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ABSTRACT

Black, LE, Swan, PD, and Alvar, BA. Effects of intensity and
volume on insulin sensitivity during acute bouts of resistance
training. J Strength Cond Res 24(4): 1109-1116, 2010-This
study evaluated the effects of various resistance exercise
protocols on 24-hour postexercise insulin sensitivity. Seventeen
participants with impaired fasting glucose (100-125 mg/dL)
completed 4 separate bouts of resistance exercise under
moderate intensity (65% 1 repetition maximum [1RM]) or high
intensity (85% 1RM) conditions within the confines of single set
and multiple set protocols. Intravenous fasting blood was taken
at baseline and 24 hours postexercise for each exercise
condition to measure fasting plasma glucose (GO0) and fasting
serum insulin (I0) to calculate insulin sensitivity (homeostasis
model assessment-insulin resistance = (G0*10)/405). A minimum
of 3 days washout was given between each exercise protocol.
A 4 x 2 factorial analysis of variance was performed to compare
insulin sensitivity and fasting glucose within subjects and
between treatments. All of the exercise protocols improved
subsequent insulin sensitivity (p = 0.002) and GO (p = 0.001).
In comparison with single set, there was a significantly greater
decrease in GO (p = 0.021) 24 hours after multiple set bouts.
High intensity showed significant decreases in insulin sensitivity
as compared with moderate intensity protocols (p = 0.046).
Effect size data suggest a dose response relationship between
program variables of volume and intensity and 24-hour post-
exercise insulin sensitivity. High-intensity protocols resulted in
greater effect sizes for insulin sensitivity (0.83 multiple set; 0.53
single set) as compared with moderate-intensity protocols. The
high-intensity, multiple set bout yielded the greatest treatment
effect in both fasting glucose (0.61) and insulin sensitivity
(0.83). Overall, single set protocols were less effective than
multiple set protocols in lowering fasting blood glucose.
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Findings suggest a dose-response relationship between
volume and intensity on insulin sensitivity and fasting blood
glucose. Results indicate that resistance exercise is an effective
treatment for acutely enhancing insulin sensitivity and regulating
blood glucose in individuals with impaired fasting glucose.

Key WoRDSs diabetes, glucose, single set, multiple set,
effect size

INTRODUCTION

rediabetes, a condition characterized by impaired

fasting glucose or impaired glucose tolerance,

currently affects over 54 million US adults ages

40 to 71 (35). Furthermore, individuals with
prediabetes are at an increased risk for heart disease and
are likely to develop type 2 diabetes within 10 years if steps
toward prevention are not taken. Past findings indicate that
lifestyle modification, including exercise, healthy diet, and
behavior modification, decreases risk of developing type
2 diabetes by 58% (12).

Aerobic exercise has been shown to improve insulin action,
delay pancreatic exhaustion, and may slow the progression of
prediabetes to type 2 diabetes (1). Research suggests that
exercise-induced increases in glucose uptake may reflect the
percentage and type of fiber recruitment along with the
metabolic stress on active muscle fibers, all factors of intensity
(13,31), and has shown that high-intensity compared with
moderate-intensity aerobic exercise may have a more pro-
nounced effect on improving insulin sensitivity in participants
with type 2 diabetes. However, high-intensity aerobic
exercise is often contraindicated in this population because
of increased risk of physiologic complications or additional
comorbidities (18,26). In addition to the medical risk, there is
alack of definitive research to substantiate that high-intensity
significantly improves insulin sensitivity over less-intense
bouts (4).

One of the theories as to why exercise enhances insulin
sensitivity is that depleted muscle glycogen stores after
a single intense exercise bout initiates increased glucose
uptake in the skeletal muscle, resulting in enhanced insulin
sensitivity (31). Substrate use and glycogen stores are the
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main determinants of this physiologic response. Exercise-
eliciting metabolic responses that predominantly depend on
carbohydrates as the main fuel source (phosphocreatine and
anaerobic glycolysis systems) theoretically will produce
a greater effect on insulin sensitivity. In contrast, there are
studies that suggest that the key to optimal gains in insulin
sensitivity with exercise training is a result of the accumulated
benefit of multiple bouts of exercise, moving the focus from
intensity to duration (4,21,27). Currently, the intensity and
duration of exercise needed to elicit the optimal improve-
ment insulin sensitivity is unknown. In addition, there is little
data examining these dose-response relationships between
resistance exercise and insulin sensitivity and fasting blood
glucose (4,27,33).

