses a key defect in T2D and is consistent with
improvements observed after more traditional aerobic exercise programs in overweight/obese
adults with T2D.
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INTRODUCTION

Physical activity remains central to the treatment and prevention of type 2 diabetes (T2D)
and cardiovascular disease, yet empirical evidence for durable exercise training-induced
improvements in insulin sensitivity and cardiovascular health in diabetes is scarce. Current
physical activity recommendations for T2D include at least moderate intensity (40-60%
VOsmax), aerobic exercise, 3-5 times per week. In addition to aerobic exercise, resistance
training 2-3 times per week is also recommended, recognising greater benefits from this
combined training than either aerobic or resistance training alone (Colberg et al., 2016).
Such programs typically take more than 5 hours per week to complete. Despite these
recommendations, compliance and adherence to exercise advice continues to remain
disappointingly low. Although patients with prediabetes and T2D report awareness that diet
and physical activity can improve their condition, these patients have not applied this advice
to their own health (Green et al., 2007). In fact, only 42% of US patients with T2D are
reported to have met the guidelines for physical activity (Zhao et al., 2008). One of the most
cited barriers to regular physical activity is lack of time (Korkiakangas et a/., 2009).

In order to mitigate this perceived barrier to physical activity, high-intensity exercise has
been proposed as a time-efficient method for achieving cardio-metabolic health outcomes
equivalent to traditional aerobic training programs (Gibala, 2007; Gibala et a/., 2012). Such
has been the increased popularity of high-intensity training amongst exercise specialists and
the general public that programs like “boot camp’ — a military-styled fitness approach
(Thompson, 2014) - and high-intensity interval training (HIIT) have become mainstays in
the top 20 worldwide fitness trends since 2010, with HIT featured in the top 5 in each year
since its initial appearance in 2014 (Thompson, 2014). Moreover, Crossfit™, which provides
a form of Functional High Intensity Training (F-HIT), has established remarkable
participation rates worldwide (Butcher et af., 2015).

HIIT typically involves repeated, short intervals of running or cycling performed at 85-95%
of peak heart rate interspersed with periods of rest or low intensity exercise, while sprint
interval training (SIT) refers to similar modes of exercise performed at >100% peak heart
rate (Weston et al., 2013). While these modes of high intensity training may be adequate, or
perhaps superior, alternatives to moderate intensity aerobic exercise for metabolic health
(Boule et al.,, 2001; Snowling & Hopkins, 2006; Weston ef al., 2014; Jelleyman et al., 2015),
they typically lack a resistance exercise component (Weston et al., 2013). Crossfit™, on the
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other hand, involves functional high intensity training (F-HIT) that incorporate 2-3 different
exercises per workout including weightlifting, gymnastics, body weight, and endurance type
exercises. The workouts are performed either in the shortest amount of time, for as many
rounds as possible in a given time, or for maximal loads. Despite its growing popularity, few
studies have examined the efficacy of such interventions in the general population (McRae et
al., 2012; Heinrich et al,, 2014; Butcher et al., 2015; Murawska-Cialowicz et al., 2015), and
none to our knowledge in individuals with T2D. We therefore examined the effectiveness of
a 6 week CrossFit™ F-HIT intervention in individuals with T2D. We hypothesized that,
given the combined aerobic and resistance components, F-HIT would reduce body fat while
maintaining lean tissue mass, and ameliorate insulin resistance and cardio-metabolic risk in
individuals with T2D.

METHODS
Ethical Approval

The study was approved by the Cleveland Clinic Institutional Review Board (IRB#: 12-436)
and all subjects provided signed informed consent in accordance with guidelines for the
protection of human subjects and the Declaration of Helsinki, except for registration in a
database (clause 35).

