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Abstract

Purpose: The purpose of the present study was to investigate the effects of resistance and endurance
training on serum adiponectin and insulin resistance index (SI) in healthy men.
Methods: Twenty-four healthy males (age, 35–48 years) participated in the study. The subjects were
randomly assigned to one of three groups: endurance training group (nZ8), resistance training group
(nZ8) and control group (nZ8). Blood samples were taken in fasting state from all subjects. The
experimental groups performed either endurance or resistance training 3 days a week for 12 weeks.
The endurance training programme included continuous running at an intensity corresponding to
75–85% of maximal heart rate, while resistance training consisted of four sets of circuit weight
training for 11 stations and at an intensity corresponding to 50–60% of one-repetition maximum. The
maximum numbers of repetitions in each station was 12.
Results: There were significant negative correlations between serum adiponectin and body fat
percentage, waist-to-hip ratio, body mass index and the insulin resistance index at baseline, whereas
changes in response to training were not significantly correlated. Both endurance and resistance
training resulted in a significant decrease in the SI in comparison with the control group. However,
serum adiponectin did not change significantly in response to resistance and endurance training.
Conclusion: Endurance and resistance training caused an improvement in insulin resistance in healthy
men, but this improvement was not accompanied by increased adiponectin levels.
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Introduction

Adipose tissue secretes multiple proteins known as
adipocytokines that modulate various biological func-
tions. One of these adipocytokines is adiponectin (1),
which is reduced with obesity, increased insulin resist-
ance, dyslipidaemia and diabetes. Adiponectin may be a
marker for coronary artery disease (2) and seems to have
protective metabolic and anti-inflammatory properties
(3), which prevents atherosclerosis (4).

Physical inactivity is one of the main cardiovascular
risk factors (5). Improvement in cardiovascular function
by physical activity has been attributed to exercise-
induced positive changes in metabolic abnormalities
and risk factors that are associated with atherosclerosis
(5, 6). Adiponectin and insulin sensitivity play an
important role in the development of atherosclerosis (4).
Body weight reduction as a result of endurance training
increases circulating levels of adiponectin, and the
increase in adiponectinaemia is associated with
decrease in body mass index (BMI) and the improve-
ment in insulin sensitivity (7). As another therapy to
increase insulin sensitivity along with weight reduction,
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exercise training might also affect adipocyte metabolism
and result in changes in adiponectinaemia.

It has been established that endurance training
increases insulin sensitivity and causes improvements in
insulin sensitivity. However, there is still controversy with
regard to the effects of endurance training on adiponectin.
For example, different authors have demonstrated no
change (3, 8–11), an increase (12–14) or a decrease (15)
in adiponectin following different training protocols.

In recent years, resistance training or weight training
has become a very popular form of exercise to improve
physical fitness, enhance performance, prevent injuries
and increase muscle size (16, 17). The physiological and
biochemical responses to resistance exercise are
different from those exhibited in response to endurance
exercise (18). There are few studies that have examined
the effects of resistance training on adiponectin and
insulin sensitivity (19–21) and the results are
controversial. For example, recently Klimcakova et al.
(20) have reported no changes in adiponectin concen-
tration in response to 3 months of resistance training,
while Fatouros et al. (19) investigated the effects of
6 months of resistance training with different intensities
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and reported significant increases in adiponectin after
moderate- and high-intensity training but not after low-
intensity training. In addition, Brooks et al. (21)
demonstrated rises in adiponectin concentration after
14 weeks of high-intensity resistance training.

Different forms of resistance exercise induce different
physiological adaptations. Circuit weight training is a
form of resistance exercise that causes improvement in
cardiovascular fitness (22). No previous study has
investigated the effects of these types of training on
insulin sensitivity and adiponectin concentration, and
no previous studies have attempted to compare the
responses of adiponectin and insulin sensitivity to both
resistance and endurance exercise in middle-aged
healthy men. Therefore, the present study was designed
1) to determine and compare the effects of circuit weight
training and endurance training on insulin sensitivity
and adiponectin concentration and 2) to explore the
relationship between adiponectin and body composition
changes in response to these two training protocols.
Materials and methods

