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Abstract Suspension training is a combination of unique training movements aimed at improving strength, endurance,
coordination, flexibility, power, and core stability within a single workout. Suspension training is marketed as a
cardiovascular and resistance training exercise modality performed like a circuit-training workout, in which a series of
exercises are performed in rotation with minimal rest time. Objective: The purpose of this study was to determine the effects
of a suspension training workout on physiologic and metabolic markers of intensity and performance. Methods: Twelve
male subjects (22.0 ± 0.7 years) participated in a 60-minute whole body interval-based suspension training workout while
connected to a metabolic cart. Lactate was measured before, at mid point, and various times following exercise. Results: The
average heart rate (HR) during the work out was 69±2 % of estimated max. Blood lactate levels rose to 8.0±0.5 mmol/L at
mid point, and remained elevated during the work out. The caloric expenditure was 340.9±13.6 kcals, or 5.3±0.4 kcal/min
with a respiratory exchange ratio1.03±0.01. Conclusions: These data indicate that a suspension training workout with a 30
sec: 60 sec work to rest ratio provides at least a moderate-intensity cardiovascular workout while some data suggest a higher
intensity workout is achieved.
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1. Introduction
The exercise industry continues to grow with new
products, exercise machines, equipment, and programs that
are being developed by researchers, coaches, and fitness
franchises. The Sports and Fitness Industry Association
(SFIA) reports that in 2013, Americans spent over $80
billion on the sporting goods industry with a majority of that
money spent on product innovation and fitness gear [1]
(SFIA, 2013). Most of these products and concepts are fads
that come and go, but occasionally a new idea emerges in
exercise training that shows promise.
A comprehensive fitness program will encompass all
components of physical fitness, including flexibility, body
composition, muscular strength and endurance, and
cardiovascular fitness. Suspension training is a novel form of
exercise training that has the potential to train all
components of physical fitness in one interval-style workout.
Most suspension training systems use a combination of
unique training movements where the user’s hands or feet
are supported by a single anchor point while the opposite end
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of the body is in contact with the ground. (See Picture 1.)
Suspension training provides support and mobility to
potentially improve strength, endurance, flexibility, and core
stability within a single workout. Suspension training can be
utilized by all fitness levels and is currently being used in
fields such as physical therapy, occupational therapy, sports
training, coaching, recreational fitness, and the military. The
popularity and portability of suspension trainers necessitates
that research be completed so that they can be used to their
fullest capacity in rehabilitation, fitness, or home settings.
Suspension training was designed as a cardiovascular and
resistance training exercise modality, most similar to a
circuit training workout, in which a series of exercises are
performed in succession with minimal rest between exercises
[2]. Unlike other resistance training methods, resistance
training movements using suspension trainers require
prolonged static and/or dynamic contractions of core
musculature in order to perform. Additionally, suspension
training differs from traditional cardiovascular exercise
because it is completed in an interval fashion, usually with a
1:2 work to rest ratio (30 seconds of exercise followed by 60
seconds of rest) completed over the course of 30 – 60
minutes. There is limited research available on the impacts of
suspension training, with the majority addressing muscle
activation and biomechanics of single movements [3, 4]
while other literature suggests it is effective as a training tool
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at improving endurance and core strength [5].
Exercise elicits various physiologic and metabolic
responses, all of which depend on the intensity and duration
of the effort and the modality of choise. A few of these
responses include substrate utilization, caloric expenditure,
and lactate production. By measuring the changes in heart
rate (HR), blood pressure (BP), blood lactate, oxygen
consumption, and carbon dioxide production of the
individuals performing a suspension training workout, the
physiologic and metabolic stress placed on the body can be
estimated. In the current study, HR, BP, lactate, and oxygen
consumption were monitored for physiologic and metabolic
changes throughout the training session using the 1:2 work to
rest ratio (30 seconds exercise and 60 seconds rest)
recommended by the manufacturer.
Given the use of suspension training in elite athletes [6]
and its popularity in the fitness world [7, 8] our purpose was
to describe the physiologic and metabolic responses of a
single suspension training workout. Caloric expenditure,
heart rate, blood pressure, expired gas analysis and blood
lactate was measured during and after a typical one-hour
suspension training workout.

