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Abstract The aim of the present study was to determine
whether a single session of resistance exercise improves
whole-body insulin sensitivity in healthy men for up to
24 h. Twelve male subjects (231 years) were studied
over a period of 4 days during which they consumed a
standardized diet, providing 0.16+0.01 MJ-kg '-day™"
containing 15+0.1 energy% (En%) protein, 29+0.1
En% fat and 55+0.3 En% carbohydrate. Insulin sen-
sitivity was determined 24 h before and 24 h after a
single resistance exercise session (8 sets of 10 repetitions
at 75% of 1 repetition maximum for two leg exercise
tasks) using an intravenous insulin tolerance test. Insulin
sensitivity index was calculated by the decline in arterial
blood glucose concentration following intravenous
administration of a single bolus of human insulin
(0.075 TUkg " fat free mass). Basal glucose and insulin
concentrations were not changed up to 24 h after the
resistance exercise. However, a substantial 13+5%
improvement in whole-body insulin sensitivity was ob-
served, 24 h after the resistance exercise (P <0.05). This
study shows that even a single session of resistance ex-
ercise improves whole-body insulin sensitivity for up to
24 h in healthy men, which is consistent with earlier
observations following endurance exercise tasks.
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Introduction

Skeletal muscle tissue is responsible for most of the
insulin-stimulated glucose uptake in humans. The
capacity for insulin-mediated glucose uptake is directly
related to total muscle mass and inversely associated
with fat mass (Yki-Jarvinen and Koivisto 1983). In type
2 diabetes patients, insulin-stimulated glucose uptake is
substantially impaired in liver and skeletal muscle tissue,
leading to the development of a hyperinsulinemic and/or
hyperglycemic state (DeFronzo et al. 1983). The devel-
opment of insulin resistance (IR) and/or type 2 diabetes
is strongly associated with the presence of obesity and
physical inactivity (Eriksson and Lindgarde 1996; Hu
et al. 2001; Mokdad et al. 2001). Weight loss (Good-
paster et al. 1999; Houmard et al. 2002; Niskanen et al.
1996), increased physical activity (Henriksen 2002) as
well as pharmacological interventions (Hundal et al.
2000; Inzucchi et al. 1998; Saltiel and Olefsky 1996) have
been shown to form effective strategies to improve
insulin sensitivity.

Studies investigating the role of physical activity as a
means to improve the insulin sensitivity generally apply
endurance exercise as a model. Endurance exercise al-
lows the use of a relatively large amount of muscle for
a prolonged period of time, and, as such, forms a safe
and effective means to elevate energy expenditure and
promote weight loss (Dumortier et al. 2003). Prolonged
endurance exercise training has been shown to improve
insulin sensitivity in young (Dela et al. 1992), elderly
(Kahn et al. 1990) and/or insulin-resistant subjects
(Borghouts et al. 1999; Dela et al. 1994, 1995; Hughes
et al. 1993; Perseghin et al. 1996; Rogers et al. 1988).
However, even a single bout of moderate-to-high-
intensity endurance exercise has been shown to acutely
improve insulin sensitivity and/or glucose tolerance



(Devlin et al. 1987; Devlin and Horton 1985; Heath
et al. 1983; Mikines et al. 1988; Perseghin et al. 1996).
This effect has been reported to persist for a period
ranging from 2 h (Mikines et al. 1988), 46 h (Wo-
jtaszewski et al. 2000), 12-16 h (Devlin et al. 1987
Devlin and Horton 1985; Heath et al. 1983) to 48 h
post-exercise (Mikines et al. 1988; Perseghin et al.
1996).

In contrast to endurance exercise, limited informa-
tion is available on the potential of resistance exercise
to affect insulin sensitivity and/or glucose tolerance
(Smutok et al. 1993, 1994). Some studies have dem-
onstrated that 6-12 weeks of progressive resistance
training improves glucose tolerance (Craig et al. 1989;
Fenicchia et al. 2004; Miller et al. 1984). These changes
are generally attributed to the concomitant gain in
skeletal muscle mass. Unfortunately, the few studies
that investigated the more acute effects of resistance
exercise have provided contradictory findings. Whereas
some have reported an improved glucoregulatory re-
sponse, 12-24 h after a single bout of resistance exer-
cise (Fenicchia et al. 2004; Fluckey et al. 1994), others
have failed to observe any change in insulin sensitivity
(Chapman et al. 2002). The apparent discrepancy in the
literature is likely due to the methods used to determine
insulin sensitivity and/or glucose tolerance. Most
studies have applied an oral glucose tolerance test
(OGTT) as a surrogate measure of insulin sensitivity.
However, the OGTT has been reported to have a
questionable reproducibility (Ko et al. 1998). In con-
trast to the OGTT, the insulin tolerance test (ITT)
directly measures insulin sensitivity (Hirst et al. 1993)
and has been validated using the euglycaemic hype-
rinsulinemic clamp (Akinmokun et al. 1992). Therefore,
in the present study we applied the ITT to investigate
the short-term effects of a single resistance exercise
session on whole-body insulin sensitivity.