Subjects

Twenty-four sedentary obese men who had no regular
exercise for at least 12 months were recruited into this
study. Subjects were randomly assigned to one of the
three groups: endurance training group (41.3G5.1
years; nZ8), resistance training group (40.9G3.2
years; nZ8) or control group (38.6G3.2 years; nZ8).
All subjects were asked to complete a personal health
and medical history questionnaire, which served as a
screening tool. All subjects were non-smokers and had
no history of any kind of medical condition that would
prevent them from participating in the exercise
intervention. The University’s ethics committee
approved the experimental procedures and study
protocols, which were fully explained to all subjects. A
written consent form was signed by each subject after
having read and understood the details of
the experiments.
Experimental design

Following familiarisation, subjects were asked to report
to the laboratory for an additional test session designed
to determine one-repetition maximum (1-RM) for 11
exercises involving the upper and lower body. Maximal
strength was determined using a concentric, 1-RM (23),
as previously described (24). The warm-up consisted of
riding a stationary bicycle for 5 min, two sets of
progressive resistance exercises similar to the actual
exercises utilised in the main experiment, and 2–3 min
of rest accompanied by some light stretching exercises.
After the warm-up, subjects performed the 1-RM test,
and the heaviest weight that could be lifted once using
www.eje-online.org
the correct technique was considered as 1-RM for
all the exercises and used to calculate the percentage
of resistance.
Endurance training

The endurance-training programme consisted of
running at 75–85% of maximal heart rate (HRmax) for
20–30 min per day, 3 days per week, for 12 weeks. The
programme started with 20 min running for the first
few sessions, and this was then changed to 30 min per
session until the end of training. Each training session
was started with a warm-up and finished with a cool-
down. The exercise intensity was controlled by the
authors, using a heart rate monitor, who ensured that it
was between 75 and 85% of HRmax throughout the
trial. The training sessions were performed in University
and were supervised by the researcher.
Resistance training

Two familiarisation sessions were designed to habituate
subjects with the testing procedures and laboratory
environment. The main aim of these sessions was to
familiarise subjects with different resistance exercises
using weight-training machines and also to familiarise
them with performing the 1-RM test. During the
familiarisation sessions, it was ensured that all subjects
used the correct techniques for all exercises prior to taking
part in the main test sessions. Resistance training consisted
of 50–60 min of circuit weight training per day, 3 days a
week, for 12 weeks. This training was circularly performed
in 11 stations and included four sets with 12 maximal
repetitions at 50–60% of 1-RM in each station. Each
exercise and set was separated by 30 s rest. General and
specific warm-up were performed prior to each training
session, as explained for the 1-RM determination, and
each training session was followed by cool-down.
Blood sampling and analysis

Blood samples were obtained from all subjects at 0800 h
after an overnight fast before and after the training
programmes. Post-training blood samples from subjects
in the training groups were obtained 4 days after their
last exercise session. On the days before the blood
samples were taken, subjects were asked to consume a
weight-maintenance diet for 3 days and to avoid
strenuous exercise for 4 days.

Serum glucose concentration was measured using
the glucose oxidase method (glucose B-test, Wako pure
chemical, Osaka, Japan). Serum insulin level was
determined using ELISA technique using a microplate
reader. Fasting sera kept at K80 8C were used to
measure serum adiponectin concentrations by RIA
(Linco Research, St Charles, MO, USA). The intra- and
inter-assay coefficients of variation for adiponectin were
Downloaded from Bioscientifica.com at 05/22/2023 03:53:58PM
via free access



Training modality, adiponectin and insulin sensitivity 627EUROPEAN JOURNAL OF ENDOCRINOLOGY (2007) 157
!5%. Before and after intervention, insulin resistance
in fasting state was determined using a homeostasis
model assessment (HOMA-IR) and was calculated from
fasting insulin (IF) and fasting glucose (GF) as follows:
HOMA-IRZ(IF!GF)/22.5 (25). The units for IF and GF

were mU/ml and mmol/l respectively. The validity and
reliability of HOMA-IR have been ascertained in
previous studies that have demonstrated a high
correlation between HOMA-IR and the glucose clamp
technique not only before, but also after, treatment in
type 2 diabetic patients (26, 27).
Anthropometric measurements

