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1.    INTRODUCTION  

It is recognized that the path from physical inactivity and obesity to lifestyle-related diseases involves low-grade inflammation, 
indicated by elevated plasma levels of inflammatory markers. Systemic and local inflammation is hypothesized to play a significant 
role in the pathogenesis and progression of insulin resistance, impaired glucose tolerance and even diabetes resulting from chronic 
activation of the innate immune system. In obesity, the white adipose tissue is characterized by an increased production and secretion 
of inflammatory molecules including TNF-α and interleukin-6 (IL-6), which have local and also systemic effects on other organs. 
Recent data indicate that white adipose tissue is infiltrated by macrophages, which may be a major source of locally-produced pro-
inflammatory cytokines such as TNF-α and IL-6 [1]. Increased macrophage infiltration of adipose tissue has been described in obese 
individuals, as well as an increase in “classically activated” macrophages [2].  

Obesity and type 2 diabetes mellitus are associated with many metabolic disorders including dyslipidemia, hypertension and 
artheriosclerosis [3].  

C-reactive protein (CRP) levels are directly related to increased risk of coronary disease and diabetes and have been associated with 
both high body mass index (BMI) and low physical activity in cross sectional studies [4, 5, 6,7,8]. CRP is produced by the liver in 
response to an acute infection or inflammation. Elevated concentrations of CRP have been associated with coronary heart disease, 
obesity, diabetes, smoking, and sedentary lifestyle [9]. CRP levels, inversely related to cardiorespiratory fitness, are associated with 
an increased risk of cardiovascular disease. Numerous studies have observed an inverse association between CRP and regular physical 
activity and/ or exercise [4, 5, 6, 7, 8, 10]. In contrast few studies have prospectively examined the effect of exercise training alone on 
resting levels of CRP, particularly in individuals with elevated levels of CRP [11, 12].  

Controversy about the role of TNF-alpha in insulin resistance has been raised by inconsistent results in human studies. Some find no 
association [12, 14] whereas others do [15, 16]. Other results suggest that exercise may induce increased levels of anti-inflammatory 
cytokines (e.g. IL-10, IL-6), and cytokine inhibitors (e.g. IL-1 receptor antagonist, TNF-α receptor) [17, 18].  

Abstract 

Aims: Desired effects of a rehabilitative training are: Decreases in inflammation and lipid risk factors, in HbA1c, and 
increases in cardiopulmonary capacity. Though the beneficial effects of intense training are well established, no 
epidemiologic relevance of such training regimens has been found. Apparently a moderate and stress free program is an 
important prerequisite for lasting acceptance and life style change. Therefore studies should point to low but still effective 
training intensity. Methods: 33 type 2 diabetes patients (63.8 ± 6.9 years) with insulin regimen had a 9 months 
rehabilitative exercise training two times/week. Plasma levels of inflammatory and lipid markers, specific diabetic and 
training parameters were measured at baseline, after three, six and nine months.   

Results:  Rehabilitative training resulted in a significant increase in tumor necrosis factor-alpha (12.27 ± 7.93 vs. 15.12 ± 
9.58 or 14.89 ± 9.25 pgxl-1 after 6 or 9 months). Interleukin-6 was reduced significantly after 3 months (4.3 ± 7.02 vs. 3.92 
± 6.68 pgxl-1) whereas C-reactive protein remained unchanged. Lipid parameters decreased markedly after 9 months 
(triglycerides 2.10 ± 1.2 vs. 1.82 ± 1.07 mmolxl-1; cholesterol 5.18 ± 1.12 vs. 4.92 ± 0.91 mmolxl-1; LDL 3.24 ± 0.85 vs. 
2.88 ± 0.66 mmolxl-1). HDL and HbA1c remained almost unchanged. Weight decreased moderately but significantly (99.21 
± 17.62 vs. 97.73 ± 16.61 kg) also BMI (35.28 ± 5.3 vs. 34.78 ± 5.34). Endurance capacity was increased by 103%, rate-
pressure product at rest and blood pressure markedly decreased. 