2. Methods
The Citadel’s Institutional Review Board (IRB) approved
all methods for the study. All training took place in the
Human Performance Laboratory at The Citadel. All 12 male
subjects (22.0 ± 0.7 years, 176.7 ± 2.3 cm, 79.4 ± 3.0 kg, 13.6
± 1.3% body fat) who completed the study were active and
self-reported that they participated in a structured
exercise-training program for at least three days/week during
the 12 months prior to the study. In the week prior to the
study, subjects participated in two practice sessions with the
suspension trainer to familiarize themselves with the 23
exercises that they would be asked to perform for the study.
The practice sessions lasted one hour and were led by a
trained research team member.

Picture 1. Subject performing an upper body exercise while attached to a
metabolic cart. The anchor point was a bar securely bolted to the wall while
the subject’s hands were supported by the suspension trainer’s handles and
the subject’s feet were planted on the floor

Each study participant completed the suspension training
workout according to a protocol commonly prescribed by
Fitness Anywhere, Inc. [2]. Exercise sessions and rest
periods were completed individually and were monitored by
the research team during all phases of the study. Body
composition, IV catheter placement, and facemask fitting
were all completed prior to the workout on the day of testing.
Body mass was measured using a digital scale accurate to the
nearest 0.1 kg. The subjects’ body composition was analyzed
using the BodPod®, which was calibrated prior to use. All
testing followed the manufacture’s protocols.
A heparinized venous catheter was securely placed in a
superficial forearm vein of each subject’s right arm,
connected to a 2-way valve and secured with appropriate
wrap. A 2 milliliter blood sample was drawn to remove
waste fluid. Following this, 10mL blood samples were drawn
prior to the workout, midpoint, post-workout, 30 minutes
post, 60 minutes post, and 120 minutes post workout for
determination of lactate (Lactate Plus, Nova Biomedical).
Heparinized saline (50 U/mL) was administered to the IV
catheter post blood draws to protect the catheter from
clotting [9].
The subject was fitted with the proper size facemask and
connected to the flow-over indirect calorimeter metabolic
cart (ParvoMedics®). This metabolic cart permits almost
complete mobility with minimal agitation, allowing the
subject to complete the suspension training exercises without
restriction. The calorimeter was calibrated for flow daily
with a syringe. The gas analyzers were calibrated with two
primary standard span gases (4% CO2, 16% O2, and 26% O2
balance N2). Expired air was collected using the facemask,
which was connected to the calorimeter by leak proof tubing
[10]. Data was averaged every 30 seconds and stored on a
computer.
During testing the subject was asked to lie on the floor and
relax so that data could be recorded for 30 minutes to provide
resting metabolic rate (RMR). Continuous expired gases
were collected and analyzed using open-circuit spirometry to
determine VO2 and Respiratory Exchange Ratio (RER) [11].
Conditions were strictly regulated to avoid factors that could
affect RMR including the time of the day, prior exercise,
food consumption, room temperature, light, and stress. The
time of day for the study was set for the morning to help
eliminate additional energy expenditure from the thermic
effect of food and non-exercise physical activity [12, 13].
Subjects were asked to refrain from eating on the morning of
the study and were asked to abstain from exercise and
alcohol the day prior to testing.
The exercise portion of the study was broken into two
30-minute segments with the same 23 exercises performed in
each set in the same order. The subject performed each
exercise for 30 seconds followed by a 60 second rest. The set
began with chest and back exercises and then progressed to
leg exercises. Shoulder and arm exercises followed and the
subjects finished with core-specific exercises (see Table 1).
Upon completion of each 30-minute suspension training set,
HR, BP, and lactate were recorded.
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Once the exercise portion of the testing was complete, the
subject was asked to sit and not speak for two hours to obtain
data for determining their exercise post oxygen consumption
(EPOC). HR, RER, BP and expired gases were collected four
times during this two hour post-exercise time frame:
immediately post, post 30 minutes, post 60 minutes, and post
120 minutes [11]. Polar® heart rate monitors were used to
record HR during and after the exercise sessions.
Table 1.

Suspension Training Protocol

Exercise

Time Exercising

Time Between
Exercises

TRX Squat

0:30

1:00

Single Leg Lung (R)

0:30

0:00

Single Leg Lung (L)

0:30

1:00

Inverted Push-Up

0:30

1:00

Atomic Push-Up

0:30

1:00

Chest Press

0:30

1:00

Back Row

0:30

1:00

Single Row (R)

0:30

0:00

Single Row (L)

0:30

1:00

Swimmers Pull

0:30

1:00

Triceps Press

0:30

1:00

Preacher Triceps

0:30

1:00

High Bicep Curl

0:30

1:00

Pronated Bicep Curl

0:30

1:00

Hamstring Curl

0:30

1:00

Hip Press

0:30

1:00

Hamstring Bicycle

0:30

1:00

W- Row

0:30

1:00

T- Row

0:30

1:00

Suspended Pendulum

0:30

1:00

Side Plank Reach (R)

0:30

0:00

Side Plank Reach (L)

0:30

1:00

Overhead Back Extension

0:30

Total Time

11:30

19:00

2.1. Statistical Analysis
All data was entered into Microsoft Excel for data
reduction. Data was analyzed (SigmaSat 3.5) using repeated
measures ANOVA to assess changes within group means
and over time. Tukey’s Test was used for post hoc analysis.
The significance level was set at α = 0.05.