Subject Population

We recruited 13 overweight/obese, sedentary adults (5 males, 8 females; age 5317 years;
BMI 34.5+3.6 kgem~2; mean+SD) with clinically diagnosed non-insulin dependent T2D
from the local community. This dataset includes 12 participants that were described in a
previous publication examining the effect of F-HIT on pancreatic p-cell function in
individuals with T2D (Nieuwoudt et al., 2017). All participants were screened with a
medical history and physical examination, blood and urine chemistry analyses, and a resting
and exercise stress test with 12-lead electrocardiogram. Individuals were excluded from
participation if they, 1) were smokers in the past 5 years, 2) had greater than 5 kg weight
change in the previous 6 months, 3) undertook regular exercise (>30 min/day, >3 days/
week), 4) had contraindications to elevated levels of physical activity as indicated by an
electrocardiogram, 5) demonstrated any evidence of current or previous hematological,
renal, hepatic, cardiovascular, or pulmonary disease, or 6) patients taking insulin, or thyroid
medications. Female subjects were either, postmenopausal and not using any hormone
replacement therapy, or premenopausal and in the follicular phase of the menstrual cycle
during the testing period. Thus, premenopausal women had baseline testing ~2 weeks prior
to the commencement of the exercise intervention.

Medications & Supplements

All but one participant was taking one (n=5) or more (2 drugs, n=4; >2 drugs, n=3) oral
hypoglycemic agents. These included metformin (n=12), sulfonylureas (n=5), and GLP-1
agonists (n=3). In addition, 5 participants were taking one blood pressure medication and 4
were taking two blood pressure medications. These included thiazide diuretics (n=6), ACE
inhibitors (n=4), ANGII inhibitors (n=3). In addition, seven participants were taking statins.
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All participants were instructed under medical supervision to withhold medications for 48
hours prior to metabolic testing.

Four participants reported taking a daily multivitamin and four also reported taking vitamin
D daily. In addition, aspirin and ibuprofen was taken daily by four participants and tramadol
by one. One participant also reported taking L-Lysine, zinc, cinnamon, and Naftifine HCI.
Additionally two participants were taking fish oil supplements. Medications and supplement
dosages were maintained constant throughout the duration of the study.

Exercise Intervention

Subjects participated in a 6-week F-HIT training program at an established CrossFit™ gym.
An experienced CrossFit™ coach led groups of 2-6 subjects in three exercise training
sessions per week. Training sessions included a warm-up, skill practice, and one high-
intensity workout, performed at >85% HR maximum, ranging in duration from ~8-20
minutes. Over the course of 6-weeks, subjects were exposed to an array of functional
weightlifting, gymnastics, and endurance movements in various combinations such as
deadlifts, clean and snatch, overhead press, gymnastic style ring exercises, box jumps, and
body weight exercises. All subjects completed the same workouts, however, no individual
sessions were replicated - with the exception of session 2 and 18 which was used as a
measure of functional improvement (Nieuwoudt et a/., 2017). Examples of specific workouts
are described in table 1. In addition, sample relative heart rate responses from 5 individuals
during a session are presented in Figure 1. Three-day diet records were obtained prior to,
and in the last week of, the exercise intervention to monitor any changes in dietary intake.
Furthermore, subjects were instructed to avoid caffeine consumption for 12- and alcohol for
48-hours prior to testing and to consume the same diet containing 250 g carbohydrate on the
day prior to the pre- and post-study testing days. Post-intervention testing commenced
~24-36 hours following the last exercise bout.

Body Composition

Height and weight were obtained with participants wearing a standard hospital gown and by
use of a wall-mounted stadiometer and a calibrated scale. BMI was calculated as body mass
(kilograms) divided by the square of height (meters). Body fat distribution, and fat-free mass
were assessed using dual-energy x-ray absorptiometry (iDXA, Lunar Prodigy; GE
Healthcare). Waist circumference was measured up to 3 times with the use of a plastic tape
measure ~2 cm above the umbilicus. Measurements within 0.5 cm were averaged and used
for analysis.

