
Abstract

Aims/hypothesis. The concentration of asymmetrical
dimethyl-L-arginine (ADMA), an endogenous inhibi-
tor of the nitric oxide synthase, is increased in patients
at risk or with cardiovascular disease. We have inves-
tigated ADMA concentrations in women with a histo-
ry of gestational diabetes (GDM), who could develop
endothelial dysfunction and Type II (non-insulin-de-
pendent) diabetes mellitus after delivery, and in heal-
thy control subjects.
Methods. Previous GDM patients were grouped ac-
cording to their BMI as obese (≥25 kg/m2, n=46) or
non-adipose (<25 kg/m2, n=31). Serum samples were
taken 14 to 16 weeks after delivery and after 1 year.
The control group comprised 17 healthy women
(BMI<25 kg/m2). ADMA concentrations were analy-
sed by high performance liquid chromatography.
Results. ADMA concentrations were comparable be-
tween obese and non-adipose GDM patients
(0.58±0.02 and 0.57±0.02 µmol/l, respectively), and
higher than in the control group (0.47±0.03 µmol/l;

p<0.006). Insulin resistance as estimated by the insu-
lin sensitivity index was more frequent among the
obese than the non-adipose GDM women (p<0.05)
and control subjects (p<0.05, both). No change in
ADMA concentrations was found after 1 year in
women with GDM. There was only a slight correla-
tion between ADMA and BMI (r=0.26, p<0.02), tri-
glycerides (r=0.29, p<0.004), or fasting plasma glu-
cose (r=0.21, p<0.05), and not with the insulin sensi-
tivity index or other parameters. In a multiple regres-
sion analysis ADMA serum concentrations were only
associated with triglycerides.
Conclusion/interpretation. Circulating ADMA con-
centrations are increased in normoglycaemic women
with previous GDM. This increase is independent
from other risk factors or surrogate markers for diabe-
tes or cardiovascular events. [Diabetologia (2002)
45:1372–1378]
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of vascular tone, thrombocyte activation, neurotrans-
mission and host defence [2]. L-arginine can also be
methylated by intracellular methyltransferases [3], but
the exact regulation of this pathway is not known. The
methylated L-arginine metabolite, asymmetrical di-
methyl-L-arginine (ADMA), inhibits the cellular L-ar-
ginine uptake and nitric oxide synthase activity in en-
dothelial cells competitively [4]. The allosteric sym-
metrical dimethyl-L-arginine (SDMA) is produced in
equivalent amounts, but is not a structural antagonist
in nitric oxide synthesis [5].

It has been speculated that accumulation of endoge-
nous L-arginine metabolites and low availability of L-

Nitric oxide is synthesized from the amino acid L-argi-
nine by constitutive and inducible nitric oxide synth-
ases [1] and plays an important role in the regulation



arginine could reduce nitric oxide formation and influ-
ence vascular function. A decreased plasma L-arginine
to ADMA ratio or increased ADMA concentrations
has been described in hypercholesterolemia [6, 7], hy-
pertension [8, 9], arterial occlusive disease [10],
chronic renal failure [11], and preeclampsia [12]. It
has been suggested that alteration of the L-arginine to
ADMA ratio could affect the clinical course of arte-
riosclerosis, which has not been seen in patients with
stable angina [13].

Endothelial dysfunction is typically found in pa-
tients prone to develop arteriosclerosis such as in Type
I (insulin-dependent) and Type II (non-insulin-depen-
dent) diabetes mellitus [14, 15] and in women with
previous gestational diabetes (GDM) [16, 17] who are
at risk of developing Type II diabetes. In Type II dia-
betes, an increase in ADMA has also been described
[18], and insulin resistance was recently reported to be
related to ADMA in non-diabetic normotensive sub-
jects [19]. However, the serum concentrations of
ADMA, which could be used to monitor early changes
in the L-arginine-NO metabolism, have not been stud-
ied in GDM patients. We have quantified serum
ADMA concentrations in otherwise healthy women
with a history of GDM and in age-matched control
subjects.