Acute benefits gained from high-intensity training include
increased demand for circulating blood glucose, greater usage
of muscle glycogen stores (increasing glycogen resynthesis
and storage capacity), and increased daily energy expenditure
(aiding in weight loss) (31), which occur independently of
changes in insulin action. Uptake of glucose into the cell is
mediated by a transporter protein known as GLUT4. The
translocation of GLUT4 from intracellular storage sites to the
cell surface is regulated by plasma insulin. Decreased insulin
sensitivity within the cells, which is characteristic of diabetes,
significantly reduces the impact of insulin on GLUT4
movement. However, recent studies have supported prior
findings suggesting an insulin-like effect in GLUT4 transport
as a result of muscle contraction (37). Early research
indicated that long-term resistance training interventions
enhanced the GLUT4 signaling pathway (19,30). However,
data from more recent studies have shown GLUT4 to have
a very short half-life, with signaling changes occurring rapidly
in response to a single bout of exercise (20,28).

Gvien the weight-related limitations facing the majority of
people with prediabetes, certain exercise modalities may not
be appropriate (36). Weight-bearing exercise may be re-
stricted or contraindicated because of a decreased exercise
capacity caused by poor cardiovascular fitness or pre-existing
musculoskeletal pain or injury. An alternative mode in which
body weight is supported, such as resistance exercise, may be
able to effectively improve insulin sensitivity and prevent
diabetes onset without exacerbating pre-existing cardiovas-
cular or musculoskeletal issues (22,36).

Although impaired fasting glucose (100 mg/dL - 125
mg/dL) is recognized as an independent marker of risk for
developing type 2 diabetes, a clear-cut resistance exercise
prescription for the treatment and prevention of type 2
diabetes is lacking (12,21). The unknown definitive effects
of resistance training on glucose regulation and insulin
action are currently curtailing these eftforts. The purpose
of this research was to measure the acute effects of 2
different resistance exercise intensities (moderate vs. high)
under 2 different volumes (single set or multiple set) on
24-hour insulin sensitivity in individuals with impaired
fasting glucose.
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METHODS

Experimental Approach to the Problem

Participants were used as their own controls in a randomized
2 X 2 factorial analysis of variance (ANOVA) crossover
design. This design was selected to compare insulin sensitivity
and fasting glucose within subjects and between treatments.
Each training day tested a separate treatment condition
denoted by changes in program variable combinations
(intensity-high/low and volume-single/multiple sets). Mea-
sures of insulin sensitivity and fasting blood glucose 24 hours
postexercise were selected as indicators of acute metabolic
changes in response to single bouts of exercise.

Subjects

Seventeen participants, male and female, between the ages of
18 to 45 years were recruited from the Phoenix metropolitan
area. Initial prescreening was conducted at Arizona State
University in a fasting state 24 hours postexercise using a One-
Touch Ultra glucometer (LifeScan, Inc., Milpitas, CA, USA)
to verify fasting blood glucose levels within the range of 100 to
125 mg/dL. Volunteers were excluded from the study if their
fasting blood glucose was less than100 gm/dL or greater than
125 mg/dL, they had a history of smoking, cardiovascular
disease, renal or liver disease, were taking hypoglycemic or
hypertensive medication, or had any conditions that would be
contraindicative of exercise. Participants had little or no prior
experience with strength training before the study. All
participants were classified as sedentary: no regular physical
activity (3 days/wk for =20 min) for at least 6 months before
beginning the study. No differences in age or body mass index
(BMI) were found between sexes at baseline. There were
differences in body fat percentage in which higher values were
recorded for females, whereas body weight was greater in
males (Table 1). Written physician consent was required from
each participant before beginning the study. Each participant
was informed of the potential risks associated with the study
and signed an informed consent before participation. The
experimental methods and procedures were approved by the
human subjects institutional review board of the university.