Methods
Subjects

Twelve healthy male volunteers with no history of
having participated in any regular exercise program
were recruited for the present study. Subject charac-
teristics are shown in Table 1. All subjects were in-
formed of the nature and possible risks of the
experimental procedures before their informed consent
was obtained, the latter after approval by the Medical
Ethical Committee of the Academic Hospital Maas-
tricht, The Netherlands.

Pre-testing
All subjects reported to the laboratory in the morning

after an overnight fast, for measurement of body
composition, assessed using the hydrostatic weighing
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Table 1 Subjects characteristics

Age (years) 23.0+1.0
Weight (kg) 743+2.8
Height (m) 1.79+0.02
BMI (kg'm2) 23.1+0.7
% bodyfat (%) 17.1£2.2
Fat free mass (kg) 61.2+1.8
Fat mass (kg) 13.1+1.9
HbA ¢ (%) 5.23+0.08
IRM leg press (kg) 198 +8
IRM leg press (kg BW ™) 2.67+0.08
1RM leg extension (kg) 108 +4
1RM leg extension (kg BW™) 1.46+0.05

Values are expressed as means = SEM

method. Residual lung volume was measured by the
helium-dilution technique using a spirometer (Volu-
graph 2000, Mijnhart, Bunnik, The Netherlands). Body
weight was measured with a digital balance with an
accuracy of 0.001 kg (E1200, August Sauter GmbH,
Albstadt, Germany). Body fat percentage was calcu-
lated using Siri’s equation (Siri 1956). Fat free mass
(FFM) was calculated by subtracting fat mass from
total body mass.

Thereafter, subjects participated in an exercise trial to
become familiarized with the exercise protocol and the
equipment. The proper lifting technique was demon-
strated and practiced for each of the two lower-limb
exercises (leg press and leg extension) and for the three
upper-body exercises (chest press, shoulder press and
lat-pulldown). Thereafter maximum strength was esti-
mated using the multiple repetitions testing procedure
(Mayhew et al. 1993). In another session, at least 1 week
before the first experimental trial, subjects’ 1 repetition
maximum (IRM) was determined (Kraemer and Fry
1995). After warming up, the load was set at 90-95% of
the estimated 1RM, and increased after each successful
lift until failure. A 5-min resting period between sub-
sequent attempts was allowed. A repetition was valid if
the subject was able to complete the entire lift in a
controlled manner without assistance.

Standardized diet and activity prior to testing

All subjects received a standardized diet for 4 days, i.e.
the day prior to the ITT (on day 1), the ITT (on day 2),
the resistance exercise session (on day 3), and the second
ITT (on day 4), which were performed at exactly 8.30
a.m. in the morning after an overnight fast. Subjects
were provided with a pre-weighed amount of food
products, beverages, and instant meals and were allowed
to drink water ad libitum. They were also instructed to
take all main meals (breakfast, lunch, and dinner) and
between-meal snacks at predetermined time intervals
during each day. Subjects were asked to record their
food intake during the entire testing period. Energy in-
take averaged 0.16+0.01 MJkg bodyweight !-day !
containing 15+0.1 Energy% (En%) of protein, 29+0.1
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En% of fat and 55+0.3 En% of carbohydrate. Energy
intake did not differ significantly between days, even
though subjects were free to increase or decrease the size
of all meals and snacks. All volunteers were instructed to
refrain from any sort of heavy physical exercise during
the entire period except for the resistance exercise ses-
sion.

Experimental trials

An overview of the study protocol is provided in Fig. 1.
One week after the subjects completed their 1RM-test,
insulin sensitivity was measured using a short ITT.
Twenty-four hours after the ITT, subjects exercised for
~1 h using the resistance exercise machines. The resis-
tance exercise was followed 24 h later with a second
ITT.