Subjects and methods

This cross sectional study was approved by the Ethics Com-
mittee of the University of Vienna and complies with the Dec-
laration of Helsinki including current revisions and the GCP
guidelines. Written informed consent was obtained from all
subjects prior to enrolment.

Subjects. All women with GDM, diagnosed as part of their
clinical tests during their 24th to 28th week of pregnancy at the
Department of Internal Medicine III between August 1999 and
June 2001, were invited to participate in the study. GDM was
defined as two or more of the following criteria: fasting morn-
ing plasma glucose after an overnight fast and at least 3 days
of unrestricted diet (≥150 g carbohydrate per day) and unlimit-
ed physical activity of 95 mg/dl or more, 1 hour postload 75 g
oral glucose of 180 mg/dl or more, and 2 hours postload glu-
cose of 155 mg/dl or more. Inclusion criteria were signed con-
sent, absence of a clinically relevant illness, normal findings in
the medical history except for GDM and in the physical exami-
nation, and normal laboratory values including plasma homo-
cysteine concentrations in a complete health examination. Sub-
jects were excluded if any clinically relevant abnormality was
found as part of the screening or in any of the laboratory tests
including circulating anti-insulin antibodies and anti-islet cell
antibodies or if they participated in a different clinical trial.

77 otherwise healthy women with a history of GDM and
fasting glucose concentrations of less than 110 mg/dl were in-
cluded in the study. Women with GDM were grouped accord-
ing to BMI, which is associated with insulin resistance and di-
abetes mellitus [20, 21]. Patients were defined as overweight
with a BMI of 25 kg/m2 or more (obese, n=46), and normal
with a BMI of less than 25 kg/m2 (non adipose, n=31), respec-
tively [22]. The control group comprised 17 age-matched heal-

thy women with a BMI of less than 25 kg/m2, 13 had one or
more pregnancies and did not have a history of GDM and four
women had no previous pregnancy. Blood samples were drawn
at the same time after delivery.

No subject was on a special diet or reported intake of any
medication, including ‘over-the-counter’ drugs, at the time of
blood sampling or had a history or presence of disorders asso-
ciated with increased ADMA concentrations such as renal in-
sufficiency or arteriosclerosis. Blood pressure was measured
by sphygmomanometry (mean of three measurements in rest-
ing sitting position).

Study protocol. Samples for measurement of serum ADMA,
SDMA, plasma triglycerides, total and HDL and LDL choles-
terol, and fasting glucose concentrations were taken between
week 14 and 16 after delivery. Samples from 48 women with
previous GDM (obese, n=24, non-adipose, n=24) were also
available after a 1-year follow up.

A 75 g OGTT was carried out after overnight fasting. Ve-
nous plasma glucose concentrations were measured before and
1 h after the oral glucose load. Insulin resistance was evaluated
by the insulin sensitivity index (SI) during an insulin-modified
intravenous glucose tolerance test (FSIGT) [23]. An SI value
of 3·10–4 min–1·ml·µU–1 was used to discriminate normal
(SI≥3·10–4 min–1·ml·µU–1) from impaired insulin sensitivity
(SI<3·10–4 min–1·ml·µU–1), respectively. This value was de-
rived from a historical female control cohort (n=22), where
less than 5% of SI values were allowed to lie outside the nor-
mal range (p<0.05). When the lower 2.5% quartile was taken
as cut-off between normal and impaired SI, the normal refer-
ence limit was 2.1·10–4 min–1·ml·µU–1. In our study, the con-
servative choice with an SI of 3·10–4 min–1·ml·µU–1 was de-
fined as normal. Standard laboratory parameters were quanti-
fied according to certified routine methods at the Clinical Insti-
tute for Medical and Chemical Laboratory Diagnostics, AKH
(Vienna, Austria).