Procedures

There were a total of 2 orientation days and 4 exercise testing
days over a total of 4 to 5 weeks. The first orientation day was
conducted 1 week before testing for anthropometric measure-
ments, orientation to the resistance training exercises, and
dietary recall instructions. Anthropometric measurements
collected included body composition (Bod Pod), height, and
weight. To familiarize participants with the protocol, each
person was shown a demonstration of each lift followed by
instruction and practice repetitions to assure proper tech-
nique. At the end of the first session, participants were taught
how to keep a 24-hour dietary recall. Using this initial recall as
a reference, participants were told to closely duplicate this
same recorded daily intake 24 hours before each of the
subsequent 3 sessions. In addition, participants were required
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TaBLe 1. Subject characteristics and baseline measures.*f

Baseline measures

Men Women Combined

Measure (n=12) (n=>5) (n=17)
Age (yr) 28 = 11.3 32.4 + 9.8 29.9 + 9.6
BMI (kg/mQ) 31.3 £ 5.7 28.2 + 5.07 304 £ 5.6
Weight (kg) 95.2 = 16.9 75.6 = 18.68 90.0 = 18.8
Body fat: 27.8 £ 7.7 39.9 = 10.3§ 30.9 £ 10.6
Mean fasting glucose (mg/dL)

Pre-exercise 99.3 £ 84 93.2 £ 6.3 97.2 £ 8.2

Postexercise 98.5 + 8.7 915+ 5.9 96.4 + 8.0
Mean fasting insulin (UIU/mL)

Pre-exercise 12.8 = 1.8 7.4 = 3.1 10.8 = 1.3

Postexercise 111 = 6.3 6.3 = 2.5 9.4 + 21
Mean HOMA

Pre-exercise 26 *1.8 1.7 = 0.7 2.3 *1.6

Postexercise 2115 1.3+ 04 1.7 +1.2

*HOMA = homeostasis model assessment.
tData are means = SD.

tMeasured using BOD POD (Mdoel 1SD-06-M), computed by way of Siri model (%fat = [4.95/Db — 4.50]*100).

§Significant sex difference, p < 0.05.

to adhere to a 12-hour overnight fast preceding each blood
draw. Participants were not permitted to exercise in between
sessions. Caffeine consumption was restricted 24 hours before
all blood draws because previous studies have shown that it
may interfere with normal substrate use.

Each participant attended a second orientation day at
which they were further familiarized with the lifting tech-
niques. During this session, a 5 repetition maximum test was
conducted for the bench press, leg press, squat, lat pull-down,
and shoulder press. Test values were used to determine
appropriate weights for each successive exercise session (2).
There was no weight progression for any of the exercises
throughout the study.

The resistance exercise protocol design comprised multi-
joint exercises targeting each of the major muscle groups.
Lower-body exercises included squats, horizontal leg press,
lunges, and step-ups. Upper-body exercises included bench
press, lat pull-downs, shoulder press, and upright rows. Free-
weight variations were used (except with the lat pull-down
and the horizontal leg press) because of the additional
demands placed upon secondary stabilizer muscles, enhanc-
ing overall muscle contraction. Moderate-intensity protocols
were determined at 65% of participants estimated 1 repetition
maximum. At this intensity, participants performed 12 to 15
repetitions for all 8 exercises. The high-intensity protocol was
set at 85% of the estimated 1 repetition maximum, requiring
participants to complete 6 to 8 repetitions of each exercise.
Volume was determined by number of sets performed for each
exercise. Single and multiple (4) set designs were paired with
moderate and high intensity to create the 4 protocols.

