Plasma Concentrations of Asymmetric-Dimethyl-Arginine in Type 2 Diabetes
Associate With Glycemic Control and Glomerular Filtration Rate
But Not With Risk Factors of Vasculopathy
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Asymmetric dimethylarginine (ADMA) is an endogenous inhibitor of nitric oxide synthase (NOS). Increased plasma levels of ADMA
may indicate endothelial dysfunction and increased risk of angiopathy. The relation of ADMA to diabetes, glycemic control, and
renal function, especially early diabetic hyperfiltration, remains unknown. We tried to evaluate whether there is an association
between ADMA and glycosylated hemoglobin (GHbA,_) on the one hand and glomerular filtration rate (GFR) on the other hand in
diabetic subjects with normal or slightly increased GFR. We also studied whether plasma ADMA is associated with some risk
factors of vasculopathy (hypercholesterolemia and hypertension). The study subjects consisted of 86 patients with type 2 diabetes
and 65 control subjects. Plasma ADMA levels were measured by high-pressure liquid chromatography as o-pthalaldehyde (OPA)
derivatives and GFR was determined by the plasma clearance of chromium 51-EDTA. The diabetic patients had lower plasma
ADMA levels than the nondiabetic control subjects (0.29 = 0.15 v 0.34 = 0.16 umol/L, P < .03). In the diabetic subjects, plasma
ADMA concentrations were inversely correlated with GHbA,, (R = —0.28, P = .01). In a multivariate linear model, significant
predictors of ADMA were GFR (R = —0.32, P = .008) in diabetic subjects and GHbA,_ (R = —0.19, P = .03) and GFR (R = —0.19, P
=.02) in all subjects. Plasma ADMA was not associated with risk factors of vasculopathy. We conclude that diabetic patients with
a normal or slightly increased GFR have lower circulating ADMA concentrations than nondiabetic control subjects. In type 2

diabetic patients high GFR and poor glycemic control were related to low plasma ADMA concentrations.

Copyright 2003, Elsevier Science (USA). All rights reserved.

N THE r-arginine-nitric oxide (NO) pathway, nitric oxide
synthase (NOS) converts L-arginine to NO and citrulline.!
Asymmetric dimethylarginine (ADMA) is an endogenous com-
petitive inhibitor of endothelial NOS and it can modulate NO
production.? The occurrence and clinical impacts of increased
or decreased plasma ADMA levels are largely unknown. How-
ever, plasma ADMA levels seems to correlate with risk factors
of atherosclerosis, such as hypercholesterolemia?, aging,* and
hypertension.*¢ Elevated plasma levels of ADMA are also
associated with impaired endothelium-dependent brachial ar-
tery vasodilation in young hypercholesterolemic individuals?
and intima media thickness in healthy subjects.# Furthermore,
we have recently shown that high ADMA is a potent predictor
of acute coronary events in nonsmoking middle-aged men.”
These findings suggest that high ADMA concentration is a
potential marker for endothelial dysfunction.

Endothelial dysfunction with a reduced bioavailability of
endothelium-derived NO plays an important role in the patho-
genesis of diabetic vascular disease,®° which is a major cause
of morbidity and mortality in type 2 diabetes.!®-!! Besides
being a potent vasodilatator,'?!3 NO inhibits key processes in
atherogenesis, such as monocyte adhesion, platelet adhesion
and aggregation, vascular smooth muscle proliferation, and
interference with leukocyte—endothelial cell interaction.3 In
addition, NO can prevent oxidative modification of low-density
lipoprotein (LDL), which is suggested to be one of the major
contributors to atherosclerosis.!* ADMA, by inhibiting NO
synthase, can diminish NO bioavailability in humans. Although
a significant association has been detected between glucose
balance and ADMA both in animal models!>-1¢ and in healthy
humans,* and a recent study of type 2 diabetic subjects found
elevated plasma ADMA levels,!” it is not fully established how
ADMA relates to diabetes. Since diabetic vascular disease is
related to reduced NO bioavailability, it can be hypothesized
that plasma ADMA concentrations could be elevated in dia-
betic subjects. Although NO may be beneficial in terms of

Metabolism, Vol 52, No 3 (March), 2003: pp 303-307

vasculopathy it may also be a harmful agent in diabetic patients
by inducing renal vasodilatation and hyperfiltration, phenom-
ena seen in early diabetic nephropathy. In fact, in early diabetic
nephropathy increased filtration rates are consistently ob-
served.!8-20 This hyperfiltration could affect ADMA concentra-
tions due to increased renal excretion. In this study, we sought
to determine how plasma ADMA relates to type 2 diabetes
mellitus in patients with normal or increased filtration rates.
Plasma levels of ADMA were compared between patients with
type 2 diabetes and nondiabetic subjects and associations be-
tween ADMA and glycemic control, renal function, and risk
factors of cardiovascular disease were evaluated.