Measurement of ADMA and SDMA. Venous blood from fresh
venipuncture was centrifuged, separated, and stored at –30°C
until batch analysis. Serum ADMA and SDMA concentrations
were quantified by high performance liquid chromatography
(HPLC) with o-phtaldialdehyde (OPA) precolumn fluorescence
derivatization using a modified method described previously
[24]. NG,NG-dimethyl-L-arginine (ADMA), NG,N′G-dimethyl-
L-arginine (SDMA) were obtained from Calbiochem (Darms-
tadt, Germany), OPA was obtained from Pierce (Rockford, Ill.,
USA), 2-mercaptoethanol and trichloracetic acid were obtained
from Merck (Darmstadt, Germany). The HPLC system was a
System Gold (solvent module 126, autosampler 528, Beck-
man-Coulter, Fullerton, Calif., USA) with 32 Karat software.
ADMA and SDMA were extracted from serum by solid phase
extraction. The column (Isolute, SCX 100 mg, 1 ml, Mid Gla-
morgan, UK) was activated with methanol, conditioned with
TCA (2%) and loaded with sample. Subsequently the column
was rinsed with TCA (2%), phosphate buffer (pH 8) and meth-
anol. ADMA and SDMA were eluted in methanol containing
triethylamine prepared fresh daily. The eluent was evaporated
to dryness at +45°C and 1 mbar. The dried extract was redis-
solved in distilled water. The o-phthaldialdehyde precolumn
derivatization was done in the autosampler for 1 min at +8°C.
ADMA and SDMA were separated using a multigradient pro-
gram on a Synergi 4 µ MAX-RP 80 A column (150×2.00 mm,
Phenomenex, Torrance, Calif., USA) with a Security Guard
Max-RP guard column (4 mm l x 3.0 mm ID, Phenomenex,
Torrance, Calif., USA) using a binary gradient. Solvent A was
15 mmol/l phosphate buffer (pH 7.0), containing 5% methanol
and 5% tetrahydrofuran (v/v) and solvent B was 40% phos-
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phate buffer (15 mmol/l), 45% methanol and 15% acetonitrile
(v/v). The fluorescence detector, with excitation set at 330 nm
and emission at 440 nm was used for detection. The elution
times were approximately 53.3 and 54.2 min for ADMA and
SD MA, respectively. A calibration curve constructed with
standards in water was used because the internal standard DL-
homoarginine eluted with SDMA in pilot experiments. The re-
lation between concentration and peak area was linear in the
range from 0.156 µmol/l to 5 µmol/l for both ADMA and
SDMA (regression coefficient >0.999). The limit of quantifica-
tion (LOQ) was 0.078 µmol/l. The recovery rate was checked
with standards in water and spiked plasma samples and was
81±8%. The coefficient of variation of the autosampler was
3.0%, and the intra-sample variation 5.7%.

Statistical analysis. Outcome parameters were tested for nor-
mal distribution and log transformed if not normally distribut-
ed. Between and within group differences were analysed by a
Student’s unpaired or paired t test. Correlations between out-
come parameters were calculated for pooled data sets and sub-
groups using Pearson’s correlation and a multiple regression
analysis was applied. A p value of less than 0.05 was consid-
ered statistically significant. Data are presented as means
± SEM.

Results

Baseline data are shown in Table 1. Obese women had
higher blood pressure, triglycerides and fasting glu-
cose concentrations and lower HDL cholesterol con-
centrations than non-adipose women with previous
GDM (p<0.05) and healthy control subjects (p<0.05).
Stimulated 1-h glucose concentrations were also high-
er in obese (p<0.00002) and in non-adipose GDM
women (p<0.01) than in the control subjects. Creati-
nine concentrations were lower in obese (p<0.0001)

and non-adipose GDM women (p<0.01) compared to
the healthy control subjects. Insulin resistance was
more frequent among obese than non-adipose GDM
women (p<0.05) and control subjects (p<0.05, both).

ADMA serum concentrations were not different be-
tween obese and non-adipose women with previous
GDM, but higher than in the control subjects
(p<0.006, both groups; Fig. 1). SDMA was lower in
obese than in non-adipose GDM patients (p<0.04).
The ADMA-to-SDMA ratio was higher in the obese
compared to non-adipose women (p<0.01) and control
subjects (p<0.002).