BMI was calculated as weight (kilograms) divided by
height (metres) squared. The subject’s waist was
measured midway between the lowest rib and the illiac
crest. The hip circumference was measured at the
widest part of the gluteal region. The waist-to-hip ratio
(WHR) was then calculated. Body fat mass was
determined by bioelectrical impedance analysis using
a Body Composition Analyzer (Biospase, South Korea).
Statistical analysis

Descriptive statistics were computed and distributions of
all variables were assessed for normality. Main effects of
training modality (resistance and endurance) and time
(before and after 12 weeks) and interaction between
training modality and time were assessed using two-way
analysis of variance (ANOVA). When ANOVA indicated
the presence of a significant difference, post hoc compari-
sons using Bonferroni’s method were applied to identify
which mean differences were statistically significant. The
relationships between variables at baseline and in
response to training were determined using Pearson’s
and Spearman’s correlation tests. Values are presented as
mean (GS.D.) unless otherwise stated. The level of
significance in all statistical analyses was set at P!0.05.
Results

Physiological characteristics of the subjects at baseline
and after 12 weeks of training are presented in Table 1.
Before the intervention, there were no significant
differences in age, BMI, body weight, percentage of body
Table 1 Physiological characteristics (meanGS.D.) of the subjects befo
control condition.

Endurance training

Weight (kg) 83.1G6.8 83.8G7.3 82.
Body fat (%) 22.8G1.9 19.5G3.0a 22.
BMI (kg/m2) 27.9G2.2 27.8G2.1 28.
WHR (m) 0.95G0.006 0.91G0.006 0.9
VO2 max (ml/kg per min) 26.3G4.8 33.2G4.9a 24.

aIndicates significant difference between pre- and post-training values.
fat, maximal O2 consumption (VO2 max) and WHR
among the three groups. Baseline glucose metabolic
profiles, including insulin sensitivity assessed by HOMA-
IR and serum adiponectin, were also similar in the three
groups.

Maximal oxygen consumption increased significantly
by 7G3.5 and 5G4.1 ml/kg per min after endurance
and resistance training respectively, while no significant
change in the control group was found. Endurance
and resistance training did not cause any significant
changes in body weight, WHR and BMI when pre- and
post-training values were compared (Table 1). However,
both endurance and resistance training decreased the
body fat percentage significantly (Table 1). Glucose
concentrations before and after endurance training were
5.21G0.77 and 5.16G1.0 mmol/l respectively, and
those for resistance training were 5.09G0.65 and
5.09G0.64 mmol/l respectively. Fasting serum glucose
did not change significantly (PO0.05) in response to
endurance and resistance training. Insulin concen-
tration declined significantly (P!0.05) from 8.54G
4.75 to 5.73G3.24 mU/ml and from 10.55G3.57 to
6.41G3.07 mU/ml, in response to endurance and
resistance training respectively, while the changes in
the control group after 12 weeks were not statistically
significant.

Insulin resistance index, assessed by HOMA-IR was
reduced significantly by 35.7 and 38.5% following 12
weeks of endurance and resistance training respectively,
with no significant changes in the control group. When
changes in HOMA-IR for the three groups were compared,
statistical analysis revealed a significant (P!0.05)
difference between both experimental groups and control
group (Fig. 1). However, changes in HOMA-IR were not
significantly different between two training groups.
Serum adiponectin concentration at baseline was nega-
tively correlated with BMI (RZK0.74, P!0.001),
body fat percentage (RZK0.64, P!0.001), WHR
(RZK0.59, P!0.002) and calculated insulin resistance
(RZK0.41, P!0.016). However, when changes in
response to training were analysed statistically, there
were no significant correlations among these variables.
Statistical analysis did not show any significant effects of
either endurance or resistance training on serum
adiponectin concentration (Fig. 2). In addition, there
were no significant differences among the adiponectin
responses in the three groups.
re and after 12 weeks of endurance training, resistance training and

