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ABSTRACT 4 

Objectives: The increase in symmetric (SDMA) and asymmetric dimethyl arginine (ADMA) is 5 

associated with endothelial dysfunction. The aim of the this study was to evaluate the effect of  6 

exercise on ADMA and SDMA levels and related ratios in type 2 DM. 7 

Study design: Thirty-six women with type 2 DM and 44 healthy women were recruited to the 8 

study. Fourteen and 19 subjects, respectively, attended a four-weeks of moderate intensity 9 

exercise. Plasma SDMA, ADMA, and L-arginine levels were measured by HPLC method at the 10 

initial, after the first exercise session, and after one month.  11 

Results: All measurements were within normal range in both groups and did not change 12 

significantly immediately after exercise and after the first month. In exercising healthy group, L-13 

arginine/ADMA and L-arginine/SDMA ratios after one month were significantly higher than the 14 

initial values (p<0.022 and p=0.017, respectively). After one month of exercise L-15 

arginine/ADMA and L-arginine/SDMA ratios increased in diabetics and decreased in healthy 16 

subjects when compared to those after first exercise session (p=0.026 and p=0.037, respectively).  17 

Conclusion: We suggest that L-arginine/ADMA and L-arginine/SDMA ratios should be used in 18 

spite of absolute values. These molecules have a substantial role in beneficial effects of exercise 19 

in healthy subjects while their role is scarce in diabetics. 20 
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INTRODUCTION 22 

Cardiovascular disease is the most leading cause of death in diabetes mellitus (DM) and 23 

regular exercise reduces the risk, irrespective of weight loss and glucose control [1,2].  24 

Systemic inflammation decreases and endothelial vasodilation recovers during exercise. 25 

One of the systems involved is nitric oxide (NO) pathway. The most anti-atherogenic substance 26 

secreted by endothelium is NO. It is derived from a semi-essential amino acid, L-arginine [3]. 27 

NO regulates vascular smooth muscle tone and inhibits many proatherogenic process such as 28 

monocyte and platelet adhesion, low-density lipoprotein oxidation, and synthesis of 29 

inflammatory cytokines. Besides NO increases insulin sensitivity [3].  30 

An L-arginine metabolite, ADMA, is the major endogenous NOS inhibitor [4]. L-31 

arginine/ADMA ratio shows NO synthesis [5,6]. ADMA is degraded by the enzyme 32 

dimethylarginine dimethylaminohydrolase (DDAH). ADMA demolishes endothelium derived 33 



flow response substantially [5]. Increased ADMA impairs endothelium derived NO mediated 34 

vasodilation, enhances monocyte adhesion, and causes platelet hyperaggregation [7]. 35 

Plasma ADMA levels increase in many instances related to endothelial dysfuntion such 36 

as hypercholesterolemia, atherosclerosis,
 
hypertension, chonic renal insufficiency, chronic heart 37 

failure, and smoking [8,9]. Furthermore ADMA increases 2-3 fold in type 2 DM [4,10,11,12]. L-38 

arginine levels hover in normal range in these clinical situations where ADMA increases. 39 

Thereby L-arginine/ADMA ratio decreases [3].  40 

Another dimetihylarginine (DMA) compound, SDMA competes with cellular uptake of 41 

L-arginine and cannot inhibit NOS. There are reports showing that SDMA as well as ADMA is 42 

related to vascular diseases [3]. SDMA is more closely related to renal insufficiency compared to 43 

ADMA [6]. ADMA/SDMA ratio reflects DDAH activity [10]. L-arginine/SDMA ratio is an 44 

indicator of renal insufficiency [13]. SDMA, which competes with L-arginine for reabsorption, is 45 

responsible for changing ratios in renal insufficiency.  46 

The only research about ADMA level in regularly exercising diabetics was conducted in 47 

type 1 DM. It was shown that ADMA decreased during regular exercise but the beneficial effect 48 

dissipated months after cessation of exercise [14]. ADMA status is obscure in exercising type 2 49 

diabetics. In this study we aimed to evaluate ADMA, SDMA, and L-arginine levels in type 2 50 