Blood Pressure

Blood pressure was measured using an automated platform (DINAMAPProcare 400; GE
Medical Systems) to obtain morning brachial SBP and DBP measurements. Measurements
were performed on the left arm in a lowly lighted room while participants lay semisupine
after 10 min of awake rest. Reported data were based on the mean of 3 measurements. Mean
arterial pressure was calculated as 2/3(DBP) + 1/3(SBP). Pulse pressure was estimated by
subtracting DBP from SBP.
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Insulin Sensitivity and Substrate Metabolism

Subjects arrived at the Clinical Research Unit following an overnight fast, and lay supine in
bed for 30 minutes followed by assessment of non-protein corrected, whole body fat
oxidation (FOX) by indirect calorimetry using the following equation; (FOX = 1.695(VO,) —
1.701(VCO,) (Peronnet & Massicotte, 1991). Subsequently, a 75 gram OGTT was
administered. Baseline blood draws were obtained from an antecubital vein prior to
ingestion of the glucose drink. Blood samples were drawn in EDTA tubes at 30, 60, 90, 120
and 180 minutes after ingestion. Total and incremental metabolite responses (area under the
curve, tAUC and iAUC, respectively) during the OGTT were calculated using the
trapezoidal rule. Insulin sensitivity during the OGTT was calculated using the modified
Stumvoll equation (Solomon et al., 2014).

Biochemical Analysis and Cardiometabolic Risk Score

Plasma analyses were performed on samples that had been stored at —80°C immediately
following post-draw processing. Glucose was determined using the YSI 2300 STAT Plus
analyser (Yellow Springs, OH), and insulin was determined via radioimmunoassay
(Millipore, Billerica, MA). Triglycerides and cholesterol were analysed using enzymatic
methods with an automated platform (Roche Modular Diagnostics, Indianapolis, IN).
Fasting plasma high molecular weight (HMW) adiponectin and resistin were measured at
baseline and following the exercise intervention by ELISA (Millipore, Billerica, MA).
Plasma creatine kinase (CK) was measured using an enzymatic activity assay (Sigma-
Aldrich, St. Louis, MO). Sex-specific zscores were calculated to determine the efficacy of
the intervention on decreasing the severity of the metabolic syndrome (Malin et al., 2014)

Statistical Analyses

RESULTS

Statistical analysis was performed using GraphPad Prism 6.0 (Graphpad Software Inc., San
Diego CA). Values were tested for normality using the D’ Agostino & Pearson omnibus
normality test. Pre- to post-intervention changes were assessed using a repeated measures
analysis of variance for normally distributed samples. Pre- to post-changes that were not
normally distributed were assessed using the non-parametric Wilcoxon signed rank test.
Pearson’s correlation was used to examine associations between normally distributed data.
In addition, Spearman’s rank correlation analyses were used to identify relationships
between variables that failed the normality test. Statistical significance was accepted when
FP<0.05 and all data are expressed as mean+SD.

Body Composition and Blood Pressure

Anthropometric data for the group are summarised in Table 2. Six-weeks of F-HIT training
did not produce significant changes in body weight or BMI (P=0.11). Regional changes to
body composition are reported in Table 3. Notably, android fat (P<0.05), gynoid fat
(P<0.01), trunk fat (P<0.05), and leg fat (P<0.0001) were all decreased, while lean tissue
remained unchanged. Aerobic fitness (VOomax) Was increased after the F-HIT training
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program (Nieuwoudt et al, 2017). The 6-week exercise intervention also resulted in a
decrease in diastolic blood pressure (DBP; P<0.01), mean arterial pressure (MAP; P<0.05).

Insulin Sensitivity and Metabolic Syndrome Severity

ISlogTT Was increased in all but one individual following training (Figure 2A). Even though
there was a downward shift in the overall glucose response during the post-intervention
OGTT, total (tAUC; P=0.20) and incremental (iIAUC; P=0.85) glucose area under the curve
(Table 4) were not significantly altered. Insulin areas under the curve (tAUC P=0.16 and
iAUC; P=0.88) were unchanged after the intervention (Table 4). Metabolic syndrome
severity was also reduced following the intervention (P<0.001; Figure 2B).

