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Abstract 

Objective: We have previously reported insignificant change of HbA1c after exercise in 

patients with both type 2 diabetes and coronary artery disease (CAD). In the present study we 

investigated the effect of exercise on endothelial function and possible associations between 

changes in endothelial function and HbA1c.   

Methods: Patients with type 2 diabetes and CAD (n=137) were randomised to 12 months 

exercise or standard follow-up. Endothelial function was assessed by circulating biomarkers 

(E-selectin, ICAM-1, VCAM-1, vWF, t-PA ag, ADMA and L-arginine/ADMA ratio). 

Differences between the randomised groups were analysed by ANCOVA and correlations by 

Spearmans rho or Pearson correlation.     

Results: No effect of exercise on endothelial function was demonstrated. The change of 

HbA1c in the exercise group correlated with changes in E-selectin (r=0.56, p<0.001), ICAM-1 

(r=0.27, p=0.052), VCAM-1 (r=0.32, p=0.022) and t-PA ag (r=0.35, p=0.011). HbA1c 

decreased significantly more in patients with versus without a concomitant reduction of E-

selectin (p=0.002), ICAM-1 (p=0.011), VCAM-1 (p=0.028) and t-PA ag (p=0.009).  

Conclusion: Exercise did not affect biomarkers of endothelial function in patients with both 

type 2 diabetes and CAD. However, changes in biomarkers of endothelial activation 

correlated with change of HbA1c, and reduced endothelial activation was associated with 

improved HbA1c after exercise. 
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Introduction 

Type 2 diabetes is associated with endothelial dysfunction, a hallmark of atherosclerosis 

initiation and progression, characterised by activated endothelial cells with expression of 

adhesion molecules, inflammatory cytokines and procoagulant factors.
1, 2

 Endothelial 

dysfunction shifts the vasoregulatory balance of the endothelium towards vasoconstriction 

and this may negatively affect blood flow and organ perfusion.
3
 Previous studies have 

demonstrated perfusion disturbances in patients with type 2 diabetes, which may be related to 

endothelial dysfunction.
4
 

Exercise training has numerous beneficial effects in type 2 diabetes, including improvement 

of glycemic control and cardiovascular risk profile.
5
 The mechanisms by which exercise 

benefits glucose control include enhanced insulin sensitivity and increased expression of 

GLUT4 transport molecules in the skeletal muscles.
5
 Further, exercise training may improve 

or even restore endothelial function in patients with type 2 diabetes,
6
 and this may facilitate 

glucose uptake through increased skeletal muscle perfusion and thus delivery of insulin and 

glucose to the periphery.
7
 Skeletal muscle blood flow is an important feature of whole body 

glucose disposal.
8
  

Patients with both type 2 diabetes and coronary artery disease (CAD) represent complicated 

diabetic patients with established atherosclerosis and further deteriorated vascular function.
9
 

These patients have been less investigated as a distinct group, and whether they experience 

comparable benefits from exercise training as diabetic patients without cardiovascular disease 

(CVD), is not clear. We have previously reported no overall significant effect of exercise 

training on HbA1c in this group of patients after 12 months of combined aerobic and strength 

training.
10

 This may indicate reduced effect of exercise on glycemic control and it could be 

speculated whether diabetic patients with complicated vascular disease experience impaired 
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glucose lowering effect of exercise, potentially through attenuated exercise-induced 

improvement of vascular function and skeletal muscle perfusion.  

The aim of the present study was to investigate the effect of 12 months exercise training on 

endothelial function, assessed by circulating biomarkers, in patients with both type 2 diabetes 

and CAD. Furthermore, we wanted to explore whether changes in these biomarkers were 

related to change of HbA1c in the exercise group. We hypothesised that changes in the 

biomarkers, possibly reflecting change of endothelial function, were associated with change 

of glycemic control. 