Conclusions: 9 months of rehabilitative exercise training in type 2 diabetes patients had moderate but significant effects on 
lipid factors, no relevant effect on C-reactive protein and Interleukin-6 but resulted in a marked increase in tumor necrosis 
factor-alpha. A marked improvement in endurance capacity, cardiac stress and blood pressure was seen. 
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Abbreviations: BG= blood glucose, EC= endurance capacity, RPP= rate-pressure product 
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Since diabetes is a chronic low-grade systemic inflammation, we suggest that exercise may have anti-inflammatory effects and 
improves the overall immune status of type 2 diabetic patients with insulin regimen. 

2.   METHODS 

Study population and clinical data: 33 well-controlled type 2 diabetic subjects (17 females, 16 males, 63.8 ± 6.9 years, weight 
99.21 ± 17.62 kg, height 167.6 ± 9.6 cm, BMI 35.28 ± 5.3) with insulin regimen participated in a 9 months combined 
endurance/resistance exercise training program. Control of diabetes was measured by the percentage of glycated hemoglobin in the 
blood (mean: 6.4 ± 0.76% (46.45 mmol/mol)). At baseline, after three, six and nine months, fasting blood samples for measurement of 
inflammatory and lipid markers were taken. 88 % of the Patients had an antihypertensive medication, 24 % were taking aspirin and 48 
% drugs for lipid disorders. No health and nutrition intervention was conducted. There were no relevant changes in medication 
throughout the study period. No regular physical exercise was performed by any of the patients before the study, most of them were 
unemployed. Exclusion criteria were: acute/chronic infections, antibiotic therapy, rheumatoid diseases.   

Laboratory measurements: Fasting blood samples were collected at baseline, after three, six and nine months. Laboratory analyses 
were performed at 8 h after a 12 h overnight fast. Concentrations of IL-6, TNF-alpha, and C-reactive protein were measured as well as 
the lipid profiles (triglycerides, cholesterol, high- and low-density lipoproteins (HDL, LDL)), leukocytes, thrombocytes, and the 
creatine kinase levels. 

Training protocol: The patients exercised two times per week (A- and B- session). All A-Sessions commenced and concluded with a 
warming-up and cooling-down period. Session A consisted of 45 minutes endurance training (cycle-ergometer, tread mill, rowing-
ergometer) and 15min of pulley exercises. Session B consisted of 45 minutes of supervised moderate swimming. The program started 
out with low intensity training for each form of exercise and was weekly increased according to the individuals’ increasing endurance 
capacity. Before and after each exercise set heart rate, blood pressure, blood glucose, and work load were measured and recorded. 
Data at baseline and after 9 months of training were analysed. The cardiac load was estimated using the rate-pressure product, divided 
by 1000. 

Statistical analyses: All data are presented as means ± SD. Pairwise comparisons were carried out using the Wilcoxon matched pairs 
signed rank test. A p-value <0.05 was considered to indicate significance, p<0.01 was accepted as very significant and p<0.005 as 
extremely significant. 

3.   RESULTS 

Body composition and metabolic data 

 baseline  3 months 6 months 9 months p-value 
(baseline 
vs. 3 
months) 

p-value 
(baseline 
vs. 6 
months) 

p-value 
(baseline 
vs. 9 
months) 

weight (kg) 99.21±17.62 97.73±16.39 97.59±16.61 97.73±16.61 <0.001 <0.006 <0.006 

BMI 

 

35.28±5.3 34.79±5.18 34.74± 5.23 34.78±5.34 <0.0008 <0.004 <0.005 

HbA1c (%)    6.40±0.76   6.30±0.73   6.41±0.78   6.51±0.73 n.s. n.s. n.s. 

IFCC 
(mmol/mol) 

  46.45   45.36   46.56   47.65 n.s. n.s. n.s. 

 

Table 1. Weight, BMI, HbA1c, IFCC and the significances between baseline vs. 3, 6, and 9 months of program participation. 