Substrate Metabolism and Blood Biochemistry

F-HIT resulted in significant increases in fat oxidation (P<0.05; Figure 3A) and HMW
adiponectin (P<0.01; Figure 3B) along with reductions in plasma triglycerides (P<0.05) and
VLDL cholesterol (P<0.05) (Table 3). There were also reductions in total cholesterol
(P=0.11) and LDL cholesterol (P=0.15); however, these changes did not reach statistical
significance. Plasma resistin was reduced (P<0.05) after the exercise program (Table 3).
Plasma CK was increased (P<0.05), following 6-weeks of training (Table 3).

Correlation Analysis

The increase in HMW adiponectin and FOX both correlated with the change in ISlggTT
(P<0.01, Figure 4A and B). Moreover, I1SlogTT changes were correlated with decreases in
both fasting glucose (Nieuwoudt et a/., 2017) (rho —0.26; P<0.05) and tAUC glucose (rho
-0.27; P<0.05). Changes in HMW adiponectin were also associated with alterations in total
fat mass (rho —0.67; P<0.05), while differences in glucose iAUC were correlated with
increases in CK (r=0.61; P<0.05).

DISCUSSION

Exercise training has long been recognised as a key component in the clinical management
of patients with T2D (American Diabetes Association, 2014). Despite this, adherence to
traditional exercise programs is low (Ary et al., 1986; Clark, 1997), with one of the main
barriers to adherence cited as a lack of time (Korkiakangas et al., 2009). Here, we
demonstrate for the first time in patients with T2D, the effectiveness of a novel high
intensity training modality for increasing insulin sensitivity, FOX, and HMW-adiponectin,
while reducing fat mass, plasma triglycerides and cholesterol, metabolic syndrome severity,
diastolic blood pressure, and plasma concentration of the pro-inflammatory adipokine
resistin over the course of a 6-week intervention using short 8-20 minute workouts, 3-days
per week. It is important to note that this was achieved with no injuries reported, and greater
than 95% compliance with the exercise program. This is significant due to the widespread,
and legitimate, concerns expressed within the fitness and scientific community regarding the
safety and efficacy of Crossfit-style F-HIT training programs for individuals with pre-
existing chronic illness (Karstoft ef a/., 2013; Mitranun et al., 2014; Thompson, 2014). The
data presented herein, however, indicate that F-HIT, performed in a controlled setting, and
under appropriate supervision, is effective for individuals with T2D. Our data also adds to
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the growing body of literature which suggests that high intensity exercise interventions may
offer a time efficient approach to achieve outcomes comparable to traditional aerobic
exercise programs.

Glucose lowering is the major focus in the management of patients with T2D (Inzucchi et
al., 2012). Traditional, long duration, moderate intensity aerobic exercise programs have
proven extremely effective at improving insulin sensitivity (Mourier et al., 1997), reducing
HbA1. (Umpierre et al., 2011), and regulating plasma glucose levels (Holloszy et al., 1986).
Indeed, we have observed improvements of ~25% in clamp and OGTT derived measures of
insulin sensitivity with as little as 7-days of moderate intensity aerobic exercise (Kirwan et
al., 2009). However, these interventions lack a resistance training component, and this is
particularly important where weight loss is accompanied by a loss of lean tissue (Baba et af.,
1999; Saris et al., 2000; Brehm et al., 2005; Solomon et al., 2010). Increasing recognition of
the role of lean mass in the regulation of blood glucose in T2D (Srikanthan & Karlamangla,
2011; Kirwan et al., 2017) has prompted the ADA to add 2-3 days of resistance training per
week to their physical activity recommendations (Colberg et al., 2016). Nonetheless, while
the addition of resistance exercise training to physical activity recommendations is a
welcome step, the added exercise burden is unlikely to increase adherence to exercise
recommendations. We were therefore interested to understand whether the combination of
aerobic and resistance training performed at high intensity would result in similar
improvements in insulin sensitivity to those we have previously observed in individuals with
T2D (Fenicchia et al., 2004; Kirwan et al., 2009; Ryan, 2010) while preserving the lean
mass sparing benefits of resistance training. The 15% improvement in insulin sensitivity
observed in this study reflects a consistent and positive outcome. This was achieved while
maintaining total and regional lean mass coincident with reductions in total and regional fat
mass.