3. Results
3.1. Heart Rate
As expected HR rose from rest (70 ± 4 bpm) to mid
exercise (127 ± 5 bpm) and remained significantly (P<.05)
higher than rest immediately post exercise (129 ± 3 bpm) and
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even out to 30 minutes post exercise (83 ± 3 bpm). However,
by 60 minutes post exercise HR had returned to baseline and
remained there out to 120 minutes. (See Figure 1) When
looking at APMHR (expressed as % of APMHR using the
equation 208 - 0.7 x age) during the exercise intervals, it was
found that the HR average was 74% ± 2% and this dropped to
65% ± 2% during the rest intervals. For the overall
60-minute suspension training exercise session APMHR was
69.3% ± 2%. (See Figure 3)
3.2. Blood Pressure
Predictably, the suspension training workout caused a
significant (P<.05) increase in SBP from rest (121 ± 4
mmHG) to mid exercise (134± 5 mmHG) and rapidly
returned to baseline levels at the remaining time points.
Conversely, DBP was significantly (P<.05) lower than
baseline (79 ± 3 mmHG) at mid (68 ± 3 mmHG), post (70 ± 2
mmHG), post 30 (70 ± 2 mmHG) and post 60 (71 ± 2 mmHG)
and returned to baseline levels by post 120 (P>.05). (See
Figure 3)
3.3. Blood Lactate
Resting blood lactate levels were below 1 mmol/L (0.9 ±
0.1) and were significantly (P<.05) elevated at the mid (8.0 ±
0.5 mmol/L) and immediately post (8.1 ± 0.7 mmol/L) time
points. During seated recovery, blood lactate remained
elevated over rest at post 30 (3.0 ± 0.4 mmol/L) and post 60
(1.7 ± 0.5 mmol/L) and finally returned to pre exercise levels
at post 120 (P>.05). (See Figure 1)
3.4. Respiratory Exchange Ratio
The average RER at rest was 0.85±0.01 and this rose to
1.03±0.01 during the suspension training workout. As
expected RER dropped during the 120-minute post exercise
rest period to 0.75±0.01). (See Figure 4)
3.5. Caloric Expenditure
Caloric expenditure was highest during the exercise
portion of the test, in terms of both total calories burned
340.9±13.6 kcals and rate (5.4±0.02 kcal/min or 4.3±0.1
kcals/kg). Recovery showed an increase in calories burned
per unit body weight compared to rest (2.13±1.1
kcal/kgvs0.53±0.02 kcals/kg), while both had similar
expenditure rates per minute (1.41±0.07 kcals/min for
recovery and 1.41±0.05 kcal/min for rest). Subjects did
expend a total of 150.6±9.2 kcals during the recovery period.
(See Figure 5)
3.6. Oxygen Consumption
Oxygen consumption was 3.59±0.11 L/min during rest
and increased to 13.8±0.4 L/min during the exercise session.
Average consumption returned to baseline levels (3.76±0.19
L/min) during the 120-minute recovery. (See Figure 6)
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Heart Rate and Lactate Responses During
and Following Suspension Training Workout
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Figure 1. Heart rate and lactate responses during and following a suspension training workout. Heart rate and lactate were measured immediately before
the session (Pre), at the 30 minutes midpoint for the TRX® session (Mid), immediately after the session (IP), 30 minutes after the session (Post 30), 60
minutes after the session (Post 60), and 120 minutes after the session (Post 120). # Indicates difference from pre for HR. * Indicates difference from

pre for lactate
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Figure 2. Blood pressure response during exercise and recovery. Systolic Blood Pressure (SBP) and Diastolic Blood Pressure (DBP) were measured
immediately before the session (Mid), immediately after the session (IP), 30 minutes after the session (Post 30), 60 minutes after the session (Post 60), and
120 minutes after the session (Post 120). * Indicates difference from pre
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Figure 3. Percentage of age-predicted maximum heart rate (208 - 0.7 x age) expressed during the 30 second suspension training exercise portions of the
workout (Grand Exercise) and the 60 second recovery portions of the session (Grand Recovery). Total represents the 46 exercise and rest cycles (23
exercises each in set 1 and set 2. * Indicates difference from exercise