Program effects: 

There was a minor but significant and lasting decrease of body weight and BMI already after 3 months, but no relevant effect on 
HbA1c  and IFCC (Tab. 1). 
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Inflammatory markers 

inflammatory 
markers 

baseline 3 months 6 months 9 months p-value 
(baseline 
vs. 3 
months) 

p-value 
(baseline 
vs. 6 
months) 

p-value 
(baseline 
vs. 9 
months) 

s-CRP(mgxl-

1) 
    4.14±3.40     4.24±4.08     3.79±2.94     4.24±4.35 n.s. n.s. n.s. 

IL-6 (pgxl-1)     4.30±7.02     3.92±6.68     3.95±6.53     3.98±6.74 <0.03 n.s. n.s. 

TNF-α (pgxl-

1) 
  12.27±7.93   12.79±9.65   15.12±9.58   14.89±9.25 n.s. <0.002 <0.001 

thrombocytes 
(exp9xl-1)  

242.84±62.60 235.03±60.32 245.7±59.96 237.88±63.71 n.s. n.s. <0,04 

leucocytes 
(exp9xl-1)   

   6.75±1.53    6.75±1.50   6.82±1.37     6.77±1.43 n.s. n.s. n.s. 

creatine 
kinase (IFCC, 
ukatxl-1) 

   2.76±2.12    2.65±2.12   2.35±1.47     2.32±1.31 n.s. <0.03 <0.09 

 

Table 2. s-CRP, IL-6, TNF-α, thrombocytes, leucocytes, and creatine kinase levels and the significances between baseline vs. 3, 6, 
and 9 months of program participation.  

Baseline levels of CRP were below 5 mgxl-1 but markedly above 1 mgxl-1. There was only a minor significant decrease of IL-6 after 3 
months. The most striking result is a marked increase in TNF-α which was significant after 6 and 9 months. A significant decrease in 
thrombocytes and creatine kinase were measured after 9 and 6 months respectively. There was no relevant change in leucocytes (Tab. 
2). 

Lipid parameters 

lipid 
parameters 

(mmolxl-1)  

baseline 3 months 6 months 9 months p-value 
(baseline 
vs. 3 
months) 

p-value 
(baseline 
vs. 6 
months) 

p-value 
(baseline 
vs. 9 
months) 

Triglycerides 2.10±1.20 1.89±1.25 1.96±1.18 1.82±1.07 n.s. n.s. <0.03 

Cholesterol 5.18±1.12 4.93±1.16 5.12±1.17 4.92±0.91 n.s. n.s. <0.03 

HDL 1.22±0.34 1.22±0.33 1.25±0.41 1.24±0.38 n.s. n.s. n.s. 

LDL 3.24±0.85 2.99±0.75 3.11±0.83 2.88±0.66 n.s. n.s. <0.003 

 

Table 3. Triglycerides, cholesterol, high-density lipoprotein (HDL), low-density lipoprotein (LDL) values and the significances 
between baseline vs. 3, 6, and 9 months of program participation. 

Blood lipid risk parameters were all markedly decreased after 9 months, but there was no relevant change in HDL values (Tab. 3). 

 

Cardio-circulatory parameters for resting conditions 

 baseline 3 months 6 months 9 months p-value 
(baseline 
vs. 3 
months)   

p-value 
(baseline 
vs. 6 
months) 

p-value 
(baseline 
vs. 9 
months) 

HR (beats 
x min-1) 

  77.61±12.26   74.09±12.29   75.97±12.48   73.03±8.53 <0.05 n.s. <0.002 
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RRsys  

RRdia 
(mmHg) 

142.42±19.18 

  81.64±11.18 

138.76±18.75 

  83.30±11.46 

134.06±15.94 

  78.09±11.21 

135.64±17.01 

  76.73±9.78 

n.s. 

n.s. 

<0.02 

n.s. 

<0.04 

<0.04 

RPP 
(HRxRRsys 
x1000-1) 

  11.03±2.11   10.28±2.28   10.17±1.93     9.98±1.78 <0.03 <0.03 <0.002 

 

Table 4. HR= pre-exercise heart rate at rest, RRsys and RRdia = pre-exercise blood pressure systolic and diastolic at rest, and RPP= 
rate-pressure product before and after 3, 6, and 9 months of exercise training and the significances. 