Insulin tolerance test

The day before and after the resistance exercise ses-
sion, subjects arrived at the laboratory by car or public
transportation (to avoid disturbances in insulin sensi-
tivity due to physical activity: i.e. cycling, stair walk-
ing) at 8.00 a.m. after an overnight fast. A Teflon
catheter was inserted into an antecubital vein for
insulin infusion and a second Teflon catheter was in-
serted retrogradely in a dorsal vein of the contralateral
hand which the subject had to hold in a hot-box
(60°C), for arterial blood sampling. After 30 min of
bed rest in an inclined position, a basal blood sample
was collected (r=-5). Another blood sample (z=0)
was obtained before administration of a single intra-
venous dose of human insulin (Actrapid, Novo Nor-
disk A/S, Bagsvaerd, Denmark) of 0.075 IUkg™' fat

Fig. 1 Overview of the study design. All subjects received a
standardized diet during the entire study period; prior to the day
preceding the first insulin tolerance test (/77) (day 1), the ITT (day
2), the resistance exercise session (day 3), and the second ITT (day
4), which were performed at exactly 8.30 a.m. in the morning after
an overnight fast. All volunteers were instructed to refrain from
any sort of heavy physical activity during the entire period (6 days)
except for the resistance exercise session

free mass. Thereafter, blood samples were collected
every 2 min until =16 min. Thereafter, the test was
terminated and subjects consumed a standardized
breakfast.

Blood samples were taken for blood glucose mea-
surement (see Analysis section). In addition, blood
glucose concentrations were directly monitored using a
blood glucose monitor (Precision Xtra, MediSense,
Amersfoort, The Netherlands) at =0, 6, 12, 16 min.
If blood glucose <2.5mmol 17! at r=16 a 10 ml
bolus of 20% dextrose (Baxter B.V., Utrecht, The
Netherlands) was injected to prevent severe hypo-
glycaemia. Blood glucose was checked again at 22 min
and 30 min after the insulin injection. No subjects
reported symptoms of hypoglycaemia during the ITT,
and/or during the 20-30 min after insulin administra-
tion.

Resistance exercise

The day after the first ITT subjects arrived at the
laboratory by car or public transportation at 8.00
a.m., in an overnight fasted state. Subjects performed
a general warm-up of 5 min using a Stairmaster, fol-
lowed by three sets of ten repetitions on three resis-
tance exercise machines targeting the upper-body
(chest press, shoulder press and lat-pulldown, Jimsa
Benelux BV, Rotterdam, The Netherlands). The latter
were included to provide a whole-body warm-up and
to reduce the risk of injury. Thereafter, the resistance
exercise session targeted the legs, with eight sets of ten
repetitions on the horizontal leg press machine
(Technogym BV, Rotterdam, The Netherlands) and
eight sets of ten repetitions on the leg extension ma-
chine (Technogym). Both exercises were performed at
75% of the subjects’ individual 1RM with 2-min rest
intervals between sets and in total required ~40 min
to complete. All subjects were verbally encouraged
during the test to complete the entire protocol. At the
end of the exercise session, subjects consumed a
standardized breakfast. Energy expenditure during the
exercise session was not measured. Based on indirect
calorimetry measurements during similar resistance
exercise protocols, others have shown energy expen-
diture rates ranging between 14 kJ'min~' and
27 kJ'min~! (Ballor et al. 1988; Burleson et al. 1998;
Pichon et al. 1996).

No heavy physical activity ([except for the single bout of resistance exercise) |

Standardization diet.

0.16 Mlkg': 15 En®% protein, 29 En% fof and 55% cabohydiate

Day -1 Dav 0



Analysis

Blood samples (4 ml) were collected in tubes containing
a glycolytic inhibitor (sodium fluoride) and anticoagu-
lant (potassium oxalate), and placed on ice. After cen-
trifugation at 1,000g and 4°C for 5 min aliquots of
plasma were frozen immediately in liquid nitrogen and
stored at —80°C until analyses. Plasma glucose (Uni Kit
II1, 07367204, Roche, Basel, Switzerland) concentra-
tions were analyzed with the COBAS FARA semi-
automatic analyzer (Roche). Plasma insulin was mea-
sured by radioimmunoassay (HI-11K, Linco Research
Inc., St. Charles, MO, USA). To determine basal fasting
blood HbAlc content a 3 ml blood sample was collected
in EDTA containing tubes and analyzed by high-per-
formance liquid chromatography (Bio-Rad Diamat,
Munich, Germany).