Despite the improvements insulin sensitivity, we did not observe significant reductions in
glucose area under the curve following the exercise intervention. Several recent
interventional studies have suggested that high intensity exercise programs may result in
improvements in HbA1. (Dunstan et al., 2002; Hansen et al., 2009), and improvements in
glucose homeostasis measured by continuous glucose monitoring (Karstoft et a/., 2014)
without apparent differences in glucose AUC during an OGTT. Previous research indicates
that muscle damage from eccentric exercise transiently reduces insulin sensitivity (Kirwan et
al., 1992) and there have been isolated reports of rhabdomyolysis associated with CrossFit-
style exercise (Larsen & Jensen, 2014). However, while eccentric exercise induced muscle
damage is an expected, acute response, training adaptations rapidly result in a resistance to
exercise induced muscle damage (Howatson et a/., 2007). Nonetheless, we considered
whether transient impairments in glucose uptake induced by muscle damage might have
contributed to this anomaly and we did observe a modest increase in circulating CK after the
6-week training intervention. In the absence of a control group it is unclear whether this
change was related to the intervention or just a normal fluctuation associated with T2D, and
although the increases in CK are well below the levels reported in rhabdomyolysis, we did
observe a positive correlation between changes in plasma CK and glucose iAUC which
suggests that a longer intervention may be required to allow the skeletal musculature to fully
adapt to the demands of F-HIT. Moreover, the ISIggTT response observed in the current
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study may, as a result, underestimate the magnitude of change in glucose homeostasis
achievable with F-HIT exercise.

Individuals with T2D are at significantly higher risk for cardiovascular disease, which can
manifest as increased metabolic syndrome severity. This elevated risk persists when
compared to non-diabetic individuals similar in age and body fat distribution (Malin et al.,
2014). Wijndaele et al. (Wijndaele et a/., 2006) developed a metabolic syndrome risk score
(z-score) that provides a continuous metric of metabolic syndrome severity. Here we
observed a ~110% decrease in the metabolic syndrome z-score following the exercise
intervention. There are currently few interventional studies that we are aware of that have
examined metabolic syndrome z-score responses to exercise interventions in individuals
with T2D. Nonetheless, the decreased risk observed in the current study appears superior to
a recent study examining z-score risk in individuals with T2D undergoing 16 weeks of either
moderate intensity continuous training 5 days per week (41% reduction), or HIIT 3 days per
week (51% or 1% protocol dependent reduction) (Ramos et al., 2017). This may be due to
the fact that the participants started with higher average baseline z-score values. However, it
should also be noted that the post-intervention average z-score in the current study was
lower compared to the Ramos et al. study, despite a markedly reduced duration of
intervention.

Components of the metabolic syndrome z-score include fasting plasma glucose,
triglycerides, waist circumference, mean arterial pressure, and high density lipoprotein
content. We observed significant improvements in triglycerides and mean arterial pressure,
while fasting glucose and waist circumference tended towards a significant reduction. The
improvement in MAP was provoked by a significant reduction in diastolic blood pressure of
~5.5 mmHg following the intervention. Notably, this was achieved in a cohort where
significant hypertension was not present. We did not observe changes in systolic blood
pressure or heart rate, however, the duration of the intervention may have been too short to
achieve significant improvements in these outcomes. Nonetheless, the reduction in diastolic
blood pressure represents a significant reduction in mortality risk, especially stroke risk
(Lindenstrom et al.,, 1995). The reduction in diastolic blood pressure may represent a novel
early adaptation to F-HIT style exercise, compared to HIIT/SIT, in T2D or metabolic
syndrome as several recent reports utilizing 12- and 15 week HIIT or SIT interventions
showed no change in diastolic blood pressure (Stensvold et al., 2010; Mitranun et al., 2014;
Mohr et al., 2014), though notably systolic pressure was reduced in a 12 week intervention
(Mohr et al., 2014). In a 6-week aerobic conditioning and HIIT intervention, diastolic blood
pressure was reduced in older, healthy sedentary men, however, the reduction was observed
in the conditioning component and no further reduction was observed following HIIT (Grace
etal., 2017).