There was only a slight correlation between
ADMA concentrations and BMI (r=0.26, p<0.02), tri-
glycerides (r=0.29, p<0.004), fasting plasma glucose

Table 1. Baseline characteristics of women with a history of gestational diabetes and healthy control subjects

Gestational diabetic subjects Control subjects
(n=17)

(BMI ≥25 kg/m2; n=46) (BMI <25 kg/m2; n=31)

Age (years) 33±1 32±1 30±1
Smokers 7 4 2
BMI (kg/m2) 29.5±0.7a, b 22.9±0.3b 21.6±0.5
MAP (mmHg) 93±1a, b 87±1 86±2
Triglycerides (mg/dl) 121±11a, b 79±6 68±7
Cholesterol (mg/dl) 204±6 206±7 207±16
HDL cholesterol (mg/dl) 52±2a, b 63±2 66±3
LDL cholesterol (mg/dl) 127±5 127±6 128±14
Creatinine (mg/dl) 0.80±0.02b 0.83±0.02b 0.91±0.02
Fasting glucose (mg/dl) 91±3b 85±1 82±1
Stimulated glucose (mg/dl) 159±7b 144±8 104±5
Insulin resistancec 23a, b 9b 0
ADMA (µmol/l) 0.58±0.02b 0.57±0.02b 0.47±0.03
SDMA (µmol/l) 0.51±0.01a 0.56±0.02 0.50±0.03
ADMA/SDMA 1.14±0.03a, b 1.02±0.03b 0.95±0.04

Data are given as means ± SEM
a p<0.05 between GDM groups, t test
b p<0.05 vs control subjects, t test

c Insulin resistance data were available from 44 and 29 women
with BMI ≥25 kg/m2 and <25 kg/m2, respectively

Fig. 1. Individual ADMA concentrations and means ± SEM in
women with a history of GDM and BMI ≥25 kg/m2 or
<25 kg/m2 and healthy control subjects. Statistical differences
between groups are indicated, unpaired Student’s t test



SDMA concentrations increased (p<0.05) and the
ADMA-to-SDMA ratio decreased after one year
(p<0.01). In the non-adipose GDM group, total cho-
lesterol increased (p<0.05) and HDL, stimulated glu-
cose concentrations, and the ADMA-to-SDMA ratio
decreased (p<0.01). Other parameters did not change
compared with the baseline (Table 2).

Seven women switched groups from obese to non-
adipose and three women changed from the non-adi-
pose to the obese group after 1 year. An additional sta-
tistical analysis was done including these patients, but
it did not change the significance of the study.

Discussion

This study is consistent with reports on increased cir-
culating concentrations of ADMA in patients at risk or
with vascular dysfunction or arteriosclerosis [7, 10,
13, 25]. Serum concentrations of ADMA were ap-
proximately 20% higher in women with a history of
GDM than in healthy women. The increased ADMA
concentrations in women with previous GDM shortly
after delivery were present when hyperglycaemia was
already normalised, and remained persistently in-
creased and higher compared with the age-matched
healthy control subjects after 1 year. There is evidence
that circulating ADMA concentrations can be in-
creased by accelerated proteolysis of proteins contain-
ing methylated arginine residues or by reduced degra-
dation of ADMA by the enzyme dimethylarginine di-
methylaminohydrolase (DDAH) [3]. It is not known
whether these mechanisms of ADMA increase also
apply in GDM.