Calculation of insulin sensitivity

The decline in blood glucose between 4 min and 16 min
during the ITT was used to determine the insulin sen-
sitivity (Borghouts et al. 1999). Linear regression was
used to calculate the slope of the decline in log trans-
formed blood glucose concentration against time during
the first 4-16 min (Akinmokun et al. 1992; Borghouts
et al. 1999; Hirst et al. 1993). The slope was multiplied
by —100 to derive the rate constant (Kypt) which is
equivalent to the percentage decline in blood glucose per
minute (Hirst et al. 1993).

Insulin sensitivity was also estimated by the homeo-
stasis model assessment or HOMA-(IR) index which is
calculated by dividing the product of fasting plasma
glucose (mmol1™") and insulin concentrations (mU-1~")
by 22.5 (Matthews et al. 1985).

Statistics

All data are expressed as means = SEM. IS;,4ex and
Kyt calculated from data obtained during ITT1 and
ITT2 were compared using a two-tailed, paired #-test. In
addition, simple regression analysis was performed to
calculate correlations between basal insulin, glucose,
ISinqex and HOMA index. Statistical significance was set
at P<0.05.

Results
Resistance exercise

Mean 1RM measured during the pre-testing was
198 + 8 kg on the horizontal leg press and 108 =4 kg on
the leg extension. Therefore, average weights used dur-
ing the resistance exercise were 148 £6 kg and 81+3 kg
for the leg press and leg extension, respectively. All
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subjects completed eight sets with ten repetitions on the
leg press. However, during the sixth set, two subjects
could not finish all ten repetitions, after which weight
was reduced down to 65% of the individual IRM. Ten
subjects completed eight sets of ten repetitions on the leg
extension. Two subjects were not able to finish the last
two sets due to dizziness.

Plasma analysis

All subjects showed normal fasting plasma glucose
(5.42+0.13 mmol1™") and insulin concentrations
(5.35+£0.43 mU1™"), before the start of the first ITT.
Basal plasma glucose concentrations were similar be-
fore the ITT1 and ITT2 trial (5.42+£0.13 vs. 545+
0.10 mmol1™", respectively). Basal plasma insulin con-
centrations did not differ between the ITT1 and ITT2
(5.35+0.43 mU1™" and 551 +£0.35mU1"", respec-
tively). The HOMA-(IR) index before ITT1 and ITT2
averaged 1.29+0.11 and 1.33+£0.08, respectively (NS).
An overview of the plasma data is presented in
Table 2.

Intravenous insulin tolerance test

During the first ITT, the administration of insulin re-
sulted in a decline in plasma glucose concentrations
from 5.27+0.11 mmol-~! at t=4 min to
3.00+0.18 mmol1™" at 7= 16 min. During the ITT, 24 h
after the resistance exercise (ITT2), plasma glucose
concentrations were reduced from 5.26+0.10 mmol-1~"
at t=4 min to 2.734+0.19 mmol1~! at =16 min. Plas-
ma glucose levels at 1= 16 min were significantly lower
in ITT2 compared to ITT1 (P<0.05). The decline in
blood glucose concentration is presented in Fig. 2.

Calculated rate constants for the glucose disappear-
ance (Kitt, % min~') between 4 min and 16 min fol-
lowing insulin injection during a short ITT before, and
24 h after resistance exercise are shown in Fig. 3a. Kirr
values were significantly increased with 13.4+4.8% 24 h
post-exercise compared to  pre-exercise values
(5.140.4%min"" vs. 5.8+0.5%min"', P<0.05). The
individual Kjpr values of blood glucose after insulin
administration during the ITT before and 24 h after
resistance exercise are shown in Fig. 3b.

