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Combined strength and aerobic training increases
transforming growth factor-81 in patients with
type 2 diabetes
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ABSTRACT

OBJECTIVE: The aim of the present study was to examine the effects of a combined strength
and aerobic training program on pro- and anti-inflammatory cytokines and transforming growth
factor-p1 in patients with type 2 diabetes. DESIGN: Ten patients with type 2 diabetes, aged 55.5 (5)
years [median (IQR)] participated in a supervised systematic exercise training program which
included aerobic exercise and strength training, undertaken four days per week for eight weeks.
RESULTS: The training program increased transforming growth factor-pl1 concentration
(+50.4%) and reduced high sensitivity C reactive protein levels (-24.1%) without altering the
levels of interleukin-6, interleukin-10, interferon-y and tumor necrosis factor-a. Additional
improvements were also achieved in anthropometric characteristics, glycated hemoglobin
(HbA,.: -11.8%), homeostasis model assessment of insulin resistance index (HOMA-IR: -15%)
and physical fitness parameters (stress test: +26.6%, upper muscle strength: +32.4% and lower
muscle strength: +48.9%). CONCLUSION: A combined strength and aerobic exercise program
has a potential anti-atherogenic and anti-inflammatory impact which most likely reduces the
risk of cardiovascular disease and improves the health status in patients with type 2 diabetes.
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INTRODUCTION the progression of type 2 diabetes (DM2).! Diabetic

There is accumulating evidence that a subclini- patients suffer from atherosclerosis, which involves

cal inflammatory reaction precedes the onset and
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both inflammatory and immunological mechanisms.>?
Chronic low grade inflammation is reflected in raised
Creactive protein (CRP) concentrations, an independ-
ent predictor of cardiovascular disease,* as well as in
elevated serum levels of pro-inflammatory cytokines.

Transforming growth factor-1 (TGF-p1), a mul-
tifunctional protein, acts as an anti-inflammatory
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cytokine® and restrains atherosclerosis development.’
Specifically, TGF-f1 has an immunoregulatory role
and functions as an agent that protects against the
initial formation of fatty streak lesions and balances
the environment of the vessels.® By contrast, the
inhibition of TGF-B1 signalling has negative effects
which allow the development of atherosclerotic le-
sions.’ In addition, increased serum levels of TGF-f31
are associated with extended survival and reduced
incidence of coronary events in patientswith coronary
artery disease,'’ which constitutes the main cause of
morbidity and mortality in patients with DM2. There-
fore, it is important to study the TGF-p1 activity in
patients with DM2.

The expression of TGF-f1 increases in response to
mechanical stimuli in vascular tissue,!! while regular
exercise suitably activates the vascular bed. Thus,
apart from the beneficial effects on glucose control
in DM2,'? exercise can contribute to the prevention
of atherosclerosis by modifying several related patho-
genetic factors.!3!

Recent guidelines provide strong evidence for the
beneficial effect of exercise training, either aerobic
or resistance training, in patients with DM2.% Com-
bined strength and aerobic exercise training has been
established as the most effective mode in terms of
glucose control, insulin action and the modification
of cardiovascular risk factors.'®?! Recently, the anti-
inflammatory effects of exercise training have also
been documented.”? However, studies concerning
the effects of exercise on inflammatory markers in
patients with DM2% are not consistent and more
data are required. Furthermore, there is no evi-
dence as to how exercise affects the levels of serum
TGF-f1 in patients with DM2. Previous studies have
demonstrated that resistance exercise is effective in
increasing serum levels of TGF-B1 in healthy adults,*
and Gordon et al”’ showed that resistance exercise
increases TGF-B1 transcription in skeletal muscle of
patients with DM2.

The aim of the present study was to examine the
effects of combined strength and aerobic training on
glycemic control and inflammatory status in patients
with DM2. We assumed that two months of training
would increase TGF-p1 and other anti-inflammatory
markers and reduce pro-inflammatory markers.