1.2

Respiratory Exchange Ratio
*

1.1
1
0.9
0.8
0.7
0.6
RMR

EX

EPOC

Figure 4. Respiratory exchange ratio levels during rest, exercise, and recovery. Respiratory Exchange Ratio (RER) was measured for the Resting
Metabolic Rate (RMR), the Exercise phase (EX) and for Excess Post-exercise Oxygen Consumption (EPOC). * Indicates difference from pre
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Figure 5. Caloric expenditure (kcal/min) was measured during 1) a 30-minute rest phase obtain Resting Metabolic Rate (RMR), 2) the suspension training
exercise session (EX), and 3) during the 2-hour recovery phase to obtain Excess Post-exercise Oxygen Consumption (EPOC). Open-circuit spirometry was
used to determine RER. Caloric expenditure was determined using a flow-over indirect calorimeter metabolic cart (ParvoMedics®) * Indicates difference
from pre
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Figure 6. Oxygen consumption levels during resting metabolic rate, exercise, and exercise post oxygen consumption. Resting Metabolic Rate (RMR) was
measured for 30 minutes prior to the session. The Exercise phase (EX) was measured for 60 minutes. The Excess Post-exercise Oxygen Consumption (EPOC)
was measured for 120 minutes post exercise session. * Indicates difference from pre

4. Discussion
The primary focus of this study was to describe the
physiologic and metabolic changes caused by a single
suspension training session. While this mode of exercise has
become popular in recent years, scant evidence exists to
support, or refute, the claims made about the physiologic and
metabolic effects of suspension training. Changes in HR
during exercise are dependent on the intensity of the exercise
performed. According to the American College of Sports
Medicine (ACSM), an APMHR of 55% - 80% max is
indicative of a moderate intensity cardiorespiratory exercise
[14]. During the suspension training workout portion of the
study, the participants’ HR rose to 74% ± 2% APMHR,