Table 2 Blood parameters

ITT1 ITT2
Basal glucose (mmol- 171) 5.44+0.12 5.45+0.10
Glucose at =16 (mmol- 17" 3.00+0.18 2.73+0.19%
Kirr (% min~h) 5.07+£0.37 5.77+0.53*
Basal insulin (mU17") 5.35+0.43 5.51+0.35
HOMA-(IR)-index 1.29+0.11 1.33+0.08

Values are expressed as means = SEM
Significantly different from ITT1, P<0.05
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Fig. 2 Plasma glucose concentrations following injection of a bolus
of insulin 0.075 TU-kg ™' fat free mass 24 h before and 24 h after a
single bout of resistance exercise. Values are expressed as
means = SEM. * Significantly different from basal blood glucose
concentrations during /771 and ITT2 (P<0.01)

Discussion

It has been well established that a single bout of
endurance exercise improves whole-body insulin sensi-
tivity for up to 24 h. In the present study, we extend on
those findings by showing that a single session of resis-
tance exercise can also effectively increase whole-body
insulin sensitivity for up to 24 h in healthy males.
Endurance exercise training has been reported to
improve whole-body insulin sensitivity in young (Dela
et al. 1992), elderly (Kahn et al. 1990) and insulin-
resistant subjects (Borghouts et al. 1999; Dela et al.
1994, 1995; Hughes et al. 1993; Perseghin et al. 1996;
Rogers et al. 1988). The latter is attributed to the con-
comitant induction of weight loss (Dumortier et al.
2003) and the upregulation of skeletal muscle GLUT-4
expression (Cox et al. 1999). Besides the more prolonged
adaptive response to endurance training, it has been
firmly established that even an acute bout of endurance
exercise elevates whole-body insulin sensitivity for a
prolonged period, ranging from 2 (Mikines et al. 1988),
4-6 (Wojtaszewski et al. 2000), 12-16 (Devlin et al. 1987,
Devlin and Horton 1985; Heath et al. 1983) to up to
48 h following cessation of exercise (Mikines et al. 1988;
Perseghin et al. 1996). The latter is generally attributed
to attenuated muscle GLUT-4 translocation (Thorell
et al. 1999) as well as increased GLUT-4 expression in
muscle tissue (Kraniou et al. 2000). Factors thought to
play a major regulatory role in this process include
muscle lipid content (van Loon 2004) in relation with
physical inactivity, AMPK activation (Fryer et al. 2002;
Hayashi et al. 2000; Winder 2001), muscle glycogen
content and subsequent activation of glycogen synthase
activity (Bogardus et al. 1983; Derave et al. 2000; Gar-
cia-Roves et al. 2003; Perseghin et al. 1996; Wo-
jtaszewski et al. 1997, 2000), which enhance insulin
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Fig. 3 Mean rate constants for the disappearance (Kirt) of blood
glucose following insulin injection during a short insulin tolerance
test (IT7T) before, and 24 h after resistance exercise (a). Values are
expressed as means = SEM. * Significantly different from values
observed during ITT1 (P <0.05). Individual results showing Kyt
values of blood glucose after insulin administration during the ITT
before and 24 h after resistance exercise (b)

signalling downstream of the receptor (Goodyear and
Kahn 1998; Henriksen 2002).

In addition to prolonged endurance training, resis-
tance exercise interventions have also been reported to
improve glucose tolerance and/or whole-body insulin
sensitivity (Craig et al. 1989; Dunstan et al. 2002; Fe-
nicchia et al. 2004; Holten et al. 2004; Ishii et al. 1998;
Miller et al. 1984). The latter is generally attributed to a
concomitant gain in skeletal muscle tissue, which im-
proves whole-body glucose disposal capacity (Craig
et al. 1989; Fenicchia et al. 2004; Miller et al. 1984).
Besides this increase in lean muscle tissue, resistance
exercise also improves functional capacity, thereby
supporting a more active and healthy lifestyle. However,
in the development of most exercise intervention pro-
grams, the focus generally lies on the implementation of
endurance exercise, because of its acute stimulating ef-
fect on whole-body insulin sensitivity. Consequently,
endurance exercise sessions are generally implemented at
the expense of resistance exercise when designing such
intervention programs. In the present study, we specu-



lated that a single resistance exercise session could also
acutely improve whole-body insulin sensitivity. The
latter would imply that there is no need to restrict the
inclusion of resistance exercise when designing effective
lifestyle intervention programs.