As a result of 6 and 9 months program participation blood pressure at rest was clinically significantly decreased. Since resting heart 
rate was also lower there was a marked effect on the resting rate-pressure product (Tab. 4). 

 

Training effects on blood glucose before and after exercise 

 baseline 3 months 6 months 9 months p-value 
(baseline 
vs. 3 
months) 

p-value 
(baseline 
vs. 6 
months) 

p-value 
(baseline 
vs. 9 
months) 

BG pre  
(mmolxl-1) 

8.68±2.39 7.28±1.29 8.11±1.41 8.25±2.06 <0.006 n.s. n.s. 

BG post 
(mmolxl-1) 

6.17±1.67 5.21±1.03 5.63±1.60 5.65±1.50 <0.01 n.s. n.s. 

p value <0.0001 <0.0001 <0.0001 <0.0001 n.s. n.s. n.s. 

 

Table 5. Blood glucose (BG pre (-exercise), BG post (-exercise) (mmolxl-1)) before and after exercise at baseline and after 3, 6, and 9 
months of program participation. The significances between blood glucose levels before and after training sessions were given, and 
also the significances between baseline and after 3, 6 and 9 months.   

There was an effect of the program on resting blood glucose and on the after training blood glucose after 3 months. In tendency these 
effects persisted after 6 and 9 months. Exercise always induced a marked decrease in blood glucose (Tab. 5). 

Cardio-circulatory values immediately taken after cycle-ergometry 

 baseline 3 months 6 months 9 months p-value 
(baseline 
vs. 3 
months) 

p-value  
(baseline 
vs. 3 
months) 

p-value 
(baseline 
vs. 3 
months) 

EC (watt) 

Increase 
(%) 

  27.61±3.23   45.03±14.76   51.89±17.04   56.14±19.60 <0.0001 

 

63  

<0.0001 

 

88 

<0.0001 

 

103 

HR 
(beatsxmin-

1) 

  97.97±13.06   94.06±12.38 

 

101.36±13.63 100.52±10.60 <0.02 n.s. n.s. 

RRsys 

RRdia 
(mmHg) 

145.30±14.41 

  74.88±6.67 

139.12±14.95 

  70.58±7.14 

141.36±18.30 

  68.42±7.07 

137.46±17.63 

  67.21±6.48 

<0.02 

<0.003 

n.s. 

<0.0003 

<0.01 

<0.0001 

RPP 
(HRxRRsys 
/1000) 

  14.31±2.63   13.11±2.4   14.42±3.09   13.89±2.79 <0.007 n.s. n.s. 
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Table 6. EC= endurance capacity and increase of endurance capacity, HR= heart rate, RRsys and RRdia= post-exercise blood pressure 
systolic and diastolic, and RPP= rate-pressure product for exercise conditions before and after 3, 6, and 9 months of exercise. Please 
note that the rate-pressure product was similar although endurance capacity was increased at the different training time periods. It 
should also be noted that all values (except EC) do not refer to similar exercise values, but to the increased EC values.  

As the most relevant exercise effect the rate-pressure product was decreased whereas training intensity was increased by 63 to 103 % 
of the initial values. In spite of increased exercise intensity also the diastolic pressure was very markedly and significantly decreased. 
The mean frequency of endurance/resistance training sessions in 9 months was 40.49 ± 9.69 or 13 times in a 3months period (Tab. 6). 

4.   DISCUSSION 

There are 3 major groups of effects to be discussed.  

•   Effects on inflammatory markers and cellular parameters 

•   Effects on lipid profile and blood glucose 

•   Effects on cardio-circulatory system and endurance capacity  

Effects on immune parameters and inflammatory markers 

TNF-α: most striking result of this study is a lasting significant increase of TNF-α.  

Increased TNF-α following short or chronic training periods has been reported only twice (Table 7). In general there were no relevant 
changes or at times a decrease of TNF- α (Table 7). No such results in type 2 diabetes patients with insulin therapy have come to our 
knowledge. 