Similar to previous HIIT interventions in participants with T2D or metabolic syndrome
reductions in fat mass (Stensvold et al,, 2010; Terada et a/., 2013; Mitranun et al., 2014;
Mohr et al., 2014) and plasma triglycerides (Freese et al., 2015) also contributed to the
lowering of cardio-metabolic risk and this was associated with reductions in VLDL
cholesterol. The mechanism for decreased plasma lipids is unclear, though improved adipose
tissue health is likely to be a factor. Our observation of altered adipokines - increased HMW
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adiponectin and reduced plasma resistin - support the possible contribution of improved
adipose tissue function leading to improved lipid profiles and overall metabolic health.
Enhanced whole body fat oxidation may also have contributed to reductions in
cardiometabolic risk. Increased fat oxidation is a common adaptation to endurance exercise
(Holloszy & Booth, 1976; Henriksson, 1977; Calles-Escandon et a/., 1996; Lund et al.,
2017) and our data suggests that this adaptation is preserved after F-HIT. This increase in fat
oxidation may be attributable, at least in part, to the increases in HMW adiponectin. HMW
adiponectin is a known insulin sensitizer and increases oxidative capacity by signaling
through Sirtl and AMPK, key cell mediators of mitochondrial biogenesis in muscle that
contribute to increased mitochondrial mass (Iwabu et a/, 2010). Indeed the consistent
relationship between HMW-adiponectin, fat oxidation, and insulin resistance, both in cross-
sectional studies (Cnop et al., 2003) and following exercise training programs (Kelly et al.,
2012; Navaneethan et al., 2015), a relationship that is replicated in the current study, support
the hypothesis that mitochondrial adaptations are central to the reductions in insulin
resistance and cardio-metabolic risk in individuals with and without T2D, though the exact
mechanism remains elusive (Holloszy, 2009; Dela & Helge, 2013).

In summary, this proof of principle study suggests that F-HIT, performed under controlled
supervised conditions, is an effective means of improving insulin sensitivity and reducing
cardiometabolic risk in individuals with T2D. Moreover, F-HIT may provide a time efficient
method for reducing the metabolic burden of T2D.
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NEW FINDINGS
What is the central question of this study?

The goal of this study was to examine whether short-duration, high-intensity exercise
training that it combines functional aerobic and resistance exercises into training sessions
lasting 8-20 minute could benefit individuals with type 2 diabetes.

What is the main finding and its importance?

Here we show that Functional High Intensity Training improves insulin sensitivity and
reduces cardiometabolic risk in individuals with type 2 diabetes. These data suggest that
this type of exercise training may be an effective exercise mode for managing T2D. The
increase in insulin sensitivity addresses a key defect in T2D.
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Figure 1.
Relative heart rates for 5 individuals during the “deck of cards” workout (Session 12).

During this workout participants performed a set of exercises determined by deck of cards.
In this example, & = Kettlebell Swings; # = Squats; ® = Push Ups; 4 = Sit Ups; Joker =
10 Burpees, and the number of reps performed was determined by the value of the card, ie.
84 =8 Sit Ups. Participants alternated between flipping a card and performing the exercise
with a partner until the deck was finished.
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Figure 2.
A) ISloeTT Was significantly increased and B) metabolic syndrome severity was reduced

following the 6-week intervention. Data are Mean+SD. *P<0.05
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Figure 3.
A) Fat oxidation and B) HMW adiponectin are significantly increased following the

intervention. Data are Mean+SD. *P<0.05
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Figure 4.
Correlation between pre- to post-intervention changes in ISIggTT and A. plasma HMW

adiponectin (rho = 0.70; P<0.05) and, B. whole body fat oxidation (rho = 0.86; P<0.05).
Data were analysed using a Spearman’s rank correlation.

Exp Physiol. Author manuscript; available in PMC 2019 July 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Fealy et al.