So far, the few studies that investigated the acute
effects of resistance exercise on insulin sensitivity have
provided contradictory findings (Chapman et al. 2002;
Fenicchia et al. 2004; Fluckey et al. 1994). In the present
study, we show that a single resistance exercise session
(mainly consisting of 16 sets of leg-exercise using 75% of
the individual 1RM) improves whole-body insulin sen-
sitivity by as much as 13.4+4.8% when measured 24 h
after exercise. However, a large inter-subject variation
was observed. Whereas five subjects did not show a
measurable increase in plasma glucose clearance 24 h
after resistance exercise, the other seven subjects showed
improvements in insulin sensitivity ranging between
13% and 49%. The average increase in whole-body
insulin sensitivity following resistance exercise seems to
be of a similar magnitude as the ~20% improvement
reported following an acute (~60 min) bout of endur-
ance exercise (Mikines et al. 1988; Perseghin et al. 1996).
Previous studies, investigating the acute effects of resis-
tance exercise on insulin sensitivity, have applied either
oral (Fenicchia et al. 2004; Fluckey et al. 1994) or
intravenous (Chapman et al. 2002) glucose tolerance
tests (OGTT and IVGTT, respectively) to estimate
insulin sensitivity. These studies, which use the glucose
and/or insulin response following glucose administration
as a representative of insulin action, have provided dis-
crepant findings. Fluckey et al. (1994) reported no
change in integrated glucose concentrations following
glucose ingestion 18 h after resistance exercise, but ob-
served a lower insulin response (Fluckey et al. 1994).
Fenicchia et al. (2004) reported a lower glucose response
12-24 h after resistance exercise in female type 2 dia-
betes patients, without observing any difference in
insulin levels. In that study as well as in a study by
Chapman et al. (2002) no changes in glucose or insulin
responses were observed 15 h after a single bout of
resistance exercise in the healthy, non-obese, normo-
glycaemic controls (Chapman et al. 2002; Fenicchia
et al. 2004). Clearly, in the literature the acute effects of
resistance exercise on whole body insulin sensitivity have
always remained equivocal.

The discrepancy in these earlier findings could likely
be attributed to the use of glucose tolerance tests, which
do not measure insulin sensitivity directly. In accor-
dance, the OGTT has been reported to have a ques-
tionable reproducibility as a measure of whole-body
insulin sensitivity (Ko et al. 1998). Therefore, in the
present study, we applied an intravenous ITT 24 h be-
fore and 24 h after performing a resistance exercise
session. We observed a greater arterial blood glucose
clearance rate following an intravenous dose of insulin
24 h after resistance exercise compared with pre-exercise
values (Fig. 3). During the ITT, insulin sensitivity index
was calculated by the observed decline in arterial blood
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glucose following insulin administration. In contrast to
the OGTT, the ITT provides a reproducible method that
more directly assesses insulin sensitivity (Hirst et al.
1993), and has been validated using the euglycaemic
hyper-insulinemic clamp (Akinmokun et al. 1992). Other
factors that might explain the discrepant findings in the
literature include the intensity and/or duration of the
resistance exercise session, the standardization of dietary
intake and daily physical activities as well as the popu-
lation studied. The resistance exercise protocol used
both by Fluckey et al. (1994) and Chapman et al. (2002)
may not have been of sufficient intensity to invoke a
large significant improvement in whole body insulin
sensitivity as observed in the present study. Further-
more, many of the earlier studies did not standardize
food intake and/or physical activity prior to the OGTTs
(Fenicchia et al. 2004; Fluckey et al. 1994). In the
present study, both food intake and physical activity
were strictly standardized to reduce any confounding
effects of diet on insulin sensitivity.

In the present study we show that resistance exercise
acutely stimulates insulin sensitivity. Similar to the re-
ported effects of a single bout of endurance exercise,
this is likely attributed to attenuated muscle GLUT-4
translocation (Thorell et al. 1999) and/or elevated
GLUT-4 expression (Kraniou et al. 2000). Though
information on the metabolic demand imposed upon
by resistance exercise is scarce, we speculate that,
resistance exercise activates AMPK and substantially
reduces muscle glycogen and/or IMTG content. More
research is warranted to elucidate the exact mechanisms
responsible for the observed increase in insulin sensi-
tivity following exercise. In conclusion, an acute bout
of intense resistance exercise substantially improves
whole-body insulin sensitivity for up to 24 h after
cessation of exercise. Therefore, the present data indi-
cate that both endurance as well as resistance type
exercise tasks stimulate insulin sensitivity. As such,
there should be no restriction in combining the benefits
of both types of exercise in future lifestyle intervention
programs.
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