METHODS

Subjects

Ten patients, (eight women — postmenopausal
for at least 10 years—and two men), non-smokers,
aged 55.5 (5) years, with DM2 for 6.5 (6) years and
glycated hemoglobin (HbA\) levels at 7.2 (1.5) %,
participated voluntarily in a supervised systematic
exercise training program. Values represent median
(IQR). Seven patients were treated with monotherapy
(metformin) and three were treated with a combina-
tion (metformin and sulfonylurea or glitazone). There
was no alteration in the prescribed medication two
months before and throughout the study. The study
was approved by the institutional ethics committee.

Experimental design

The exercise training programme involved com-
bined aerobic and strength training and was performed
four days per week for eigh weeks. Every session
included a warm-up period (10 minutes), the main
programme (60 minutes) and a cool-down period (10
minutes). The main programme included 30 minutes of
aerobic exercise at 70-80% of the maximal heart rate
achieved during a symptom-limited graded exercise,
followed by the strength training. Strength training
consisted of 3 sets of 15 repetitions on leg press,
knee extension, abductors, bench press, pec-deck,
rowing. The weight load for each exercise was set at
60% of the maximum weight that could be lifted in
one repetition (1RM) with 1 minute rest between
sets and 2 minutes rest between exercises.

Measurements

Height and body weight were measured and body
mass index (BMI) was calculated. Waist circumfer-
ence measurement was recorded as the mean of two
measurements, the first one on the navel point and
the second 3 cm above the first point. Blood samples
were obtained under the same conditions after an
overnight fast, at baseline and 3 days after the exercise
training program. Each participant completed a 72-
hour dietary record before the baseline measurement,
which was followed with consistency 72 hours prior
to the final measurement. Plasma was separated 30
minutes after centrifugation at 3000 g at 4°C and
stored at -80° C until further analysis. Insulin resistance
was calculated using the homeostasis model assess-
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ment (HOMA-IR) by the following formula: fasting
plasma glucose (mmol/L) x fasting serum insulin (nU/
mL)/22.5.% Serum cytokines were measured using a
commercially available ELISA kit based on the im-
munoenzymatic method. In particular, TGF-f31 and
high sensitivity CRP (hs)-CRP were measured by kits
of DRG International, Inc., while interleukin (IL)-6
and IL-10, interferon-y (INF-y) and tumor necrosis
factor-a (TNF-a) by kits of eBioscience Inc.

Maximum total muscle strength was measured
with the one-repetition maximum (1-RM) method
and was calculated as the sum of two exercises, leg
extension and bench press. A rest of 1 min followed
each trial and the resistance was increased by ap-
proximately 2.5 or 5 kg when the patient was near
to maximum. Patients underwent a symptom-limited
graded exercise test protocol on a treadmill using the
Bruce protocol. Blood pressure was measured manu-
ally at rest and during the stress test. Heart rate was
measured using a 12-lead electrocardiograph with an
automatic ST-segment analysis. These measurements
were conducted by the same investigator.

Statistical analysis

Data analyses were carried out using the Statistical
Package for the Social Sciences (version 12.0.1; SPSS,
Chicago, IL). Results are presented in text, table and
figures as median and the interquartile range (IQR).
The baseline (pre) values were compared with the
endpoint (post training) values within groups by paired
samples using the Wilcoxon test. The p value <0.05
was specified as a statistically significant finding.