Table 1

Example workouts performed by participants during the 6-week F-HIT intervention

Page 19

Day 2 Day 11 Day 16
Warm Up: 3 sets; 15 reps Warmup
. 5 Rollouts ) 3 sets; 10 reps
. Wall ball sit up
. 5 Dumbbell Press . Sampson Stretch
. Overhead Squat
. 5 Dumbbell Push ] . Overhead Squats
Press . KB swing
. GHD Sit-Ups
. Hip Extension
. Pull Ups
. Dips
WOD: 5 sets; 1 min per exercise: . .
. Fight Gone Badl min/ . Grace
. Row for calories exercise; 3 sets i
>>Clean and jerk
. Sit ups >>Row for calories
« 30 reps; ground to
. Squats >>Wall ball overhead; for time
>>Sumo deadlift high
pull
>>Push Press
>Box Jump
Cool down: | 3 sets: . » Wall ball (25) 30 reps each:
. Maximum Plank > . Situp
hold
. Squat
. Flutter kick

Mountain Climbers
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Participant demographic and anthropometric characteristics, and blood pressure responses before and after six

weeks of F-HIT training. Data are Mean%SD.

Variable PRE POST P-value
Sex (M/F) 5/8 - -
Age (years) 53+7 - -
Height (cm) 168.7+10.1 - -
Weight (kg) 98.2+11.8  96.5+9.2 0.09
BMI (kgem™2) 34.543.6 34.0+3.1 0.11
Waist circumference (cm)  110.7+12.3  108.7+11.7 0.11
SBP (mmHg) 133.8+47.7 132.8+123 073
DBP (mmHg) 81.0+5.1 75.4+7.1 <0.01
MAP (mmHg) 98.6+5.1 94.6+7.8 <0.05
Pulse Pressure (mmHg) 52.8+6.9 57.4+10.3 0.06
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Total and regional fat and lean mass distribution before and after 6-weeks of F-HIT training. Data are Mean

+SD.
Variable PRE POST P-value
Total Fat Mass (kg) 430+8.8 40.747.9  <0.001
Android Fat (kg) 48+1.1  4.4%0.9 <0.05
Gynoid Fat (kg) 6.8+2.1  6.4+2.0 <0.01
Arms Fat (kg) 46+1.2 44%13  0.09
Legs Fat (kg) 11.7#19 11.0+#1.7 <0.0001
Trunk Fat (kg) 244450 23.1+45 <0.05
Total Fat-Free Mass (kg) 55.247.8 55.5+6.8 0.63
Android Lean (kg) 3.8+0.7 3.7£0.9 0.68
Gynoid Lean (kg) 7.6£1.5 7.7£1.3 0.68
Arms Lean (kg) 6.4+1.3 6.4+1.3 1.00
Legs Lean (kg) 18.3+t1.4 18.6%1.7 0.41
Trunk Lean (kg) 254436 256432  0.58
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Blood biochemistry changes before and after a 6-week F-HIT intervention. AUC values were determined from
a 3-hour OGTT. All other measures were taken in the morning following an overnight fast. Data are Mean

+SD.
Variable PRE POST P-value
tAUC Glucose “(mmoleL=1e3h) ~ 2783.7+706.6 2578.4+619.8  0.20
iAUC Glucose (mmolsL1e3h) 1049.8+216.9  1038+210.4 0.85
tAUC Insulin J‘(pucm|_-1.3h) 10859+8031  12355+10850 0.16
iAUC Insulin ‘(uuomL-la?,h) 846417403 8555+8763 0.88
Triglycerides (mgedL™1) * 146.7+88.3 110.8+64.9  <0.05
Cholesterol (mgedL ™) 176.9+30.3 160.4+£32.7 0.11
VLDL cholesterol (mgedL™) " 29.3£17.6 22.2+13.0 <0.05
LDL cholesterol (mgedL™%)" 96.7+26.1 87.1£29.9 0.15
Resistin (ngemL™) 6.4+4.9 5.6+4.4 <0.05
Creatine Kinase (UsL™) 83.4+17.3 116.2+67.9 <0.05

E
denotes that data was analyzed using the non-parametric Wilcoxon signed rank test.
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