DM and their relation to exercise.  51 

MATERIALS AND METHODS 52 

Subjects 53 

Thirty-six women diagnosed with type 2 DM [15] and 44 healthy women without any 54 

known systemic disease (control group) were enrolled in the study.  55 

None of the diabetic subjects were on steroid, insulin, nebivolol, and nitrate therapy. The 56 

patients with a history of hypertension and those with blood pressure of ≥140 mmHg systolic and 57 

≥90 mmHg diastolic were recorded as hypertensive. Those who had blood pressure above 58 

160/90 mmHg, proliferative diabetic retinopathy, muscle-skeletal disease, chronic renal disease 59 

(creatinine clearance calculated in 24 hour urine less than 30 mL/minute), or liver failure were 60 

not included to the study.  61 

The control group had a fasting glucose level below 100 mg/dL and 2-hour glucose level 62 

less than 140 mg/dL after 75 g glucose load. They had a normal blood pressure of less than 140 63 

mmHg systolic and less than 90 mmHg diastolic. 64 

Height, weight, and waist and hip circumference were measured. Body mass index (BMI) 65 

was calculated by dividing weight in kilograms by square of height in meters (kg/m
2
). Waist/hip 66 



ratio were recorded. The subjects with a BMI of 25-29 kg/m
2 

were classified as overweight and 67 

BMI of ≥30 kg/m
2
 as obese [16].  68 

TSH and serum insulin was measured by chemiluminescence immunoassay method 69 

(BIO-DPC, Immulite, USA). HDL and total cholesterol, triglyceride levels were measured by 70 

spectrophotometry (Beckman Coulter). LDL cholesterol was calculated according to Friedewald 71 

formula [total cholesterol-(triglyceride/5+HDL)]. Creatinine was evaluated by 72 

spectrophotometer autoanalyser (MEGA 600, Merck, Germany) using Diasis (Germany) kits.  73 

Insulin resistance was calculated using the homeostasis model assessment (HOMA-R) formula 74 

[17]. Hemoglobin A1c was measured by immunoassay method. 75 

The study was approved by ethics commitee. Written informed consent was taken from 76 

the enrollees.  77 

Exercise Protocol 78 

None of the subjects had participated in regular exercise programme during the 79 

preceeding three months. Fourteen diabetic and 19 healthy subjects attended an exercise 80 

programme that consisted 12 sessions. Daily activities of the subjects who refused to contribute 81 

to the exercise programme were released free. The subjects who did not regularly attend to the 82 

programme were dropped off the exercise group.  83 

Fat perecentage was measured before the exercise programme (Tanita Model 300, Tokyo, 84 

Japan). In order to determine the intensity of exercise, a submaximal work test was performed 85 

and maximal oxygen uptake (VO2max) was calculated. Exercise programme was tailored 86 

individually with an intensity of 40% VO2max, 40 minutes per day, 3 days per week for 4 87 

successive weeks. Exercise intensity was increased in subjects who adhered to the programme. 88 

Therefore moderate intensity exercise was considered to be appropriate.   89 

Submaximal work test (Astrand Cycle Ergometer Test) was performed using a 90 

computerized ergometer (Monark 894-E, Monark Exercise AB, Sweden). A suitable load is 91 

chosen as 300 kpm/min (1 kp and 50 pedal turns) or 600 kpm/min (2 kp and 50 pedal turns). 92 

Ergometer pedal was ridden for 6 minutes and the heart rate was recorded every minute until the 93 

same heart rate was provided in the successive 2 minutes or difference between last two heart 94 

rates was four in maximum. The heart rate was monitored with a chest belt telemetry system 95 

(Polar 610i, Monark Exercise AB, Sweden). The values were evaluated in the Modified Astrand-96 

Ryhming nomogram and VO2max was calculated [18]. The test was discontinued when heart rate 97 

of the subjects aging over 40 years exceeded 150 rpm. Load was not let to exceed 600 kpm.  98 