For each exercise testing day, the participant reported to
the laboratory for an intravenous blood draw to evaluate
baseline measures of serum insulin and blood glucose. Then,
the participants consumed a high-glycemic pre-exercise meal
consisting of a bagel and orange juice (6 0z) to minimize
transit time of glucose from ingestion into the blood stream.
Participants were given 20 minutes between the meal and
beginning the resistance exercise portion of the session.
Participants performed 1 of 4 randomly selected resistance
exercise protocols each testing day lasting between 30 and 55
minutes. Twenty-four hours after exercise session, partic-
ipants reported to the research laboratory for a second fasting
blood draw. The 24-hour postexercise blood draw examined
plasma glucose and serum insulin levels.

Participants participated in a maximum of 2 exercise
sessions per week for consecutive weeks until all 4 protocols
had been completed. A minimum washout of 72 hours was
used between test days to prevent a carryover effect from
previous testing (5). All resistance exercise sessions were
conducted in a climate-controlled setting in a weightlifting
laboratory.

Measurement

Anthropometry. Height (cm) and weight (kg) were determined
at baseline to calculate BMI as weight (kg)/height (m?).
Height was measured using a wall-mounted stadiometer.
Weight was taken on a calibrated digital scale.

Body Composition Assessment. Fat mass, lean mass, and body
density were measured using whole body air displacement
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TasLE 2. Effect sizes of standardized differences.*

Magnitude Difference in means
Trivial <0.2
Small 0.2-0.5
Moderate 0.5-0.8
Large >0.8

*Adapted from Cohen, Statistical Power Analysis for
the Behavioral Sciences (2nd ed.), 1988.

plethysmography (Bod Pod) (Life Measurements, Concord,
CA, USA). Body composition analysis was estimated with
subjects in a fasted state using the Siri (1961) model (%fat =
[4.95/Db - 4.50]*100) designated for general population
using predicted lung volume values.

Blood Glucose and Insulin Sensitivity. Venous blood samples
were taken from the antecubital vein in the morning between
6:00 AM and 9:00 AM. The fasting blood draw from each
testing day was used as the baseline for the ensuing bout of
resistance exercise. Blood samples were spun in a centrifuge
for 15 minutes and refrigerated. Special attention was paid to
assure that the integrity of the blood samples were not
compromised by having the samples delivered daily to an
internationally certified laboratory for analysis. Fasting

plasma glucose (GO0) and insulin concentrations (11) were
determined using glucose oxidase assays and enzyme
immunoassays (Roche, Indianapolis, IN, USA), respectively.

Insulin sensitivity was calculated from the homeostasis
model assessment (HOMA)-IR equation developed by
DeFronzo et al. (11) in 1979. This equation estimates insulin
sensitivity from fasting glucose and fasting insulin values and
maintains a correlation value with the clamp method of
r=0.60 (11).

Statistical Analyses
Normality of variables was assessed by the Shapiro-Wilk test
in this 4-way (randomized) repeated measures design.
Differences of pre-exercise insulin sensitivity were compared
with 24-hour postexercise within subjects and between
treatments using a 2 x 2 factorial ANOVA. The factors used
in subject comparisons included treatment and time (pre- and
24-hr postexercise). Statistical analyses were performed using
SPSS 15.0 for Windows (Chicago, IL, USA). Results are
expressed as the mean *+ §D, with significance shown at p =<
0.05. In the case of a significant treatment effect, paired #tests
were conducted to determine significant differences between
individual measures using the Bonferroni post hoc test.
Effect sizes (ES) were calculated according to Cohen’s
d (1969) and the standardized mean difference. Effect size
represents the difference between pre- and post-treatment
means divided by the variability among the sample (29). The
purpose of this analysis was to increase the applicability of
the research to the health care professional. Results are