MATERIALS AND METHODS
Subjects

Eighty-six type 2 diabetic patients and 65 controls with comparable
distribution of age and gender were recruited between 1985 and 1988
from the Primary Health Care Center of the City of Tampere, Finland.
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The patients fulfilled the World Health Organization diagnostic criteria
for type 2 diabetes and had a known disease duration of no more than
1 year. The study participants were evaluated after a mean period of 9.0
years (range, 7.4 to 10.7 years) follow-up. The clinical characteristics
of the study participants are listed in Table 1. At the 9-year evaluation
the treatment of diabetes consisted of diet and oral drug therapy in 45,
insulin in 17, and combined oral drug and insulin therapy in 10 patients.
The study was approved by the ethics committees of the University of
Tampere and the health care center of Tampere. All subjects gave a
written informed consent.

Methods

Information regarding previous and present diseases, current medi-
cation, and alcohol and tobacco consumption were obtained. Body
mass index (BMI) was calculated (kg/m?). Blood pressure (BP) was
measured from both arms of the subjects using a sphygmomanometer
and the mean of the 2 recordings was calculated to the nearest 2 mm Hg
after 10 minutes’ rest in the supine position. The mean arterial blood
pressure (MAP) was calculated as twice the diastolic BP plus the
systolic BP divided by 3. Hypertension was defined as systolic blood
pressure greater than 160 mm Hg or diastolic blood pressure greater
than 95 mm Hg. Patients on antihypertensive treatment were classified
as hypertensive.

Plasma cholesterol and triglycerides were determined by the dry-
slide technique (Ektachem 700 analyzer, Johnson & Johnson Clinical
Diagnostics, Rochester, NY). High-density lipoprotein (HDL) choles-
terol was measured with the same technique after precipitation of LDL.
Blood glucose concentrations were measured with a Hitachi 717 ana-
lyzer (Japan) by the enzymatic method of Merck (USA), and glycosy-
lated hemoglobin (GHbA, ) measurements were made using a Mono S
HR 5/5 column (Pharmacia Biotech, Uppsala, Sweden) and lithium
malonate buffers, pH 5.7, according to the manufacturer’s product
instructions.?! GFR was determined by the plasma clearance of chro-
mium 51-EDTA assessed by the single-injection method.

Table 1. Patient Characteristics

Controls Diabetic Patients

Variable (n = 65) (n = 86)
Age (yr) 64.7 = 7.4 63.8 = 7.1
Sex (M/F) 36/29 52/34
Present smoking (yes) 11 7*
BMI (kg/m?) 27.8 =39 29.7 = 471
Total cholesterol (mmol/L) 5.61 £ 1.11 5.27 + 1.00*
HDL cholesterol (mmol/L) 1.20 = 0.46 1.09 = 0.40
Triglycerides (mmol/L) 1.54 = 0.80 2.06 = 1.39t
FBGluc (mmol/L) 5.1+ 1.2 9.4 + 3.1
SBP (mm Hg) 152 £ 19 161 = 211
DBP (mm Hg) 87*9 88 +9
MAP (mm Hg) 108 = 12 112 = 11*
ADMA (umol/L) 0.34 = 0.16 0.29 *= 0.15%
GFR (mL/min/1.73 m?) 90 = 19 98 + 23*
GHbA, (%) 5.7 + 0.5 83+ 17

NOTE. ANCOVA for continuous and y?-test for noncontinuos vari-
ables. Age and BMI were used as covariates for plasma lipids and
ADMA: *P = .05, TP = .01 compared to controls.

Abbreviations: FBGluc, fasting blood glucose; SBP, systolic blood
pressure; DBP, diastolic blood pressure; MAP, mean arterial pressure;
ADMA, asymmetric dimethylarginine; GFR, glomerular filtration rate;
GHDbA,, glycosylated hemoglobin.
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Analysis of Asymmetric and Symmetric Dimethylarginine and
Arginine

Plasma arginine and its dimethylated endogenous derivatives,
ADMA and symmetric dimethylarginine (SDMA), were determined
with a novel high-performance liquid chromatography (HPLC)
method. Briefly, 200 uL plasma was diluted with 160 uL of distilled
water and the solution was mixed with 40uL of internal standard
(homo-arginine, 400 wmol/L). Arginine, ADMA, and SDMA were
then absorbed on a 100-mg Bond Elut silica solid-phase extraction
(SPE) column (Varian, Harbor City, CA), pretreated with 800 uL of
methanol and 800 uL of distilled water. After washing, arginine,
ADMA, and SDMA were eluted from the SPE column with an o-
pthalaldehyde (OPA) derivatizing reagent. Derivatized arginine,
ADMA, and SDMA were then separated using HPLC on a Waters
Bondapak phenyl column (5 wm, 150 X 4.6 mm; Waters Oy, Helsinki,
Finland) with 100 mmol/L citrate buffer, pH 6.8. Fluorescence was
monitored at 328 nm (exitation) and 445 nm (emission). The HPLC
equipment consisted of a LKB Pharmacia 2248 pump (Turku, Finland),
a Hewlett-Packard 1050 autosampler (Espoo, Finland), and a Shimadzu
RF-551 fluorescence detector (Shimadzu-Fenno Medical Oy, Vantaa,
Finland). Total imprecisions for ADMA, SDMA, and arginine were no
more than 12%. Samples were analyzed in duplicates. Plasma samples
of participants were stored at —70°C until analyzed.