 

Materials and methods 

Study design and participants 

This study is a part of a randomised clinical trial that investigated the effects of exercise 

training on glycemic control, exercise capacity and measures of atherosclerosis in patients 

with type 2 diabetes and CAD (ClinicalTrials.gov: NCT01232608). Patients with known type 

2 diabetes and verified CAD by coronary angiography (n=137) were included at the 

Department of Cardiology, Oslo University Hospital, Ullevål, Oslo, Norway between August 

2010 and March 2012. The last follow-up was in March 2013. Exclusion criteria were 

presence of proliferative retinopathy, end stage renal disease, cancer, stroke or acute 

myocardial infarction within the last three months, unstable angina, uncompensated heart 

failure, serious arrhythmia, severe valvular disease, severe rheumatologic disease, chronic 

obstructive pulmonary disease stadium GOLD IV, thromboembolic disease, ongoing 

infections, severe musculoskeletal disorders and other disabilities limiting the ability for 

physical activity. Patients who were already engaged in exercise training that exceeded the 

training program in the study protocol were not included. All patients gave informed, written 

consent to participate in the study. The study was approved by The Regional Ethics 

http://www.clinicaltrials.gov/
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Committee (REK sør-øst) and was conducted according to the Declaration of Helsinki. At the 

time of inclusion, the patients were randomised to either the exercise group or the control 

group. Randomisation was performed by use of consecutively numbered, non-translucent 

envelopes containing allocation message to either of the randomised groups in a 1:1 ratio 

according to tables of random numbers, arranged by the Unit of Epidemiology and 

Biostatistics, Oslo University Hospital Ullevål. The patients in the control group continued 

with standard follow-up by their general practitioner and were not discouraged from physical 

activity or exercise. Study design and methods have previously been reported in details.
10

  

 

Exercise intervention  

The study participants randomised to the exercise group underwent a 12 months combined 

aerobic and resistance training program planned and conducted in collaboration with the 

Norwegian School of Sports Sciences, Oslo, Norway. The exercise program consisted of 

group-based exercise sessions of 60 minutes duration twice a week under supervision of 

qualified instructors throughout the intervention period, and a third weekly home-based 

individual exercise session. The total exercise volume was 150 minutes per week, of which 

approximately two-thirds was aerobic and one-third resistance exercises. The exercise 

sessions were guided by Borg’s scale of rated perceived exertion (RPE) and included parts of 

high intensity interval training (RPE ≥ 15).
10

  

 

Laboratory methods 

Blood samples were drawn at inclusion and within one week after the last exercise session by 

standard venipuncture between 0800 and 1000 AM after overnight fast, without medication 

taken since the preceding evening and without exercise training the last 24 hours. Endothelial 

function was assessed by circulating levels of asymmetric dimethylarginine (ADMA), L-
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arginine/ADMA ratio, E-selectin, intercellular adhesion molecule-1 (ICAM-1), vascular cell 

adhesion molecule-1 (VCAM-1), von Willebrand factor (vWF) and tissue plasminogen 

activator antigen (t-PA ag). E-selectin, ICAM-1 and VCAM-1 were measured in serum by 

enzyme-linked immunosorbent assay (ELISA) methods from R&D Systems Europe 

(Abingdon, UK), whereas vWF and t-PA ag were measured in citrated plasma with 

commercial ELISA methods (Asserachrom vWF Ag, Stago Diagnostica, Asnieres, France and 

TintElize tPA, Biopool AB, Trinity Biotech plo, Bray, Ireland, respectively). EDTA plasma 

samples were used for analyses of L-arginine and ADMA, determined by high performance 

liquid chromatography (HPLC) and precolumn derivatization with o-phtaldialdehyd (OPA) 

(Sigma Chemicals Co, St Louis, MO, USA). The inter-assay CVs in our lab were: E-selectin 

5.2%, ICAM-1 6.6%, VCAM-1 5.3%, vWF 8.0%, t-PA ag 3.5% and <5% for L-arginine and 

ADMA. HbA1c was measured by turbidimetric inhibition immunoassay (Roche, Basel, 

Switzerland). 

 

Statistical analysis 

The power calculation in the main study was based on an expected 10% relative reduction of 

HbA1c in the exercise group while unchanged in the control group. Accounting for possible 

drop-outs the calculation indicated a minimum of 68 patients in each arm of the study. 

Statistical analyses were performed according to “per protocol” principles, where patients 

with low exercise adherence were excluded from the calculations.
10

   

Demographic data are given as proportions, mean (±SD) or medians (25, 75 percentiles) with 

skewed data. Between group differences in baseline characteristics were calculated by 

independent-sample Students t-test, Chi-square test or Mann-Whitney test as appropriate. 