ADMA, SDMA and L-arginine Measurement 99 



Blood samples drawn at 08:30-09:00 am after one night fasting were collected to ethylene 100 

diamine tetra acetic acid (EDTA) containing tubes at the beginning of the study. The alliquots 101 

were centrifuged at 5000 rpm for 5 minutes within 30 minutes of collection. The supernatant was 102 

stored at -80 ºC until analysis. The exercise attendees were sampled again within 15 minutes 103 

after the first and last session of exercise. Non-exercise subjects were also sampled after one 104 

month.  105 

 ADMA was determined using the established HPLC method described by Teerlink [19].  106 

Statistical Analysis 107 

Descriptive statistics of the variables and normal distribution was tested by one-sample  108 

Kolmogorov Simirnov test. Clinical variables were analyzed by Fisher exact test.   109 

Student’s t testi was used for variables showing normal distribution to evaluate difference 110 

between two groups. ADMA, SDMA, and L-arginine values and L-arginine/ADMA, L-111 

arginine/SDMA, and ADMA/SDMA ratios at the beginning, after the first and last session of 112 

exercise, and after one month were compared by Bonferroni multiple comparison test within 113 

each group (diabetic and control group). Analysis of covariance was used for comparison of the 114 

groups.  115 

The values were expressed as mean  standard deviation. A p value lower than 0.05 was 116 

accepted as statistical significance. Statistica 7.0 (Installer Code: 31N6YUCV38) programme 117 

was used for statistical analysis.  118 

RESULTS 119 

Two (9%) from diabetic non-exercise group (n=22) and 5 (35%) diabetic exercise group 120 

(n=14) had hypertension. One (4%) subject from diabetic non-exercise group and 2 (14%) 121 

subjects from diabetic exercise group had non-proliferative retinopathy. Other clinical features 122 

and laboratory values are shown in Table 1 and Table 2. 123 

Among exercising subjects 8 diabetic patient and 5 healthy control were unable to 124 

complete the programme. One exercising diabetic had positive exercise test on Bruce protocol 125 

and underwent coronary angiography. None of the subjects could exercise beyond stage 3 of the 126 

Bruce protocol. The most common symptom for discontinuation was tiredness. Angina and 127 

hypotension did not occur.   128 

There was no correlation between ADMA and age in contrast to the previous data [20]. 129 

There was a positive correlation between SDMA and age (beta=0.226, p=0.044). These relations 130 

did not affect L-arginine/ADMA, L-arginine/SDMA, and ADMA/SDMA ratios. 131 

Creatinine clearance was measured only in DM group. There was a negative correlation 132 

between creatinine clearance and SDMA (beta=-0.477, p=0.003) and between creatinine 133 



clearance and ADMA (beta=-0.482, p=0.003). This correlation reflected to ADMA/SDMA ratio 134 

as a positive correlation (beta=0.348) (p=0.037). Even though L-arginine was not correlated with 135 

creatinine clearance, there was a positive correlation between creatinine clearance and L-136 

arginine/SDMA ratio (beta=-0.343, p=0.04). There was no correlation between creatinine 137 

clearance and L-arginine/ADMA ratio. 138 

Initial mean ADMA, L-arginine, and SDMA levels and ADMA/SDMA L-139 

arginine/ADMA and L-arginine/SDMA ratios did not differ significantly in diabetic and healthy 140 

subgroups (Table 2). After the first
 
exercise session, these values did not change significantly 141 

compared with the initial values. At the end of one month ADMA, L-arginine, and SDMA levels 142 

and ADMA/SDMA ratio did not change significantly either.  143 

The only change was observed in exercising control group at the end of one month. L-144 

arginine/ADMA ratio increased significantly from the initial value in comparison to the other 3 145 

groups [non-exercising control, (p=0.004); non-exercising diabetics (p=0.022); exercising 146 

diabetics (p=0.001)]. On the contrary, L-arginine/ADMA ratio decreased in exercising control 147 

group while increased in exercising diabetic group compared to the value obtained at the end of 148 

first exercise session (p=0.026). 149 

After the first month L-arginine/SDMA ratio was significantly higher from the initial 150 

value in exercising control group only in comparison to non-exercising control group (p=0.017). 151 