Epidemiological studies and clinical interventions have reported contradictory findings related to dietary or exercise interventions and 
the resulting alterations in plasma cytokines [19]. Carey et al. [20] recently reported a lack of association between skeletal muscle 
TNF-α mRNA and circulating levels of TNF-α with whole-body insulin sensitivity in a wide variety of subjects including individuals 
with type 2 diabetes. Therefore, the role of TNF-α in the development of insulin resistance in humans is unclear and requires further 
research.  

 

Various reported exercise and training effects on TNF-alpha, C-reactive protein, and Interleukin-6 

author(s),  year   type  of  exercise  training   study  population  

  

TNF-­
α  

  

CRP  

  

IL-­
6  

  

Loria-­Kohen   et   al.  
(2013)  [21]  

22  weeks  exercise  training  and  caloric  
restriction  (strength,  endurance,  combined)  

84  obese  
↓   ↓   ↓  

Nikseresht   et   al.  
(2014)  [22]  

3  months  nonlinear  resistance  +  aerobic  
interval  training  

12  and  10  men  middle  aged  
and  obese   n.s.   n.s.   n.s.  

Donges   et   al.  
(2013)  [23]  

3  months  exercise  training  
(resistance/endurance)  

47  untrained  middle  aged  men  
↓   n.s.   ↓  

Kim   et   al.   (2013)  
[24]  

6  weeks  exercise  training   22  cardiac  rehabilitation  
patients   n.s.   n.s.   n.s.  

Libardi   et   al.  
(2012)  [25]  

4  months  exercise  training  
(resistance,endurance,  concurrent)  

34  sedentary  middle-­age  men  
n.s.   n.s.   n.s.  

Reed   et   al.   (2010)  
[26]  

4  months  exercise  training  and  caloric  
restriction  (aerobic  training)  

Premenopausal  women  
n.s.   n.s.   ↓  

Andersson   et   al.  
(2010)  [27]  

14  days  cross-­country  skiing  tour  endurance  
(12-­30km/day)  

20  men  
⁭ ↑   ⁭ ↑   n.s.  
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Beavers   et   al.  
(2010)  [28]  

12  months  moderate  intensity  training     200  elderly   n.s.   -­-­-­   -­-­-­  

Balducci   et   al.  
(2009)  [29]  

12  months  high  intensity  (aerobic,  
aerobic/resistance)  training    

20  with  type  2  diabetes   ↓   ↓   -­-­-­  

Castellano   et   al.  
(2008)  [30]  

8  week  cycle-­ergometry     11  with  multiple  sclerosis     ⁭ ↑   -­-­-­   ↓  

Lambert   et   al.  
(2008)  [31]  

12  week  training    (aerobic  +  resistance  
training)  

8  obese  elderly   ↓   -­-­-­   ↓  

Kadoglou   et   al.  
(2007)  [32]  

6  months  aerobic  training     60  overweight  with  type  2  
diabetes  

n.s.   ↓   -­-­-­  

Aronson   et   al.  
(2004)  [33]  

Physical  fitness  evaluation     1.640  with  metabolic  syndrome   -­-­-­   ↓   -­-­-­  

Goldhammer   et   al.  
(2005)  [34]  

12  week  aerobic  exercise   28  with  coronary  disease   -­-­-­   ↓   ↓  

Lakka  et  al.  (2005)  
[12]  

20  week  exercise  training  3x/week   162  sedentary  healthy  with  
high  initial  CRP-­baseline  levels  

490  with  low  or  moderate  initial  
CRP  baseline  levels  

-­-­-­  

  

  

-­-­-­  

↓  

  

  

n.s.  

-­-­-­  

  

  

-­-­-­  

Milani  et  al.   (2004)  
[35]  

3  months  cardiac  rehabilitation  and  exercise  
training  with  weight  reduction  

277  with  coronary  heart  
disease  

-­-­-­   ↓   -­-­-­  

Okita   et   al.   (2004)  
[11]  

2  months  aerobic  training  with  weight  
reduction  

199  healthy  women   -­-­-­   ↓   -­-­-­  

Present  study   9  months  recreational  training     33  with  type  2  diabetes  and  
insulin  regimen  

⁭ ↑   n.s.   n.s.  

