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of a rise in serum TGF-β1 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-β1 levels has also been 
noted after strength training in healthy adults26 and 
in patients with DM2.27

In agreement with other studies,16,17,29-31 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-β1, which functions as an 
anti-inflammatory growth factor and has an impact on 
plaque stability,6 is of additional clinical importance.

Indeed, exercise stimulus may act as the mechanical 
strain required to increase TGF-β1 mRNA expression 
and this effect is strain dependent.11 Few studies have 
examined the effects of exercise on TGF-β1. Hering 
et al26 detected an increase in serum levels of TGF-β1 
after four weeks of strength training in healthy adults. 
Gordon et al27 showed increased TGF-β1 transcript in 

skeletal muscle of patients with DM2 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-β1 after exercise 
achieved in our patients may indicate a protective 
effect leading to prevention or reduction of athero-
sclerosis progression.8

Elevated CRP concentration is considered a 
marker of subclinical inflammation and is associ-
ated with an increased risk of developing cardiovas-
cular disease.4,32 A number of studies indicated that 
exercise stress has a protective cardiovascular and 
anti-inflammatory effect.23,24,33 In accordance with 
the aforementioned studies,23,24,33 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-γ and TNF-α 
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.23,33 Probably longer period 
is required for an effect on ILs, INF-γ and TNF-α. 
Indeed, Balducci et al,34 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.18 In addition, Balducci 
et al34 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.

Τable 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) 79.6 (23.7) 0.007

BMI (kg/m2) 32.3 (8.7) 31.9 (8.6) 0.007

Waist circumference 
(cm)

106.2 (27.0) 102.1 (24.4) 0.005

HbA1c (%) 7.2 (1.5) 6.7 (0.8) 0.016

HOMA-IR 3.0 (3.0) 3.3 (3.1) 0.508

IL-6 (pg/mL) 6.1 (3.3) 6.1 (2.6) 0.263

IL-10 (pg/mL) 3.7 (1.5) 3.4 (1.4) 0.484

INF-γ (pg/mL) 15.7 (16.0) 14.5 (17.2) 0.980

ΤNF-α (pg/mL) 2.2 (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) 35.0 (5.0) 0.017

Knee extension 
strength (kg)

22.5 (5.0) 35.0 (7.5) 0.014

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; 
HbA1c, glycated hemoglobin; HOMA-IR, homeostasis model 
of insulin resistance; TNF-α, tumor necrosis factor-α; INF-γ, 
interferon-γ; IL-6, interleukin-6; IL-10, interleukin-10.