Differences between the randomised groups in changes of the biomarkers from baseline to 12 

months were calculated by one-way ANCOVA. Differences in change of HbA1c between 
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dichotomised strata in the exercise group were calculated by Mann-Whitney U test or 

independent-samples Students t-test as appropriate, whereas intragroup changes were 

analysed by Wilcoxon signed rank test or paired-samples Students t-test. Associations 

between changes in HbA1c and the measured biomarkers were calculated by Spearman’s rho 

or Pearson correlation as appropriate. Adjustments for changes in body weight and L-

arginine/ ADMA ratio were performed by multiple linear regressions, where non-parametric 

variables were log transformed. Normality was assessed by the Kolmogorov-Smirnov 

statistic. Changes during the study are presented as mean (95% confidence interval). SPSS 

version 18.0 for Windows was used. p value ≤ 0.05 was defined as statistically significant. 

 

Results 

Figure 1 shows the flow diagram of the patients. Baseline characteristics of the study 

population are shown in Table 1. No patients were in NYHA class III or IV. There were no 

significant differences between the randomised groups at baseline.  

 

Effects of exercise on biomarkers of endothelial function 

In the main study as previously reported, we did not observe an overall significant change of 

HbA1c from baseline to 12 months in the exercise group compared to the control group (-

0.22% [–0.49 to 0.04] vs. –0.01% [–0.25 to 0.24], p=0.24).
10

  

In Table 2, we present the biomarkers of endothelial function at baseline and after 12 months. 

We could not demonstrate significant differences between the randomised groups in changes 

during the study.  

 

Associations between changes in biomarkers of endothelial function and HbA1c 
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Changes in the biomarkers of endothelial activation (i.e. E-selectin, ICAM-1, VCAM-1, t-PA 

ag, vWF) during the study period correlated with change of HbA1c (Table 3). The strongest 

correlation was observed between changes in E-selectin and HbA1c (Table 3, Figure 2), highly 

significant also after adjustment for body weight changes during the intervention period 

(β=0.43, p=0.005). There were no significant correlations between change of HbA1c and 

changes in ADMA or L-arginine/ ADMA ratio. Dichotomising the patients in the exercise 

group according to reduction or not of the biomarkers, revealed significant larger 

improvement of HbA1c in patients with vs. without concomitant reduction of either E-selectin 

(p=0.002), ICAM-1 (p=0.011), VCAM-1 (p=0.028) or t-PA ag (p=0.009) during the study 

(Figure 3). HbA1c decreased significantly in patients with reduction of at least one of these 

biomarkers (p<0.05 for all), whereas patients with reduction of HbA1c (n=31) showed no 

change in any of the measured biomarkers (p>0.2 for all).  

There was no difference in change of HbA1c between patients with or without reduction in 

ADMA (p=0.27). However, HbA1c improved more in patients who did not increase L-

arginine/ ADMA ratio during the study compared to those who did (p=0.055) (Figure 3), and 

a significant decrease of HbA1c was observed in patients with reduction of this ratio 

(p=0.014). Change of L-arginine/ ADMA ratio did not correlate with change of E-selectin 

(p=0.81), and changes in HbA1c and E-selectin were still correlated after adjusting for changes 

in L-arginine/ ADMA ratio and body weight (β=0.42, p=0.007).      

 

Discussion 

In the present study we could not demonstrate significant effects of 12 months of combined 

aerobic and strength training on biomarkers of endothelial function in patients with both type 

2 diabetes and CAD. However, changes in biomarkers of endothelial activation during the 

study correlated with the change of HbA1c, and reduced endothelial activation was associated 
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with improved HbA1c after exercise. This may imply that the limited decrease of HbA1c 

observed in these patients was related to an attenuated effect of exercise on endothelial 

function.    

  

Effect of exercise on endothelial function in patients with type 2 diabetes and CAD 

The present study reports ancillary results from a relative large randomised controlled 

exercise trial in patients with both type 2 diabetes and CAD. Despite an increased awareness 

of the relationship between glucometabolic disorders and CVD in recent years,
11

 complicated 

diabetic patients with CVD have not been extensively investigated and whether they 

experience comparable benefits from different treatment options as patients with 

uncomplicated diabetes is not clear. Our previous results indicate that exercise may have 

reduced influence on glycemic control in diabetic patients with macrovascular disease.
10

 

The exercise trial was of 12 months duration and aimed at investigating sustainable effects of 

a manageable exercise intervention in a diseased group of patients. The exercise program was 

arranged in collaboration with the Norwegian School of Sports Sciences and included two 

supervised group-based exercise sessions per week throughout the intervention period. 