Statistical Analysis

Data are expressed as the mean = SD unless otherwise specified.
One-way analysis of covariance (ANCOVA) was used to assess the
statistical differences between diabetic and control subjects in lipid and
some other parameters shown in Table 1. Age and BMI were used as
covariates when appropriate. Categorical variables (smoking and gen-
der) were compared using chi-square test. Univariate correlation anal-
ysis was performed with Pearsons’ correlation test for normally dis-
tributed variables and with Spearman’s correlation test for non-
normally distributed variables (eg, GHbA,.). The predictors for
ADMA were examined by a linear multivariate regression analysis. A
probability of less than .05 was selected as the level of statistical
significance. The power of the study to detect a difference in ADMA
between diabetic and control subjects was 0.75 and to detect a differ-
ence in GFR was 0.86 with the present number of subjects and the
probability for a type I error was a = .05.

RESULTS

The clinical characteristics of study subjects are listed in
Table 1. Forty-two control and 67 diabetic subjects had hyper-
tension. Twenty-six of the hypertensive controls and 51 of the
hypertensive diabetic subjects had received antihypertensive
treatment (16 = 8 years in controls and 15 = 8 years in diabetic
subjects). The diabetic patients had significantly higher BP
values than the nondiabetic controls (Table 1). The patients had
also significantly elevated GFR compared to controls (98 = 23
and 90 + 19 mL/min/1.73 m?, respectively; P = .002). Twenty-
seven diabetic patients were treated with insulin, either as a
single therapy or combined with oral drug therapy. The levels
of GHbA,. in insulin-treated patients were significantly higher
than in patients treated with diet and oral drug therapy (8.9 =
1.8 and 8.0 £ 1.5 mmol/l, respectively; P = .02).

The average plasma ADMA concentration was 0.31 £ 0.15
pmol/L in all subjects. The patients with type 2 diabetes had
significantly lower plasma ADMA levels than nondiabetic con-
trol subjects (0.29 % 0.15 and 0.34 = 0.16 wmol/L, respec-
tively; P < .03). Plasma SDMA concentrations tended to be
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lower in diabetic patients compared to nondiabetic controls
(0.79 = 0.41 and 0.92 = 0.51 umol/L, respectively; P = .13).
Plasma L-arginine concentrations in diabetic patients and con-
trol subjects were comparable (149.09 = 30.30 and 149.96 =
25.30 wmol/L, respectively; P = .67). Antihypertensive treat-
ment had no influence on plasma ADMA levels in diabetic
patients or controls.

Univariate analysis revealed a significant and inverse corre-
lation between plasma ADMA concentrations and GHbA, . in
the patients with type 2 diabetes (R = —0.28, P = .01; Fig 1),
but not in the control subjects (R = —0.12, P = .33). Plasma
ADMA concentrations were slightly lower in the insulin-
treated patients compared to the diabetic patients not on insulin
treatment (0.27 = 0.11 and 0.30 = 0.16 wmol/L, respectively;
P = .47). There was a significant negative correlation between
GFR and ADMA levels (R = —0.29, P = .012; Fig 1) in
patients with diabetes mellitus, but the GFR was not associated
with GHbA ..

In a univariate correlation analysis, plasma ADMA did not
associate with plasma total cholesterol, HDL cholesterol, or
triglycerides. No significant associations were found between
ADMA and age, gender, or BMI nor between ADMA and
smoking. Furthermore, there was no association between BP
and ADMA in either the diabetic subjects or in the control
subjects regardless of whether they had been on antihyperten-
sive treatment or not.

By a multivariate linear regression analysis the significant
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Fig 1. Correlations between ADMA levels and (A) GFR and (B)
GHbA . in patients with type 2 diabetes. (A) R = —0.29, P = .012; (B)
R = —0.28, P = .01; dotted lines indicate 95% confidence intervals.
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predictors of ADMA were GFR (R = —0.32, P = .01) in
diabetic patients (R* = 0.13) and GHbA,. (R = —0.19, P =
.03) and GFR (R = —0.19, P = .02) in all subjects (R* = 0.12).
The other explanatory variables in the model were age, smok-
ing, MAP, total cholesterol, and triglycerides,

DISCUSSION

The main findings of this study can be summarized as
follows: (1) The patients with type 2 diabetes mellitus had
lower plasma ADMA levels than nondiabetic control subjects.
(2) Plasma ADMA concentrations correlated inversely with
GHDbA .. in diabetic patients. (3) Plasma ADMA concentrations
were inversely correlated with GFR. (4) Plasma ADMA con-
centrations did not correlate with BP or with the other risk
factors of atherosclerosis.