averaged 69.3% ± 2% for the total training session, and never
dropped below ACSM-stated threshold for moderate
intensity exercise. These data indicate a moderate intensity
cardiorespiratory stimulus produced by this workout. Only
modest decreases in HR were observed during the 60-second
rest periods that followed each 30-second exercise bout.
During cardiovascular exercise, systolic BP will increase
progressively with intensity, whereas diastolic BP will
increase only slightly. During strength training exercises,
both systolic and diastolic pressures will rise [15]. The
resting SBP of the participants was normal (121 ± 4 mmHg)
and as expected increased during the workout (134± 5
mmHg) and immediately post (124± 5 mmHg). However,
DBP responded differently in that it was lower during
exercise (68 ± 3 mmHg), and didn’t return to baseline levels
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until 120 minutes post exercise (75 ± 1 mmHg). In
attempting to classify the suspension training workout, the
SBP results, as well as the HR data, strongly suggest more of
a cardiovascular-type exercise, yet the DBP does not fit with
this classification. The explanation for the decrease in DBP
is that aerobic exercise results in an acute increase in cardiac
output as well as a decrease in peripheral resistance due to
vasodilation in the exercising muscle. Consequently, as
aerobic exercise intensity increases, systolic BP rises,
whereas diastolic BP remains stable or decreases slightly
[16]. Pooling of blood in the visceral organs and lower limbs
during recovery reduces central blood volume, further
contributing to a reduced post-exercise BP [15].
The amount of lactate produced from exercising muscles
depends on the mode, duration, frequency, and intensity of
the exercise [17], with high lactate concentrations indicating
higher intensity exercise. Blood lactate levels that reach 8 to
10 mmol/L indicate surpassing the lactate threshold and
reaching near maximal exercise effort [15]. Large muscle
groups and small muscle groups tend to vary in the
magnitude of lactate responses, and this can vary based on
the intensity of the workout. Overall, blood lactate levels in
this study peaked at ~8 mmol/L during the workout portion
and took the full two-hour recovery time to return to resting
levels. These results suggest a high intensity workload in
which participants reached, or came close to reaching, lactate
threshold. While the HR and BP data suggest a
moderate-intensity workout, the lactate responses are more
suggestive of higher-intensity work. The explanation for the
apparent disagreement lies in the fact that suspension
training workouts include not only resistance exercises, but
also requires near continuous activation of core and stability
musculature, which would lead to more lactate production
than the HR data alone would suggest.
Indirect calorimetry has been used for years to estimate
the amount of heat produced during (energy utilized)
exercise by measuring the amount of oxygen consumed and
the amount of carbon dioxide eliminated [18]. Utilizing one
liter of oxygen generates 4.82 kcal from a combination of
carbohydrates, lipids, and proteins. Indirect calorimetry
provides two valuable pieces of information germane to this
study: a measure of substrate utilization as reflected by the
respiratory exchange ratio (RER) and a measure of energy
expenditure. The magnitude of the increase in oxygen
consumption is dependent on the duration and intensity of
the activity [15]. The average RER during exercise portion
of the session was 1.03±0.01, indicating a high exercise
intensity (as an RER of 1.1 is a secondary marker of VO2peak).
During recovery, RER values decreased to 0.758, evidencing
an increased reliance on fats and aerobic metabolism.
The exercise portion of the protocol produced oxygen
consumption levels as high as 1.09 L/min, which is 73%
higher than resting values (0.29 L/min). During the recovery
phase, oxygen consumption levels returned to 0.30 L/min
after two hours of recovery. Muscles take longer to reach a
steady rate of oxygen consumption following moderate- to
high-intensity aerobic exercise, which elicits a considerably
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greater oxygen deficit than low intensity exercise. Elevated
oxygen uptake following moderate intensity exercise
sustains the slightly elevated levels of physiologic function
by replenishing high-energy-phosphates depleted during the
suspension-training workout [15]. The average caloric
expenditure during the testing session significantly increased
from 1.41 kcal/min at rest to 5.33 kcal/min during the
workout, and returned to 1.44 kcal/min during the two-hour
recovery phase. These results suggest that the suspension
training workout used in this study was moderate intensity,
given that caloric expenditure during moderate intensity
physical activity for the college-age men generally ranges
from 5.0-7.4 kcal/min [19].
Another variable of interest is excess post-exercise oxygen
consumption (EPOC), which reflects the general disturbance
in the body’s homeostasis caused by exercise. EPOC values
indicate the magnitude of increased rate of oxygen intake
following the suspension training workout that is intended to
negate the body's oxygen deficit caused by the strenuous
activity [15]. Elevated oxygen consumption post-exercise
results in increased energy expenditure that contributes to the
overall metabolic cost of an exercise bout [20]. During the
two-hour recovery period, the average VO2 was 3.76
ml/kg/min, no different than rest (3.59 ml/kg/min),
suggesting there was not an elevated metabolism post
exercise. However, when looking at the first 30 minutes of
recovery, the average VO2 was 4.05 ml/kg/min. The
magnitude of EPOC values is proportional to the intensity of
the exercise performed, thus higher intensity exercise will
elicit a greater EPOC values and will increase the time it
takes for oxygen consumption levels to return to resting
values [20].

5. Conclusions
Based on the data collected from this experiment, the
suspension training workout performed in this study appears
to provide a moderate (based on HR and caloric expenditure)
to high (suggested by lactate data) intensity cardiovascular
workout. The ACSM currently recommends that all healthy
adults accumulate at least 150 minutes of moderate intensity
activity (including cardiorespiratory and resistance exercise)
each week [21]. This study certainly shows that a suspension
training workout will elicit a moderate-intensity
cardiovascular stimulus. Further, the authors theorize that
suspension training can also provide a resistance training
stimulus for most adults, thus making this a viable modality
for achieving recommended physical activity goals.
The benefits of interval training, both from a health and
performance perspective, have been known to scientists for
some time, and are now being realized by the general
population [22]. Interval training leads to adaptive responses
by the body, such as increased blood volume and capillary
proliferation that aid in the delivery of oxygen to working
muscles while muscles develop a higher threshold to lactate
buildup and improve lactate removal [23]. Combined with
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stimulating weight loss, the argument can be made that a
suspension-training exercise program can be a useful tool for
weight loss and improved fitness. Both of which are directly
related to improved health and decreased all-cause mortality.
While more work is needed to determine the effects of
prolonged suspension training programs on cardiovascular
fitness, muscular strength, weight loss, and sport
performance the results of this study lead us to conclude that
suspension training is a simple and effective way for
individuals to burn calories, stimulate cardiovascular
adaptations and achieve a moderate-intensity cardiovascular
workout.
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