Further, the intervention was “exercise-only” and there were no changes in dietary habits or 

medication during the study.
10

  

Endothelial dysfunction was assessed by circulating biomarkers, and realising the limitation 

of evaluating endothelial function with biomarkers, the chosen biomarkers are widely 

accepted as surrogate measures of endothelial function/ dysfunction.
12, 13

 E-selectin, which is 

expressed on the surface of activated endothelial cells and triggers leukocyte adhesion and 

migration to the subendothelial space, is probably the most specific biomarker for endothelial 

activation and has also been associated with cardiovascular risk factors and adverse 
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cardiovascular prognosis.
12, 13

 Studies have also shown relationship between E-selectin and 

type 2 diabetes and adiposity.
14, 15

         

Like exercise trials in general, the volume and intensity of the training program may have 

influenced the results. We aimed at training the patients according to recommended guidelines 

in type 2 diabetes,
5
 and this was achieved for most of the intervention time. However, we 

experienced that our patients, with two chronic diseases and prevalent additional 

comorbidities, were susceptible for intercurrent illnesses and physical complains, and some 

patients had periods during the exercise year where they were unable to follow the prescribed 

exercise program.
10

 This influenced the average exercise adherence and thus possibly also our 

results.   

The relative long duration of our study may have had a more direct influence on the outcome. 

It has been discussed by others that endothelial function measured by flow-mediated dilation 

(FMD) may have an initial, transient beneficial response to exercise training that subsides as 

the exercise stimulus continuous and a structural adaptation of the vessels occurs.
16

 In line 

with this, a meta-analysis of patients with type 2 diabetes concluded that exercise training 

improved arterial endothelial function assessed by FMD, but also revealed a tendency towards 

lesser improvement of FMD with increasing number of weeks of the training program.
6
 A 

short 4-week exercise program also demonstrated beneficial effects on levels of E-selectin, 

ICAM-1 and VCAM-1 in patients with type 2 diabetes or impaired glucose tolerance,
17

 

whereas a 6-month exercise trial in patients with type 2 diabetes showed no effect on FMD 

and biomarkers of endothelial function.
18

 Although changes in FMD occurring along with 

vascular adaptation to exercise may not be applicable for endothelial biomarkers, any 

structural adaptation of the vasculature may influence endothelial function, and thus our 

results. 
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Sixt et al investigated patients with both type 2 diabetes and CAD, and they observed a strong 

trend for a decrease in ICAM-1 at 4 weeks after multifactorial lifestyle intervention 

(p=0.051), which returned to baseline levels at 6 months.
19

 The dilatory response to 

acetylcholine in the coronary arteries examined in this study, remained unchanged after 4 

weeks, but improved after 6 months.
19

 This study, however, had a comprehensive intervention 

with daily exercise training and a hypocaloric diet the first months, 
19

 making it not 

comparable to our study. In another trial of older patients with type 2 diabetes without CVD, 

6 months of aerobic exercise twice a week significantly decreased P-selectin and ICAM-1, 

however, no control group was included.
20

 In patients with CAD, Hambrecht et al showed 

improved endothelium-dependent vasodilation in coronary vessels after four weeks of 

exercise training,
21

 and a meta-analysis of patients with risk factors for or established CVD 

have shown reduced ICAM-1 and VCAM-1 after exercise training for 3 weeks to 6 months.
22

 

ADMA is a competitive inhibitor of nitric oxide (NO) synthase, thereby reducing NO 

bioavailability and contributing to endothelial dysfunction.
12

 Elevated levels of ADMA has 

been associated with cardiovascular risk factors, type 2 diabetes and CVD.
23

 The effect of 

exercise training on ADMA has not been extensively investigated, but there are studies 

indicating beneficial effect in patients with atherosclerotic disease
24, 25

 and unchanged levels 

in patients with heart failure.
26

   

The patients in the present study all had type 2 diabetes and CAD, and in addition a majority 

of the patients met the definition of having the metabolic syndrome. Many also presented with 

microvascular complications. Patients with atherosclerosis may have severely impaired 

vascular response to exercise,
27

 and type 2 diabetes and other cardiovascular risk factors may 

further deteriorate vascular function.
3
 One could therefore speculate that the patients in our 

study were more resistant to the beneficial effects of exercise on the vasculature compared to 
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uncomplicated diabetic patients, possibly due to attenuated exercise-induced NO-mediated 

responses in the diseased vessels.  