The plasma levels in the control subjects in the present study
were 0.34 £ 16 wmol/L. In the literature, variable ADMA
concentrations have been reported. ADMA levels recorded in
this study are similar to those reported in healthy controls in
some previous studies,?>23 but slightly higher than in one
report>* and lower than in some others.*> These variable results
are likely explained by differences in the methodology. Plasma
ADMA levels have been determined by employing a variety of
methods including HPLC with ultraviolet or fluorescence de-
tection after a derivatization step, capillary electrophoresis with
laser-induced fluorescence detection, and HPLC tandem mass
spectrometry. This study was performed using HPLC and OPA
derivatization. At present no interlaboratory comparisons have
been reported. The reasons for any discrepancy in ADMA
levels thus remain unexplained.

Chronic hyperglycemia may cause vascular abnormality in
NO action and enhanced NO biosynthesis.?>27 Prolonged ex-
posure of endothelial cells to high glucose increases not only
NO, but also superoxide anion production.?>2¢ NO action
largely depends on its relative levels and on its interaction with
superoxide anions.?8 It has been speculated that NO production
may overcome superoxide anion—induced NO degradation.?®
However, in experimental diabetes superoxide anion seems to
curb NO modulation.3® Whatever the reason, chronic hypergly-
cemia may lead to renal vasodilatation and hyperfiltration con-
sistently seen in experimental diabetes?>® and in patients with
early diabetic nephropathy.!'8-20 The hyperfiltration could last
for a decade or more, maybe inducing microalbuminuria and
later clinical proteinuria. Concomitantly the GFR will gradually
decrease, leading finally to end-stage renal disease.?!

We measured significantly lower ADMA concentrations in
diabetic patients than in control subjects. Could the increased
filtration rates in our diabetic patients (compared to control
subjects) have anything to do with this? Indeed, some methy-
larginines are in part eliminated by renal excretion? and
ADMA is known to accumulate in patients with chronic renal
failure.3>33 Furthermore, it has recently been shown that
plasma homocysteine levels are inversely related to the GFR,
indicating increased clearance (of homocysteine) in patients
with even slightly increased filtration rates.?* On the basis of
these considerations, we think that the low ADMA in our type
2 diabetic patients is a compensatory response to increased
GFR regardless of the cause of hyperfiltration measured in
these patients.
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In the present study, in the diabetic patients, a low plasma
ADMA value correlated on the one hand with a poor glycemic
control and on the other hand with increased filtration rates. It
would be tempting to speculate that these associations would be
inter-related. However, we did not find any direct relation
between glycemic control (GHbA,.) and GFR in our diabetic
patients. Thus other explanations must be sought. Poor glyce-
mic control may also directly influence NO synthesis and thus
be related to hyperfiltration and renal hyperperfusion as shown
in early type 1 diabetes.??-3> Another mechanism could be that
long-lasting hyperglycemia may lower ADMA directly by de-
creasing the production of ADMA or increasing the metabo-
lism of ADMA by as yet unknown mechanisms.

In previous studies high serum ADMA has been linked to
hypertension.>-%-3¢ However, in the present study no association
was observed between ADMA and hypertension in diabetic
patients or control subjects. Is there an explanation for these
different results? The patients in this study were older than the
patients in the other studies and had had hypertension for a long
time; many of them also had been on long-standing antihyper-
tensive treatment. It is possible that levels of ADMA are
elevated in the early stages of hypertension in otherwise
healthy young subjects. In advanced arterial hypertension and
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in the elderly there may be other more important mechanisms
than ADMA, such as increased arterial stiffness, which influ-
ence blood pressure.

The relation between hypercholesterolemia and ADMA is
not established. One clinical study has found an association,?
while others have not.#37 We could also not find any associa-
tion between hypercholesterolemia and ADMA in either type 2
diabetic patients or control subjects. We have previously stud-
ied the association between ADMA and hypercholesterolemia
in men with mild hypercholesterolemia and in men with bor-
derline hypertension or familial hypercholesterolemia. In these
studies we did not observe elevated ADMA levels in hyper-
cholesterolemic subjects either.38

Conclusion

In type 2 diabetic patients with a disease history of 9 years,
circulating ADMA concentrations were lower than in nondia-
betic control subjects. In type 2 diabetic patients a high GFR
and poor glycemic control were related to low plasma ADMA
concentrations.
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