TasLe 3. Changes in metabolic indices pre- and postexercise.*t

Intensity (by volume) Pre Post A
65% 1RM (single set)
Mean fasting glucose (mg/dL) 96.0 + 8.8 94.4 £ 9.2 -1.6 = 0.6
Mean fasting insulin (UIU/mL) 98 + 75 123 + 7.5 2.5+ 0.0
Mean HOMA 1.9 £ 1.06 1.45 = 0.69 —0.45 = 0.37
65% 1RM (multiple set)
Mean fasting glucose (mg/dL) 97.3 + 7.7 94.3 = 9.9 —3.0 = 2.2°
Mean fasting insulin (UIU/mL) 9.6 + 45 8.4 + 3.3 -1.2+1.2
Mean HOMA 2.27 £ 0.96 1.98 = 0.80 —0.29 = 0.18
85% 1RM (single set)
Mean fasting glucose (mg/dL) 96.4 + 8.3 94.8 + 55 -1.6 = 2.8
Mean fasting insulin (UIU/mL) 10.4 = 6.8 7.6 =54 -28+*1.4
Mean HOMA 2.05 = 0.81 1.58 = 1.50 —0.47 = 0.69?
85% 1RM (multiple set)
Mean fasting glucose (mg/dL) 99.1 + 9.8 96.4 + 8.7 —2.7 +1.1:°
Mean fasting insulin (UIU/mL) 11.0 = 8.2 8.1 +29 —2.9 £ 533
Mean HOMA 2.41 = 1.30 1.59 = 0.72 —0.82 = 0.58%

*1RM = 1 repetition maximum; HOMA = homeostasis model assessment.

tData are means = SD.

iSignificant difference between pre- and postmeasures, p = 0.05.

2Significant difference between corresponding-volume groups at 65% intensity (p < 0.05).
PSignificant difference between corresponding-intensity, single set group (p < 0.05).
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TasLE 4. Effect size data.

Single set Multiple set
Measure A (65% 1RM) B (85% 1RM) C (65% 1RM) D (85% 1RM)
Fasting glucose 0.1761 0.1992 0.3865 0.7216
Fasting insulin —0.3359 0.42 0.2513 0.366
HOMA —0.2898 0.4158 0.3399 0.8342

*1RM = 1 repetition maximum; HOMA = homeostasis model assessment.

reported for fasting glucose and insulin sensitivity across all
4 protocols. Magnitude of gain was determined according
to previously established ES scale shown in Table 2 (8,9).

RESULTS

Subject Characteristics

There were no significant differences in baseline fasting
glucose levels between males and females across each of the
4 exercise protocols (p = 0.804). A total of 17 participants
were selected for this study. During the testing period, 2 sub-
jects were unable to complete all 4 protocols (1 because of
injury unrelated to testing and 1 because of a change in work
schedule). Thus, all data represent a total of 15 individuals.

Insulin Sensitivity and Fasting Blood Glucose
Pre- and postexercise and change values for fasting glucose,
fasting insulin, and insulin sensitivity (HOMA) are shown in
Table 3. All exercise protocols improved subsequent insulin
sensitivity (—.62 * 1.02, p=0.002), fasting glucose (—4.87 *
0.14, p=0.025), and fasting insulin (—2.25 = 2.14, »=0.001).
There was no significant between-subjects interaction by
bout for insulin sensitivity, fasting glucose, or fasting insulin.
Significant differences were found when intensity protocols
were combined and grouped into single set or multiple set
bouts. In comparison with single set protocols, repeated
measures ANOVA revealed a significantly greater decrease in
fasting glucose (p= 0.021) after multiple set bouts. There was
also a significant within-subjects interaction showing greater
decreases in fasting insulin (» = 0.046) after high-intensity
bouts when controlling for load. Load was calculated by
multiplying the weight lifted by the number of repetitions
and sets completed. Repeated measures ANOVA revealed no
statistical significance (p < 0.05) between groups across all
other measures.

Effect Sizes

Effect sizes computed for fasting glucose, fasting insulin, and
HOMA across all 4 protocols are shown in Table 4.
According to Cohen’s & and the standardized mean differ-
ence scale (Appendix D), high-intensity protocols produced
moderate to large ES. Low-intensity protocols produced

trivial to moderate ES. When grouped according to intensity,
high-intensity protocols resulted in greater ES for fasting
insulin (Multiple Set (MS) = 0.67; Single Set (SS) = 0.47) and
insulin sensitivity (MS = 0.83; SS = 0.53) as compared with
moderate-intensity protocols for both multiple set and single
set protocols. High-intensity, multiple set bout yielded the
greatest treatment effect in all 3 metabolic variables: fasting
glucose (0.61), fasting insulin (0.67), and insulin sensitivity (0.83).