When compared to the values obtained at the end of first exercise session, L-arginine/SDMA 152 

ratios decreased in exercising control group while increased in exercising diabetic group 153 

(p=0.037).  154 

DISCUSSION 155 

It is known that ADMA plays a role in decreased NO production in DM, but the levels 156 

vary a great deal according to the method and sample used. Serum ADMA levels are 60-70% 157 

higher than plasma levels. Results with ELISA are higher than the golden standard HPLC 158 

method [3]. Therefore there are contradictory data about ADMA levels. Most of the studies 159 

showed higher ADMA levels in type 2 DM [11,21], while others yielded normal levels 160 

[4,20,24,25]. Inhibiton of DDAH by hyperglycemia and advanced glycosylated products was 161 

blamed [23,24]. In our study ADMA and SDMA levels did not differ between healthy control 162 

and diabetic subjects. We did not observe 2-3 fold increases as described in previous reports 163 

[3,10].   164 

ADMA decreases as hyperglycemia is controlled [26] and is in negative relation with 165 

HbA1c level [20]. Our HbA1c results were lower than these studies. We did not find any 166 



correlation between ADMA and SDMA levels and HbA1c. Not any degree but a certain level of 167 

glycemia may effect ADMA level.  168 

ADMA increases in renal failure due to decreased excretion and decreased DDAH 169 

activity [7,24]. ADMA is higher in type 2 diabetics with hyperfiltration than non-diabetic 170 

subjects [20]. In our study all diabetic patients had creatinine clearance over 30 mL/min. 171 

Creatinine clearance was negatively correlated with ADMA and SDMA levels. This negative 172 

correlation reflected to ADMA/SDMA ratio as a positive correlation (beta=0.348, p=0.037). In 173 

another words since the decrease in SDMA was to a greater extent than the increase in ADMA, a 174 

positive correlation was detected between their ratio and creatinine clearance. Therefore it may 175 

be concluded that SDMA increases more than ADMA and is a better indicator of renal clearance. 176 

This result is compatible with the relation detected between renal clearance and ADMA and 177 

SDMA levels in the literature [3,12,20,24]. 178 

Since ADMA levels might overlap in healthy people and patients, it is advised that L-179 

arginine/ADMA ratio should be used instead [3,5]. In our study mean L-arginine levels and L-180 

arginine/ADMA ratio of healthy control and diabetic subjects were compatible with the 181 

literature.  182 

There are three reports in the literature about how regular exercise effects ADMA. 183 

Mittermayer et a [14] studied type 1 DM patients and found that ADMA decreased after regular 184 

exercise and therefore L-arginine/ADMA ratio increased similar to our study. The effect 185 

continued months after cessation of exercise. There was no healthy control group in that study.  186 

In the study done by Gomes et al [27], 18 patients with metabolic syndrome attended a 3 187 

month exercise programme. Age and gender matched healthy control subjects did not participate 188 

in exercise programme. The groups did not differ in terms of ADMA level. After 3 months 189 

ADMA increased in the non-exercise group, while decreased significantly in the exercise group. 190 

Exercise may induce NO production via increased blood flow and vascular stress. The increased 191 

NO level was proposed to be responsible for the decrease of ADMA after exercise. OGTT was 192 

not done to exclude DM and plasma glucose levels of the exercise group were at the range of 193 

prediabetes. Mean age of the enrollees were higher than our subjects. ADMA levels as high as 194 

1.5 μM even in healthy group were above the expected normal levels. L-arginine/ADMA ratio 195 

was not stated. This may be due to ELISA method used.  196 

In a study done by Niebauer et al [28], after an 8 week exercise programme ADMA and 197 