 

Association between exercise-induced changes in HbA1c and endothelial function 

There is an established association between glycemic control and endothelial function,
3, 12

 

however, the relationship between changes in these parameters is less clear. Trøseid et al 

demonstrated significant correlation between changes in HbA1c and E-selectin in patients with 

the metabolic syndrome, irrespective of the intervention (exercise, pravastatin or control).
28

 

Barone Gibbs et al showed correlation between reduced levels of ICAM-1 and HbA1c after 

exercise in patients with type 2 diabetes, although change of E-selectin unexpectedly was 

inversely correlated to change of HbA1c.
18

 Further, in a small exercise study of patients with 

type 2 diabetes (n=16), a correlation coefficient of -0.32 was observed between changes in 

FMD and HbA1c, however, not significant (p > 0.1).
29

 No associations were observed between 

improved acetylcholine response in coronary arteries and changes in endothelial biomarkers 

in patients with type 2 diabetes and CAD.
19

  

In the present study we demonstrated significant correlations in the exercise group between 

changes in E-selectin, t-PA ag, VCAM-1 and ICAM-1 and the change of HbA1c. This indicate 

an association between changes in endothelial activation and glycemic control. In type 2 

diabetes, hyperglycemia may lead to accumulation of glucose and its metabolites in 

endothelial cells, activating alternative metabolic pathways that increase inflammation and 

oxidative stress, form advanced glycation end products and modify endothelial NO synthase 

(eNOS)  activity, resulting in endothelial activation and dysfunction.
3, 12

 The observed 

association may therefore be caused by a change in glucose levels that subsequently affects 

endothelial activation. A change of insulin resistance may also influence endothelial function, 
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directly through the vasodilatory properties of insulin,
7
 or indirectly by change of glucose 

uptake. 

Changes in HbA1c and endothelial function after exercise may also be associated through a 

primary variation in endothelial activation. Exercise training induces translocation of the 

GLUT4 molecule from intracellular storage depots to the plasma membrane and T-tubules in 

skeletal muscle cells, making more transport molecules accessible for peripheral glucose 

uptake.
8
 However, increased blood flow and glucose delivery to the skeletal muscles is also 

important for enhanced whole body glucose disposal to occur.
8
 The observed association may 

therefore be explained by exercise-induced eNOS activation and NO release, which may 

reduce endothelial activation and further induce vasodilation and increased skeletal muscle 

perfusion. This may increase peripheral glucose delivery and uptake.
7
  

Change of HbA1c did not significantly correlate with changes in ADMA or L-arginine/ 

ADMA ratio. However, improvement of HbA1c after exercise was associated with a reduction 

of L-arginine/ ADMA ratio during the study. As reduced L-arginine/ ADMA ratio indicate 

attenuated eNOS activity and NO bioavailability,
23

 which may be unfavourable for glycemic 

control, this result is surprising and not easily explained. The change in L-arginine/ ADMA 

ratio was not associated with change of E-selectin and it did not interfere with the relationship 

between HbA1c and E-selectin. Thus, changes in L-arginine/ ADMA ratio and HbA1c in our 

patients do not seem to be related through variations in endothelial activation. Interestingly, 

Anderssohn et al has suggested that inhibition of eNOS by ADMA may be beneficial in a 

situation where eNOS is “uncoupled” and produces superoxide anion, which may be the case 

in type 2 diabetes.
23

 One could therefore speculate whether patients in our study with 

“uncoupled” eNOS and a reduction of L-arginine/ ADMA ratio, experienced attenuated 

formation of reactive oxygen species and oxidative stress during the study, thereby improving 

intracellular glucose handling and glycemic control.
30
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Is reduced endothelial activation after exercise important for improved HbA1c? 