 

Table 7. Author(s), year, type and duration of exercise training, and study population; increase ( ↑� ), decrease ( ↓ ), no 
measurement (---) or no significant change (n.s.) in plasma levels of TNF-alpha, CRP, and IL-6. 

 

sCRP and IL-6 

CRP is a blood inflammation marker, which may play a role in many chronic diseases, including heart disease, stroke, and diabetes. 
Sorting through available data about the clinical relevance of TNF-α, IL-6 and slightly raised CRP levels produces incomplete and 
sometimes contradictory information. 

Several studies have shown that physical activity and cardiorespiratory fitness are inversely correlated to CRP [33] and that regular 
exercise significantly reduces circulating levels of CRP [11, 34]. Moreover, it is uncertain whether exercise has a direct effect on CRP 
levels independent of weight loss, which has been shown to reduce CRP levels consistently [36]. Several studies suggest that low 
physical fitness is associated with high levels of C-reactive protein (CRP), a marker of future cardiovascular events (see also Table 7). 

Aronson et al. [37] could show a concomitant decrease of CRP levels with increasing levels of physical fitness in middle-aged 
subjects with metabolic syndrome. Exercise may have effects on weight, cardiorespiratory fitness, insulin sensitivity, lipid profile and 
immune system. Thus designing a clinical trial that examines the role of lifestyle interventions such as exercise in reducing CRP may 
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be inconclusive due to interacting effects. Few studies have examined the effect of exercise on elevated levels of inflammatory 
biomarkers in diabetic subjects and reported contrasting results in terms of efficacy and dependence on weight loss. 

As most studies physical activity/exercise studies have been cross-sectional [4, 5, 6, 7, 33, 38] or have combined exercise with diet 
interventions [2, 21, 26, 39, 40, 41], it is presently unclear whether exercise training decreases CRP independently of weight loss. 
Moreover, the type, dose and intensity of physical long-term tolerated activity needed to obtain a significant anti-inflammatory effect 
in diabetes patients are largely unknown.  

IL-6 is a cytokine involved in a number of immunological processes, but it is also linked to exercise and possibly energy status. 
During exercise, muscle IL-6 levels and plasma IL-6 levels are increased and further augmented when intramuscular glycogen levels 
are low. Recent studies have demonstrated that IL-6 is also released from adipose tissue in response to an exercise bout. Furthermore, 
IL-6 has been demonstrated to have a lipolytic effect, thus possibly playing a role in mobilisation of energy as free fatty acids (FFA) 
in response to exercise [42]. It has been hypothesized that IL-6 is released from skeletal muscle during exercise to act in a 
“hormonlike” manner and increases lipolysis from adipose tissue to supply the muscle with substrate [43].  

In this study no relevant changes in s-CRP or IL-6 were seen. The recreational training two times a week did not decrease apparent 
factors of systemic inflammation. Maybe the intervention frequency and exercise intensity were not high enough. But considering the 
mean s-CRP baseline level of 4.14 ± 3.4 mgxl-1, it is a debatable point whether an increased inflammation status was even present. 
Insofar the inapparent exercise effect on s-CRP and IL-6 can not be assessed.  

A close correlation between CRP levels and glycated haemoglobin (HbA1c) has been reported, suggesting an association between 
glycemic control and systemic inflammation among patients with diabetes. The patients in our study were well controlled with a mean 
HbA1c value of 6.4 ± 0.76 % (46.45 mmol/mol), so controlling blood glucose levels may have contributed to low CRP levels at 
baseline as well. 

Effects on cardio-vascular risk parameters (lipid profile and blood glucose)  

In this study the patients were moving towards a slight weight loss. In this regard the recreational training had limited effects on 
weight. But it should not be disregarded that the majority of the diabetic patients complained a constant weight gain before joining 
this program. Weight gain was also the most important trigger for the acceptance of the exercise program. Insofar stagnant weight or 
minor weight loss can be seen as a success. Further in some patients hypoglycemia occurred due to exercise and others are 
apprehensive of hypoglycemia. This in turn was a welcome justification for higher glucose intake before or after sports. Finally this 
kind of exercise training causes no higher weight loss without improved and reduced nutrition and sports adapted medical 
management. The aim of our study was to look at the effects of recreational exercise on inflammatory and lipid parameters without 
the diluting effects of controlling diet and losing weight, which are also seen to lower inflammatory markers. The nine months 
recreational exercise training had no effects on HbA1c. This can be explained in the same way. 