L-arginine measured by HPLC increased, while SDMA and L-arginine/ADMA ratio decreased 198 

in patients with chronic heart failure and increased in the healthy group. These changes were not 199 

statistically significant. It was suggested that ADMA compensatorily increased due to enhanced 200 



NOS enzyme activity in heart failure. Mean age of the enrollees were higher than ours. There is 201 

no data in that report about glucose metabolism status (fasting plasma glucose or OGTT).  202 

In our study ADMA decreased in the exercising healthy control group. The decrease was 203 

more prominent after first exercise session. The decrease after one month of regular exercise was 204 

less. On the contrary ADMA increased after first exercise session in the exercising DM group. 205 

ADMA decreased after one month of regular exercise although remained higher than the initial 206 

levels. SDMA decreased to a greater extent in healthy control group than in DM group after one 207 

month of regular exercise. L-arginine increased in the exercising healthy control group, while it 208 

increased in the exercising DM group. Although changes in ADMA, SDMA, and L-arginine 209 

levels did not reach statistical significance, the ratios between them (L-arginine/ADMA and L-210 

arginine/SDMA) differed significantly. The most prominent increase observed in exercising 211 

healthy control subjects suggested that healthy control subjects benefited exercise the most. In 212 

DM, there may be other protective pathways besides NOS system components (ADMA, SDMA, 213 

and L-arginine) that are operational in the effect of exercise on hypertension, weight, body fat 214 

composition, and glycemic control.  215 

Our exercising subjects did not experience significant weight loss at the end of one month 216 

exercise programme. Similarly in a meta-analysis of 12 studies done by Boulé et al [2] revealed 217 

no significant weight loss in type 2 DM patients admitted to an aerobic exercise programme 218 

more than 8 weeks of duration. Boulé proposed that exercise was not done at enough frequency 219 

and for duration to provide weight loss. The author also suggested that body composition was 220 

not recorded in these studies and fat mass lost with exercise might be compensated by fat free 221 

mass. In another meta-analysis of aerobic exercise studies [29], fat mass was measured by 222 

magnetic resonance imaging and abdominal visceral fat mass decreased by 48% and abdominal 223 

subcutaneous fat mass by 18%. In our study the number of diabetic patients completing exercise 224 

programme was not large enough to conclude about the change in body composition.  225 

Our study is the first one that evaluated the effect of regular exercise on ADMA, SDMA, 226 

and L-arginine levels in type 2 DM. We suggest that L-arginine/ADMA and L-arginine/SDMA 227 

ratios should be used to evaluate NOS system instead of their absolute levels. Although the 228 

components of the NOS system plays a master role in regressing atherosclerosis in exercising 229 

healthy people, its importance decreases in DM. Exercise programmes of longer duration and a 230 

larger number of diabetic patients are needed to reach a final decision.  231 

 232 
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Table 1. Clinical features and laboratory values of the attendees.  324 

 325 

 Non-exercising 

controls (N=25) 

Exercising controls 
(N=19) 

Non-exercising 

diabetics (N=22) 

Exercising diabetics 
(N=14) 

P 

Age*  40.8±9.3 30.7±5.7 50.5±7.9 47.3±10.7 <0.0001 

Smoking 5 7 6 3 0.61 

Menopause status  7 1 15 8 0.50 
TSH (mIU/L) 1.90±1.05 2.13±1.32 2.01±1.2 2.25±1.76 0.72 

Total cholesterol (mg/dL) 192±42 175±28 199±45 186±38 0.11 

TG* (mg/dL) 115±41 107±46 142±85 127±45 0.03 
LDL (mg/dL) 119±40 105±28 128±38 110±30 0.31 

HDL* (mg/dL) 51±12 49±13 42±8 48±10 0.02 

HbA1c (%)   7.58±1.53 7.67±1.18 0.42 
Ccr (mL/min)   85.59±30.96 92.82±16.63 0.54 