DiscussioN

In this study, a 4-way crossover design was used to compare
the acute effects of moderate-intensity resistance exercise
versus high-intensity exercise within the confines of a single
set and a multiple set protocols on the 24-hour postexer-
cise insulin sensitivity in individuals with elevated fasting
blood glucose levels. It was hypothesized that all forms of
resistance exercise would improve 24-hour postexercise insulin
sensitivity uptake as compared with baseline in individuals
with elevated blood glucose. Findings from this study
indicated that 24-hour postexercise fasting glucose, fasting
insulin, and insulin sensitivity were improved in individuals
with impaired fasting glucose. More specifically, high inten-
sity significantly improved insulin sensitivity, whereas higher
volume achieved with multiple sets significantly reduced
fasting blood glucose. In addition, ES calculated for individual
bouts suggest a possible dose-response relationship between
participant workload and magnitude of change in fasting
glucose and insulin sensitivity. Significant improvements after
all bouts indicate that resistance exercise is an effective modal-
ity for improving insulin sensitivity 24 hours postexercise.
Although exercise is known to be efficacious for those with
diabetes, an optimal prescription for the treatment and
prevention of type 2 diabetes does not exist. It is also unknown
whether resistance training is as effective as aerobic exer-
cise for improving glucose tolerance and insulin resistance.
Before the current study, little research has directly compared
the high-intensity resistance exercise with the American
College of Sports Medicine recommendations of low- to
moderate-intensity protocols (10). In addition, there has been
a lack of research looking at the health related benefits
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resulting exclusively from resistance exercise. Past interven-
tion trials are difficult to compare in terms of specific improve-
ments from resistance exercise because many have combined
aerobic and resistance training without comparing a controlled
condition. These designs are not conducive for differentiating
gains achieved through each of the separate modes of training,
yet greater improvements in glucose uptake acquired through
combined training as compared with aerobic training only
imply an additive benefit from resistance exercise (23).

Exercise intensity is known to greatly impact physiologic
functions contributing to glucose regulation and insulin
sensitivity independent of changes in insulin. The clear dose-
response relationship between exercise intensity and insulin
sensitivity shown in this study is supported by previous
research describing the efficacy of higher-intensity protocols
for improving insulin sensitivity and fasting glucose control
(7,14,17,22). The results from this study reveal that high-
intensity exercise up to 85% 1 repetition maximum improves
insulin sensitivity significantly more than moderate intensity
in both multiple and single set designs. A number of studies
using aerobic exercise have provided analogous evidence to
the current study regarding intensity, suggesting consistent
improvements in glycemic control are seen exclusively at
intensities between 70% and 90% of 1 repetition maximum
regardless of modality (6,21,25).

The inverse relationship between volume and intensity
when considering the body’s natural capacity to do work
provided the rationale for examining single versus multiple set
protocols in this study. Higher volume in the current study
produced greater changes in 24-hour postexercise fasting
glucose when intensity was held constant. This suggests that
volume has an additive effect on fasting glucose independent
of intensity. In addition, these data support the use of multiple
set resistance exercise protocols. One mechanism proposed
to explain this additive effect is that of caloric deficit at any
given intensity. Greater energy demands incurred by higher
volumes require more blood glucose and muscle glycogen
usage for fuel resulting in greater overall muscle glycogen
depletion.