For most type 2 diabetic patients over 60 years of age, physical training is not a feasible form of therapy because of other interfering 
diseases which may complicate or severely hinder all physical training apart from very low intensity exercise programs. Type 2 
diabetic subjects are predisposed to cardiovascular disease and are characterised by hyperlipidemia. This study shows that long-term 
low intensity training can markedly improve the blood lipid profile as measured by decreased levels of triglycerides, LDL, and total 
cholesterol.  

In regard of the study subjects´ low-density lipoprotein (LDL), cholesterol and triglyceride levels the nine months recreational 
exercise training resulted in marked improvements and protective effects, which are equivalent to a moderate drug or sustainable 
dietary intervention. The current guideline for LDL levels in individuals without systemic disease is <4 mmolxl-1. In individuals with 
diabetes the primary goal is an LDL <2.6 mmolxl-1. Compared to this goal, the higher mean LDL baseline level of 3.24 mmolxl-1 
could be reduced by the recreational training to 2.88 mmolxl-1 and thus within the range of recommendations for diabetic individuals. 
The current goal of triglyceride levels <1.7 mmolxl-1 in individuals with diabetes is also nearly reached due to this long-term training 
(2.1 vs. 1.82mmolxl-1 after 9 months). The HDL levels were higher than the current guideline of >1.15mmolxl-1 at baseline (1.22 
mmolxl-1) and could be raised to 1.24mmolxl-1 after the 9 months training period. The total cholesterol could be markedly reduced 
from 5.18 to 4.92 mmolxl-1 after 9 months and thus reached the primary goal of <5 mmolxl-1. 

Although the subjects had a priori good medical lipid management, a further reduction of LDL, cholesterol and triglyceride levels 
within the range of current guidelines for diabetic people could be achieved by this long-term recreational training over 9 months.  

 

Effects on cardio-circulatory system and endurance capacity  

Cardiovascular disease represents the main cause of morbidity and mortality in patients with type 2 diabetes. The nine months low-
intensity training was sufficient to obtain significant effects on cardio-circulatory parameters. The major effects were related to a 
significant improvement of the all day circulatory capacity by 103 %.This can be explained by a very low training intensity at the 
beginning because even low grade training exposure could be maintained only for few minutes by most patients. Training capacity 
after the 9 months recreational training was 56 ± 19.6 watt for 30 min. The endurance capacity of the diabetic patients was initially 
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limited by presence or high degree of complicating diseases, poor pre-training fitness and physical inactivity. The marked decrease in 
blood pressure (142.4 : 81.6 vs. 135.6 : 76.7 mmHg) near to the current guideline values of <130:80 mmHg due to recreational 
exercise training is equivalent to a moderate medical intervention and acts sustainable relieving on cardio-circulation. Further the 
heart stress resulting from the combined effects of blood pressure and heart rate was markedly reduced. The endurance capacity was 
improved by 103 % without an increased heart stress. This is best shown by the cardiac load (rate-pressure product divided by 1000). 
The rate-pressure product may be used as an index of myocardial oxygen consumption during exercise [44]. According to this 
parameter the myocardial oxygen demand during training had been reduced by about 50 %. 

 

These quite impressive results may have their explanation in the extremely detrained status of the diabetic patients, when an even 
moderate training impulse creates a relevant stimulus of physiological reaction and has such marked and sustained cardio-circulatory 
effects. 

5.   CONCLUSION 

This moderate exercise training program finally results in a 100 % higher cardio-pulmonary capacity after 9 months. The heart stress 
was reduced by 50 %. The significance of the increase in TNF-α levels by about 20 % remains unclear and requires further 
investigations 
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