In the present study we demonstrated that patients with reduced endothelial activation during 

the study experienced beneficial effects on HbA1c. On the contrary, in patients with decreased 

HbA1c, there were no significant changes in any biomarker. These results indicate that 

reduced endothelial activation contributes more to reduced HbA1c after exercise than the other 

way around. This is in accordance with the theory that improved vascular function and 

skeletal muscle perfusion is important for increased glucose uptake.
7
 A further interpretation 

of the results is that diabetic patients with attenuated vascular response to exercise experience 

smaller improvements of glycemic control compared to patients with preserved exercise 

effects on the vasculature. We observed a limited reduction of HbA1c in patients with type 2 

diabetes and established macrovascular disease, and a possible explanation is that a majority 

of the patients in the exercise group did not improve endothelial function and skeletal muscle 

perfusion. These results are based on correlation analyses in subgroups and must be 

interpreted with caution. They may only serve as hypothesis generating. Nevertheless, 

changes of endothelial activation and HbA1c after exercise were associated in our patients, and 

despite no overall effect of exercise on HbA1c, improvements were observed in patients with a 

concomitant reduction of endothelial activation. 

 

Conclusion 

We did not observe significant change in biomarkers of endothelial function after 12 months 

of combined aerobic and strength training in this group of patients with both type 2 diabetes 

and CAD. However, changes in the biomarkers of endothelial activation during the study 

correlated with change of HbA1c, and reduced endothelial activation was associated with 

improved HbA1c after exercise. This may imply that the limited decrease of HbA1c observed 
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in these patients was related to an attenuated effect of exercise on endothelial function and 

thus, possibly, skeletal muscle perfusion.      
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Figure legends 

Figure 1 

Flow diagram of the patients in the study. 

 

Figure 2 

Scatterplot of absolute changes in HbA1c (%) and E-selectin (ng/mL) in the exercise group 

(n=52). p value refers to Spearman’s rho.  

 

Figure 3 
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Absolute change of HbA1c (95% confidence interval) in the exercise group (n=52) in patients 

with reduction of E-selectin (n=23), ICAM-1 (n=21) and t-PA antigen (n=23) or increase of 

L-arginine/ ADMA ratio (n=26) during the study compared to without. 
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Table 1. Baseline characteristics of all included patients and patients completing the study 

according to the randomised groups 

 

Characteristics All (n=137)
a 

Control (n=62) Exercise (n=52) p value 

Age (years) 63.1  7.9 63.2  7.2 64.6  7.6 0.32 

Gender (male/ female), n  115/ 22 50/ 12 45/ 7 0.56 

Ethnicity (Caucasian/ non-Caucasian), n 114/ 23 52/ 10 48/ 4 0.28 

BMI (kg/m
2
) 29.2  5.0 29.0  5.6 29.1  4.0 0.82 

Waist Circumference (cm) 106.1  12.7 105.3  14.2 106.0  11.6 0.79 

Current smoker, n (%) 23 (17) 9 (15) 9 (17) 0.88 

Hypertension, n (%) 100 (73) 46 (74) 39 (75) 1.00 

Metabolic syndrome
b
, n (%) 105 (77) 47 (76) 40 (77) 1.00 

Years of diabetes
c 

9 (5, 15) 9 (5, 13) 11 (5, 15) 0.29 

Microvascular complications
d
, n 

 
(%)

 
55 (40) 23 (37) 20 (39) 1.00 

Angina pectoris, n (%) 51 (37) 26 (42) 22 (42) 1.00 

Previous myocardial infarction, n (%) 62 (45) 31 (50) 20 (38) 0.30 

Chronic heart failure, n (%) 11 (8) 5 (8) 2 (4) 0.59 

NYHA class II, n (%) 30 (22) 18 (29) 16 (31) 0.85 

HbA1c (%)
c 

7.4 (6.8, 8.3) 7.3 (6.8, 7.9) 7.4 (6.8, 8.4) 0.63 

Creatinine (μmol/L)
c 

79 (68, 91) 67 (81, 88) 77 (69, 93) 0.90 

Medication, n (%)     