As expected, insulin resistance was more abundant
among obese women. Epidemiological data estimate
that the percentage of women with GDM that develop
impaired glucose tolerance or Type II diabetes is
about 50% in 5 years [26]. In our cohort, Type II dia-
betes manifested in only two patients during the 1-
year follow-up and these women were not included in
this study. ADMA concentrations were not related to
the insulin sensitivity index or other markers of insu-
lin resistance, while a recent study has reported that
insulin resistance, measured with the insulin suppres-
sion test (Steady State Plasma Glucose, SSPG) corre-
lated with ADMA concentrations in healthy non-dia-
betic subjects [19]. This discrepancy could be due to
differences between the inhomogenous subject sample
studied previously, while our population comprising
only women with prior gestational diabetes is more
selected. Furthermore, SSPG derives from a complex
test. Unlike OGTT and FSIGT that see only glucose
administration and endogenous or endo-exogenous in-
sulin action, SSPG involves the use of somatostatin
and there is evidence that somatostatin can affect glu-
cose clearance [27]. However, the same weak relation
between ADMA and other baseline parameters were
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(r=0.21, p<0.05) and the stimulated 1-h glucose con-
centrations (r=0.29, p<0.005) in a pooled analysis. In
obese patients, ADMA correlated with triglycerides
(r=0.40, p<0.01) and the stimulated 1-h glucose con-
centrations (r=0.34, p<0.03) SDMA concentrations
were overall only slightly correlated with fasting glu-
cose (r=–0.20, p<0.05) but correlated with triglyce-
rides (r=0.32, p<0.04) and HDL (r=–0.33, p<0.03) in
obese patients. The ADMA-to-SDMA ratio correlated
with BMI (r=0.49, p<0.001), triglycerides (r=0.20,
p<0.05), HDL cholesterol (r=–2.7, p<0.007), fasting
plasma glucose (r=0.48, p<0.001), and stimulated
blood glucose concentrations (r=0.30, p<0.003). In
the subgroup analysis, the ADMA-to-SDMA ratio
correlated with BMI (r=0.49, p<0.001) and the 1-h
stimulated glucose concentration (r=0.32, p<0.04) in
obese women. No correlation was observed between
any of the other parameters. In a multiple regression
analysis containing BMI, triglycerides, fasting glucose
and 1-h stimulated blood glucose concentrations, only
triglycerides were related to ADMA (p<0.04).

One-year follow up of women with GDM. After 
1 year, BMI, fasting and stimulated glucose were
higher in obese than in non-adipose women (p<0.05,
Table 2). More obese GDM patients were insulin re-
sistant than non-adipose patients (p<0.05). ADMA,
SDMA and ADMA-to-SDMA ratio were not different
between the groups. ADMA concentrations were com-
parable over time. Within obese GDM patients,

Table 2. One-year follow up of women with a history of ge-
stational diabetes

Gestational diabetes

(BMI (BMI 
=25 kg/m2; ) <25 kg/m2; 
n=24 n=24)

Age (years) 35±1 33±1
Smokers 5 3
BMI (kg/m2) 29.2±0.8a 22.5±0.4
MAP (mmHg) 88±2 85±2
Triglycerides (mg/dl) 126±15 91±11
Cholesterol (mg/dl) 197±8 183±5b

HDL cholesterol (mg/dl) 48±3 52±2b

LDL cholesterol (mg/dl) 124±7 112±5
Creatinine (mg/dl) 0.82±0.03 0.82±0.03
Fasting glucose (mg/dl) 94±3a, b 87±1
Stimulated glucose (mg/dl) 130±7a, b 95±4b

Insulin resistancec 11a 6
ADMA (µmol/l) 0.57±0.03 0.56±0.02
SDMA (µmol/l) 0.58±0.04b 0.58±0.03
ADMA/SDMA 0.99±0.03b 0.98±0.03b

Data are given as means ± SEM
a p<0.05 between GDM groups, t test
b p<0.05 vs baseline, t test
c Insulin resistance data were available from 17 and 20 women
with BMI ≥25 kg/m2 and <25 kg/m2, respectively



present in both studies [19]. ADMA concentrations
were not associated with metabolic risk factors for in-
sulin resistance, diabetes or arteriosclerosis such as
fasting or stimulated glucose or total or fractionated
cholesterol, and there was no clear association with
BMI or blood pressure. The lack of a correlation with
cholesterol has also been reported [18] and there was
also no correlation with blood pressure in another
study [28]. Associations with systemic blood pressure
have been described in other studies [19, 29], but this
could be more difficult to detect since increases in to-
tal peripheral resistance can be compensated for by
changes in cardiac output and larger cohorts could be
required to establish a clear relation. However, as
these cardiovascular risk factors were in the normal
range in most subjects under study, this finding cannot
rule out an association of these parameters with
ADMA in different patient groups.