Ccr group**   1:n=14, 2:n=5, 3:n=6 1:n=5, 2:n=6, 3:n=3  0.43 

MAU    9 (%40) 2 (%14) 0.09 

VO2max* (mL/kg/min)  34.4±8.9  17.4±3.4 <0.0001 
Fat free mass (kg)  48.5±5.1  47.1±5.9 0.46 

Fat mass* (%)  25.6±7.8  41.0±6.2 <0.0001 

 Initial 1
st 

month Initial 1
st 

month Initial 1
st 

month Initial 1
st 

month  
Waist* (cm) 95.8±10.9 96.05±11.7 88.5±11.5 87.7±10.7 99.5±8.5 100.3±10.0 109.0±10.8 112.6±12.0 <0.0001,0.001 

WHR 0.90±0.05 0.91±0.05 0.90±0.07 0.90±0.06 0.92±0.07 0.93±0.07 0.95±0.07 0.95±0.06 0.09,0.09 

BMI* (kg/m
2
) 29.9±5.1 29.8±11.7 25.6±4.7 25.01±4.4 33.0±4.9 32.1±4.3 35.4±6.3 38.3±8.3 <0.0001, <0.0001 

HOMAR     4.5±4.2 4.7±1.8 3.9±1,1 8.6±9.9 0.002, 0.007 

WHR: Waist/hip ratio, TG: Triglyceride, Ccr: Creatinine clearence, MAU: Microalbuminuria, HbA1c: Hemoglobin A1c, HOMAR: Homeostatic model assessment of 326 
resistance. * p<0.05, DM vs control group. **Ccr group: 1=>90 mL/min, 2=60-90 mL/min, 3=30-60 mL/min. 327 
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Table 2. Measurements at three time-points. ADMA, SDMA, and L-arginine values are 328 

expressed in micromolar units (μM). 329 

 330 

 Non-exercising 

controls 

Exercising controls Non-exercising 

Diabetics 

Exercising 

diabetics 

Initial      

ADMA  0.51±0.18 0.52±0.14 0.56±0.20 0.56±0.12 

SDMA  0.40±0.17 0.40±0.09 0.42±0.15 0.41±0.20 

Arginine 65.1±23.6 68.8±29.7 70.0±30.2 82.3±53.0 

Arginine/ADMA 137.9±56.7 128.9±36.0 128.9±43.5 139.1±63.5 

Arginine/SDMA 199.8±155.3 168.2±54.3 182.7±84.2 158.8±32.4 

ADMA/SDMA 1.38±0.49 1.31±0.25 1.40±0.36 1.30±0.50 

First exercise session 

ADMA  - 0.47±0.23 - 0.58±0.18 

SDMA  - 0.37±0.09 - 0.37±0.18 

Arginine  - 83.3±40.6 - 87.2±34.5 

Arginine/ADMA - 171.7±59.7 - 152.8±49.9 

Arginine/SDMA - 221.2±91.4 - 238.2±129.4 

ADMA/SDMA - 1.28±0.23 - 1.48±0.37 

First month     

ADMA  0.55±0.12 0.46±0.11 0.53±0.18 0.57±0.10 

SDMA  0.43±0.14 0.36±0.11 0.41±0.12 0.50±0.20 

Arginine  72.9±26.5 92.9±49.3 65.6±31.3 69.0±24.4 

Arginine/ADMA* 136.3±51.4 187.9±58.1 122.1±49.6 119.0±35.8 

Arginine/SDMA** 181.0±70.9 248.4±91.6 166.1±71.0 156.9±86.9 

ADMA/SDMA 1.33±0.24 1.31±0.25 1.34±0.36 1.26±0.40 

*First month vs initial values: 331 
Exercising controls vs. Non-exercising controls, p= 0.004 332 
Exercising controls vs. Non-exercising diabetics, p=0.022 333 
Exercising controls vs. exercising diabetics, p=0.001  334 
**First month vs initial values: 335 
Exercising controls vs. Non-exercising controls p=0.017  336 

 337 