Resistance training Control

3G10.0 81.6G10.5 83.6G11.0 84.8G9.0
8G1.4 18.3G4.1a 25.6G4.6 26.5G3.6
3G2.3 28.1G2.5 29.4G4.6 29.4G4.6
5G0.003 0.94G0.004 0.96G0.002 0.95G0.002
6G8.8 29.1G7.8a 23.0G6.4 20.5G5.0
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Figure 1 Changes (meanGS.D.) in HOMA-IR before and after
endurance training, resistance training and control condition.
*Significant (P!0.05) difference between pre- and post-training
values for each training group, $significant difference (P!0.05)
between endurance training and control trials and #significant
difference (P!0.05) between resistance training and control trials.
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Discussion

Short-duration (8–20 weeks) circuit weight training
increased VO2 max by w4 and 8% in men and women
respectively (22). We found a 5% improvement in
VO2 max, which supports the finding of Gettman &
Pollock (22) and indicates that the intensity and
duration of training were sufficient to induce the
required physiological improvements.

In the present study, 12 weeks of endurance and
resistance training increased insulin sensitivity by 35
and 38% respectively. These findings confirm those of
previous studies that found improvement in insulin
sensitivity after endurance training in obese and
healthy individuals (3, 8, 12, 15). Several mechanisms
have been proposed to be responsible for the increases in
insulin sensitivity after exercise training (28–32). These
include increased post-receptor insulin signalling (30),
increased glucose transporter protein and mRNA (31),
increased activity of glycogen syntheses and hexokinase
(29), decreased release and increased clearance of free
fatty acids (28), increased muscle glucose delivery and
Figure 2 Adiponectin concentrations (meanGS.D.) before and after
12 weeks of endurance training, resistance training and control
condition.

www.eje-online.org
changes in muscle composition (32). The mechanisms
responsible for the effect of resistance training on
glucose homeostasis and insulin sensitivity are similar
to endurance training (33). Although the mechanism
responsible for the improvements in insulin sensitivity
after resistance training cannot be deduced from the
present study, it has been shown (34) that low-intensity
strength training leads to increases in the protein
content of GLUT4, insulin receptors, glycogen synthase
and protein kinase B, without an increase in muscle
mass. An interesting finding from the present study is
that insulin sensitivity was improved without changes
in body weight, WHR and BMI. This finding supports
those of previous studies (35, 36) and suggests that both
endurance and circuit weight training improve insulin
sensitivity independent of changes in body composition.
Restoring insulin sensitivity by aerobic exercise and
circuit weight training might be mediated mainly by
mechanisms other than adiponectin, for instance, by
the AMP-activated protein kinase pathway (10).

Twelve weeks of endurance and circuit weight
training did not change serum adiponectin concen-
trations, in accordance with the general consensus
(3, 8–11). There are only few endurance-training
studies that have reported different findings (12–15).
Yatagai et al. (15) reported decreases in adiponectin
concentration 16 h after training. This reduction in
adiponectin could be due to the direct effect of the last
training session rather than a more general effect of a
training programme because the blood sample was
taken 16 h after the last bout. However, Kriketos et al.
(12) and Oberbach et al. (13) have reported increases in
adiponectin concentration after short-term physical
training in overweight subjects and patients with
impaired glucose tolerance and type 2 diabetes.
Similarly, Ring-Dimitriou et al. (14) investigated the
changes in plasma adiponectin over 24 months of
exercise intervention in middle-aged adults with
predisposition to metabolic syndrome and found
increases in plasma adiponectin concentration with
15% improvement in cardiorespiratory fitness. These
discrepant results may be attributed to differences in
timing in blood sampling, variation in the exercise
protocols and differences in subject populations.

Few resistance-training studies that have investigated
changes in adiponectin have also reported conflicting
results (19–21). Klimcakova et al. (20) reported no
changes in adiponectin concentration in response to 3
months of resistance training performed thrice a week
at 60–70% of 1-RM with 12–15 repetitions for each
exercise (30–45 min per session). In an interesting
study, Fatouros et al. (19) investigated the effects of 6
months of resistance training at different intensities
(low, moderate and high intensities) on adiponectin
concentration in elderly individuals. They reported
significant increases in adiponectin after moderate-
and high-intensity training but not after low-intensity
training, which were accompanied by weight
Downloaded from Bioscientifica.com at 05/22/2023 03:53:58PM
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reductions. Recently, Brooks et al. (21) demonstrated
significant increases in adiponectin concentration after
14 weeks of high-intensity resistance training. In the
present study, adiponectin concentration did not
change following 12 weeks of circuit weight training
at 50–60% 1-RM, which is a low-intensity protocol. Our
findings support those of Klimcakova et al. (20) and the
low-intensity protocol of Fatouros et al. (19). Therefore,
it can be concluded that changes in adiponectin in
response to resistance training might be intensity
related. However, further studies are required to confirm
this in different populations and investigate the
mechanism(s) responsible for these changes.