RESULTS

The exercise training program applied in this study
significantly increased TGF-f1 serum concentration
by 50.4% (p=0.012; Figure 1) and reduced hs-CRP
levels by 24.1% (p=0.017; Figure 2). No significant
alterations were found in the concentrations of IL-
6, IL-10, INF-y and TNF-a throughout the study
(Table 1). Considerable improvement was achieved
in anthropometric characteristics (BMI: p=0.007,
waist circumference: p=0.005) and glucose regula-
tion with 11.8% reduction in HbA. (p=0.016) but no
significant change in HOMA-IR (p=0.508). Physical
fitness parameters increased significantly (p<0.05;
Table 1). Stress test duration increased from 7.2 (2.5)
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Figure 1. The effects of a combined strength and aerobic exer-
cise training program (Post TR) on transforming growth factor
-p1 (TGF-B1; p=0.012). Values are presented as median and
the length of the boxes represents the interquartile range.
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Figure 2. The effects of a combined strength and aerobic exer-
cise training program (Post TR) on C reactive protein (CRP;
p=0.017). Values are presented as median and the length of
the boxes represents the interquartile range.

t0 9.1 (1.7) min (p=0.012), while a 32.4% (p=0.017)
and 48.9% (p=0.014) increase was evident in the
strength of upper and lower extremities, respectively.

DISCUSSION

The present study provides additional evidence



128

A.-M. TOUVRA ET AL

Table 1. The effects of a systematic exercise training program on
anthropometric, biochemical and physical fitness parameters

Baseline Post TR p value
BW (kg) 81.3(23.4) 179.6(23.7)  0.007
BMI (kg/m?) 323(8.7) 319(8.6)  0.007
Waist circumference  106.2 (27.0) 102.1 (24.4)  0.005
(cm)
HbA,. (%) 72 (1.5) 6.7 (0.8) 0.016
HOMA-IR 3.0 (3.0) 33(3.1) 0.508
IL-6 (pg/mL) 6.1(3.3) 6.1 (2.6) 0.263
IL-10 (pg/mL) 3.7(15) 34 (1.4) 0.484
INF-y (pg/mL) 15.7(16.0) 145(17.2)  0.980
TNF-o (pg/mL) 22(1.7) 2.3(1.5) 0.326
Stress test duration (min) 7.2 (2.5) 9.1(1.7) 0.012

Bench press strength (kg)  25.0 (7.5)
225(5.0)

35.0 (5.0) 0.017

Knee extension 35.0(7.5) 0.014

strength (kg)

Values are presented as median (interquartile range). The base-
line values were compared with the post training values within
groups via the paired samples Wilcoxon test (p=0.05 significant).
Post TR, Post training; BW, body weight; BMI, body mass index;
HbA,, glycated hemoglobin; HOMA-IR, homeostasis model
of insulin resistance; TNF-a, tumor necrosis factor-o; INF-y,
interferon-y; IL-6, interleukin-6; IL-10, interleukin-10.

of a rise in serum TGF-f1 after systematic exercise
in patients with DM2, whereas an anti-inflammatory
protective effect is exerted by a decrease in serum
hs-CRP levels and the stabilization of cytokines.
An increase of serum TGF-f1 levels has also been
noted after strength training in healthy adults®® and
in patients with DM2.%

In agreement with other studies,'®!7*! exercise
training in our patients induced favourable adaptations
in anthropometric characteristics, glucose control,
physical fitness and muscle strength (Table 1). The
increase of serum TGF-f1, which functions as an
anti-inflammatory growth factor and has an impact on
plaque stability,’ is of additional clinical importance.

Indeed, exercise stimulus may act as the mechanical
strain required to increase TGF-1 mRNA expression
and this effect is strain dependent.!! Few studies have
examined the effects of exercise on TGF-p1. Hering
et al®* detected an increase in serum levels of TGF-$1
after four weeks of strength training in healthy adults.
Gordon et al”’ showed increased TGF-B1 transcript in

skeletal muscle of patients with DM?2 after strength
training. Our study confirms the data obtained from
muscle biopsies using the more feasible procedure
of blood sampling in patients with DM2. Therefore,
the increased levels of serum TGF-f31 after exercise
achieved in our patients may indicate a protective
effect leading to prevention or reduction of athero-
sclerosis progression.®