- Anti-platelet therapy 129 (94) 61 (98) 47 (90) 0.14 

- Statin 128 (93) 58 (94) 49 (94) 1.00 

- Beta-blocker 106 (77) 48 (77) 40 (77) 1.00 

- ACE/ ARB 97 (70) 46 (74) 34 (65) 0.41 

- Metformin 101 (74) 46 (74) 40 (77) 0.91 

- Sulfonylurea 48 (35) 17 (27) 23 (44) 0.094 

- Gliptin 17 (12) 11 (18) 6 (12) 0.51 

- Insulin/ insulin-analogue 26 (19) 12 (19) 10 (19) 1.00 

 

Data are presented as proportions or mean value± SD if not otherwise stated  
a
No significant between group differences 

b
The International Diabetes Federation definition 

c
Median (25, 75 percentiles) 

d
Defined as known diabetes nephropathy/ neuropathy/ retinopathy and/ or albuminuria (including micro-) and/ or 

positive monofilament test at time of inclusion 

ACE, angiotensin converting enzyme inhibitor  

ARB, angiotensin receptor blocker 

p values refer differences between the randomised groups at baseline in patients completing the study  
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Table 2. Biomarkers of endothelial function at baseline and 12 months according to the 

randomised groups 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Data are presented median (25, 75 percentiles) unless otherwise stated 
a
Mean value ± SD 

p values refer to differences in changes from baseline to 12 months between the randomised groups (one-way 

ANCOVA) 

 

  

 Control (n=62) Exercise (n=52)  

  Baseline 12 months Baseline 12 months p value 

ICAM-1 

(ng/mL)
 

219  

(197, 264) 

226  

(194, 268) 

228  

(196, 261) 

233  

(204, 276) 
0.29 

VCAM-1 

(ng/mL)
 

869  

(766, 990) 

863  

(763, 980) 

864  

(725, 1002) 

845  

(748, 1066) 
0.70 

E-selectin 

(ng/mL)
 

40.7  

(31.8, 56.6) 

41.1  

(32.0, 56.8) 

43.3  

(31.6, 59.6) 

43.2  

(29.7, 61.8) 
0.39 

vWF (%) 
116  

(93, 149) 

107  

(86, 138) 

118  

(81, 132) 

111  

(91, 139) 
0.53 

tPAag 

(ng/mL)
 

10.0  

(7.7, 12.0) 

9.7  

(8.0, 12.5) 

9.5  

(7.7, 11.5) 

10.7  

(8.9, 13.0) 
0.47 

ADMA
a
 

(µmol/L) 
0.68 ± 0.14 0.69 ± 0.15 0.67 ± 0.12 0.67 ± 0.13 0.94 

L-arginine/ 

ADMA ratio
a 110 ± 29 111 ± 31 113 ± 23 113 ± 25 0.82 
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Table 3. Correlations between change of HbA1c and changes in biomarkers of endothelial 

function during the study in the exercise group (n=52) 

 

 ΔE-selectin ΔICAM-1 ΔVCAM-1 Δt-PAag ΔvWF ΔADMA
a Δ (L-arg/ 

ADMA)
a 

ΔHbA1c 
r = 0.56  

p < 0.001 

r = 0.27  

p = 0.052 

r = 0.32  

p = 0.022 

r = 0.35  

p = 0.011 

r = 0.26  

p = 0.069 

r = -0.13  

p = 0.38 

r = 0.21  

p = 0.14 

 

p values refer to Spearmans rho unless otherwise stated 
a
Pearson correlation 
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Figure 1 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Assessed for eligibility (n=463) 

Excluded  (n=326) 

   Not meeting inclusion criteria (n=20) 

   Not interessted (n=306) 

Analysed (“per protocol”) (n=52) 

 Excluded from analysis: 9 (due to low 

exercise adherence)  

Allocated to EXERCISE (n=69) 

 Received allocated intervention: 67 

Did not receive allocated intervention: 2 

(dropped out after randomisation) 

 

 

2) 

 

Allocated to CONTROL (n=68) 

 Received allocated intervention (n=68) 

Did not receive allocated intervention: 0 

Randomised (n=137) 

Lost to follow-up (n=6) 

 Could not be contacted: 2 

 Dropped out due to medical reasons: 4 

 

Lost to follow-up (n=6) 

Could not be contacted: 3 

 Dissatisfied with control group: 2 

 Excluded from analysis: 1 (diagnosed with 

cancer during study period) 

 

Completed study (“intention to treat”) (n=61) 

 
Completed study (n=62) 
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Figure 2 
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Figure 3 

 

 