In the present study, both endurance and resistance
training caused a significant decrease in body fat
percentage but had no significant effect on body weight
and BMI (Table 1). The lack of effect of training on
adiponectin in the present study might be due to the
absence of reductions in body weight and BMI.
Increases in adiponectin concentration by dietary
restriction or gastric bypass surgery have been accom-
panied by massive weight reductions (2, 7, 8). There-
fore, it seems likely that the weight reduction has a
considerable effect on the increases in adiponectinaemia
(15); without such a weight loss, exercise training
cannot increase plasma adiponectin levels. It is possible
that tumour necrosis factor-a (TNF-a) and IL-6
reductions after training or weight loss might be
responsible for the regulation of adiponectin, since
the local production of IL-6 and TNF-a in the adipose
tissue may directly inhibit the local production of
adiponectin (37). Although our findings are supported
by the above mechanisms and findings, because of the
low number of subjects recruited in the present study
the possibility of committing a statistical measurement
error type P is high.

It is also noted that exercise and weight loss improve
insulin sensitivity either partially or completely via
different mechanisms, with adiponectin functioning as a
contributory factor to enhanced insulin action associ-
ated with weight loss but not to exercise-related
improvements in insulin action. This notion is
supported by previous randomised controlled trials
comparing the effects of weight loss and aerobic exercise
on glucose tolerance (8).

Although adiponectin concentrations were
unchanged following endurance and circuit weight
training, serum adiponectin levels at baseline were
significantly and negatively correlated with body fat
percentage (RZK0.64), WHR (RZK0.59) and BMI
(RZK0.74). These results are in agreement with
previous studies (11, 19, 38). Based on the negative
correlation between adiponectin and body fat percen-
tage found in the present study and to reduce the risks of
atherosclerosis by reducing body fat, it could be
suggested that patients and normal sedentary
individuals need to participate in endurance- and
resistance-training programmes that lead to loss of
body weight and fat reduction.

It is also important to note that, in the present study
and in the other studies that have investigated the
effects of training on adiponectin levels, the total
adiponectin level has been measured, whereas different
forms of adiponectin and its receptors have recently
been identified (39). It is thought probable that the
biological action of adiponectin is related more to levels
of these structural variants than to total adiponectin
levels (3). This use of total adiponectin levels could be
one source of the discrepancies in the results from
previous studies, in addition to differences in training
protocols, subjects’ status and laboratory methodology.

The selection of time period (4 days after training) to
measure insulin sensitivity and adiponectin in the
present study was based upon previous studies that
had shown a sustained effect on these variables
4–7 days after training (40, 41). However, further
studies are required to estimate the effects of the last
exercise bout and the process of ‘detraining’ on these
variables. In addition, more studies are needed to
establish the effects of exercise intensity and duration
(particularly with resistance training) on insulin
sensitivity and inflammatory markers.

Both endurance and circuit weight training resulted
in similar changes in physiological and glucose
metabolic profiles, including insulin sensitivity and
serum adiponectin. These findings might be because of
the form of resistance training that was used in the
present study. Circuit weight training is often used
to improve body composition, muscle strength,
endurance and cardiovascular fitness, and it improves
cardiovascular fitness (similar to endurance training)
more than any other form of resistance training (22).

In summary, despite improvement in insulin sensi-
tivity, 12 weeks of endurance and circuit weight
training had no effect on adiponectin concentrations
in healthy middle-aged men. In addition, serum
adiponectin levels were found to be significantly and
negatively correlated with body fat percentage, WHR
and BMI. Therefore, it is concluded that increases in
insulin sensitivity induced by endurance and circuit
weight training are not related to changes in adipo-
nectinaemia in healthy middle-aged men, and that the
two forms of training had similar effects on all
parameters measured in the present study.
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