Elevated CRP concentration is considered a
marker of subclinical inflammation and is associ-
ated with an increased risk of developing cardiovas-
cular disease.**> A number of studies indicated that
exercise stress has a protective cardiovascular and
anti-inflammatory effect.”?** In accordance with
the aforementioned studies,”?*3 we observed that
eight weeks of combined exercise training was associ-
ated with significantly reduced levels of hs-CRP, but
without alterations in IL-6, IL-10, INF-y and TNF-a
in patients with DM2. It seems that the favourable
effect of regular exercise was associated with CRP
reduction and stabilization of cytokines, which is in
line with other studies.”?** Probably longer period
is required for an effect on ILs, INF-y and TNF-a.
Indeed, Balducci et al,* in a study of patients with
DM2, demonstrated a decrease in hs-CRP and IL-6
and an increase in the anti-inflammatory cytokines
(IL-4 and IL-10) after twelve months of exercise
training, whereas no significant changes were found
in the first three months of training, thus indicating
differences in the exercise adaptation of these inflam-
mation related cytokines. Furthermore, other factors
which significantly change with exercise training are
stronger determinants of CRP concentrations than
of other cytokines.

It is well known that an intervention program
induces favourable adaptations in the metabolic and
inflammatory profile of patients with DM2. Either
aerobic or resistance exercise training alone control
the glucose metabolism in patients with DM2, but
the results are better with a combined aerobic and
resistance training regimen.!® In addition, Balducci
et al** observed a decrease in hs-CRP and IL-6 and
an increase in IL-4 and IL-10 in patients with DM2.
The changes were more pronounced in the exer-
cise training regimen which combines aerobic and
strength training, compared to aerobic or strength
training alone.
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Exercise induces vascular shear stress and has been
shown to increase angiogenic growth factors.* TGF-f1
and vascular endothelial growth factor (VEGF) are
consistently considered as growth factors mediating
angiogenesis® and regeneration.” It is not known,
however, to what degree exercise is capable of modi-
fying the diabetes induced alterations in the vascular
bed. The measurement of VEGF could possibly help
in elucidating exercise induced alterations in circulat-
ing biomarkers.

Defining the appropriate duration, volume and
intensity of exercise training in patients with DM2
required for the achievement of optimal levels of
TGF-p1, hs-CRP and cytokines, could possibly assure
a more atheroprotective milieu. With the training
program used in our study a 50.4% increase in TGF-31
and a 24.1% reduction in CRP, was achieved. These
changes may well be associated with improved vas-
cular tissue responsiveness. The findings might also
support the potential importance of these factors for
the prevention and treatment of vascular disease in
diabetes.

The effect of exercise on physical fitness and on
well recognized risk factors of cardiovascular disease
is established; however, TGF-$1 could be one more
factor accounting for the link between systemic in-
flammation and diabetes complications, especially
atherosclerosis. The latter represents the main cause
of morbidity and mortality in patients with DM2.
One could suggest that the increase in TGF-B1 levels
with exercise recruits a possible mechanism protect-
ing from cardiovascular morbidity in patients with
DM2. Up-regulating TGF-f1 activity and increasing
TGF levels would lead to prevention or reduction
of atherosclerotic plaque production in diabetic
individuals as well.

The main limitation of our study is the lack of a
control group. It however furnishes novel informa-
tion on the importance of the anti-atherogenic and
anti-inflammatory effects of the exercise program
applied. In fact, our intention was to maintain the
homogeneity in our participants, which is difficult to
achieve in a control group of patients with diabetes
mellitus.

CONCLUSION

The present data suggest that a systematic training
regimen which combines strength and aerobic exercise
induces anti-inflammatory effects. The suppressed
inflammation is reflected in the decreased levels of
hs-CRP and the increased levels of TGF-f1. Thus,
systematic exercise should be considered in the treat-
ment of DM2 not only for a better management of
hyperglycemia, body composition and physical fitness
but also for its anti-atherogenic and anti-inflammatory
benefits.
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