To aid in the interpretation of the clinical importance of the
study results ES were calculated. Effect sizes provide clini-
cians and health fitness professionals with tangible values to
compare intervention efficacy. These values can help opti-
mize the design of exercise treatment and prevention pro-
grams for individuals with impaired fasting glucose. In the
case of predominantly 1-directional (positive) physiologic
responses, identification of the protocol eliciting the greatest
gain provides a vital step in understanding the effectiveness of
the trial. When comparing high- and low-intensity exercise
protocols, high intensity yielded greater improvements in
fasting insulin and insulin sensitivity. The high-intensity,
multiple set bout was shown to have the greatest ES. This
finding is supported by studies demonstrating a relationship
between improved metabolic control and number and
magnitude of muscle contractions.
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To make proper recommendations for exercise prescrip-
tion, the specific length of the treatment effect must be
determined. This study was designed to identify the acute
changes acquired from a single session of exercise. It was not
a training study. There were no significant differences in
baseline values after each 3-day washout period, suggesting
there was no carryover training effect between the exercise
session and that repeating exercise bouts daily, or perhaps
every other day is necessary to regulate blood glucose in those
with impaired fasting glucose. This recommendation is
supported by reports demonstrating that when the exercise
stimulus is removed, improvements in insulin sensitivity
deteriorate to levels shown before exercise (5,17,32). The
acute nature of the insulin response to exercise may be caused
in part by the short halflife of GLUT4, which is largely
responsible for improved glucose uptake during exercise (12).
Studies examining short-term exercise training (<7 days)
have shown increases in insulin action before any recorded
change in body composition (3). Thus, a minimum recom-
mendation of 2 sessions per week, without a concomitant
weight loss diet, has been suggested as enough to sustain
enhanced insulin sensitivity and fasting glucose in individuals
with impaired fasting glucose (22,34).

Despite the wealth of support for integrating higher-
intensity resistance exercise in clinical populations to enhance
glucose clearance, moderate-intensity aerobic rather than
high-intensity resistance exercise is often prescribed for fear of
exacerbating comorbidities such as coronary heart disease
(36). However, high-intensity protocols have been shown to
be safe and effective in improving metabolic measures as
compared with control groups of dietary or pharmacologic
intervention. In addition, resistance training has been shown
to increase adherence particularly in obese individuals and
persons with musculoskeletal or orthopedic limitations, the
population for which glucose control is also recommended
(5,7,14,17,36).

This study contributes considerably to the emerging
research surrounding the effectiveness of resistance training
for persons with prediabetes. Although identified by the
American Diabetes Association as being at elevated risk for
developing type 2 diabetes, research on this subpopulation
remains scarce. Moreover, this study is the first to provide
a direct comparison of moderate- and high-intensity re-
sistance exercise on acute changes in insulin sensitivity in the
aforementioned population.

PRACTICAL APPLICATIONS

In summary, this study indicates that resistance exercise is
efficacious for lowering 24-hour fasting blood glucose levels
and improving insulin sensitivity in individuals with impaired
fasting glucose. Higher volume, as achieved through multiple
set protocols, was shown to be the most effective for acute
regulation of blood glucose in individuals with impaired
fasting glucose. Also, resistance exercise decreased -our
fasting glucose without a concomitant change in insulin. This
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supports the theory of increased glucose uptake independent
of insulin action after exercise. The bulk of the previous
research suggests that acute rather than chronic exercise is
responsible for the beneficial effects on postexercise glucose
control. In concert with current findings, whole-body
resistance exercise may incur greater muscle contraction
and fiber recruitment than aerobic exercise of the same caliber
intensity. Also, the weight supported feature of performing
resistance exercise may protect against joints in those
overweight and untrained individuals who may have pain
or limitations associated with weight bearing exercise. In
addition, muscular strength has been shown to be inversely
proportional to indices of the metabolic syndrome in-
dependent of cardiorespiratory fitness levels (24), providing
further justification for using resistance exercise programs.
Previous studies have also provided substantial evidence of
higher participant compliance rates in resistance exercise
programs compared with aerobic exercise programs (14,16).
Thus, resistance exercise is clearly supported as an exercise
modality for people with impaired fasting glucose. These
preliminary results suggest that high-intensity, multiple set
resistance exercise programs may emerge as the prescription
of choice for individuals with impaired fasting glucose.
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