It is possible that increased concentrations of
ADMA could contribute to the development of im-
paired endothelial function. So far, no threshold data
for ADMA leading to a reduction in endothelial func-
tion have been established. In hypercholesterolaemia,
an increment of ADMA from 1 µmol/l to 1.5 µmol/l
reduced flow-mediated dilatation of the brachial artery
from 9% to 6% [7]. In patients with Type II diabetes,
a high-fat meal resulted in a nearly 2.5-fold increased
mean plasma ADMA concentration and a further dete-
rioration of already impaired endothelial function as
estimated by measurement of flow-mediated dilatation
of the brachial artery [18]. While we have not as-
sessed vascular function, one would expect a much
smaller impairment in our patients accordingly. In a
clinical study however, the reduction in flow-mediated
brachial artery dilatation was reduced by more than
80% in women with a history of GDM and was relat-
ed to insulin resistance [16]. This suggests that
ADMA might not be the only contributor to impaired
vascular function, but also indicates that even if hy-
perlipidaemia or hyperglycaemia are absent or appro-
priately controlled for in women with previous GDM,
they could be at risk for endothelial dysfunction on
the basis of increased endogenous nitric oxide inhibi-
tors alone.

It is known that insulin resistance is associated with
endothelial dysfunction [30], where increased oxida-
tive stress is also detectable [31]. Under normal condi-
tions, the formation of reactive oxygen species is kept
under tight control by the capacity of the endogenous
antioxidant defence system [32]. The generation of re-
active oxygen species can be stimulated by hyper-
glycaemia and hyperlipidaemia [33] and the produc-
tion of ADMA in human endothelial cells can also be
induced by LDL [34]. The latter effect can be abol-
ished by antioxidant strategies, which supports the
concept that oxidative stress could be linked to the de-
velopment of impaired vascular function in these pa-
tients. Incubation of endothelial cells with ADMA

also increased formation of superoxide anions [35].
Consistently, short-term oral supplementation with as-
corbic acid was able to improve endothelium-depen-
dent vasodilatation in women with GDM [36]. No re-
lation of ADMA concentrations with LDL was seen in
our study, but adding other metabolic disorders could
cause more incremental damage to endothelial dys-
function induced by ADMA.

SDMA was not consistently increased in women
with GDM. However, SDMA at the concentrations
observed has no effect on the endothelium [5] and is
not associated with cardiovascular risk factors [37].
Unlike ADMA, SDMA is not metabolized by DDAH,
and excreted directly into urine [3]. This difference
was not found in our study, where serum creatinine
concentrations were in the normal range in all groups.
This also rules out that renal function could have con-
tributed to the differences seen in dimethylarginine
concentrations in our study.

Our findings also suggest that ADMA could re-
present a sensitive laboratory marker for alterations
in the L-arginine-nitric oxide metabolism in GDM pa-
tients. A power calculation based on results in the
control group estimates that a difference between
means as small as 0.1 µmol/l is detectable with 80%
power. It is currently unclear if ADMA could also be
used as a surrogate endpoint in clinical trials as sug-
gested from studies in patients with peripheral artery
disease receiving intravenous L-arginine therapy [38]
or in insulin-resistant patients receiving the insulin
sensitizer rosiglitazone [19]. Since specific mimetics
or inhibitors of intracellular methyltransferases are
also not available at present, it will be difficult to ex-
trapolate clinical findings to ADMA concentrations.
The wide range of underlying causes and metabolic
derangements that impair vascular function make it
unlikely that ADMA targeted therapy alone could re-
verse abnormal endothelial responsiveness complete-
ly. For example, factors such as increased formation
of reactive oxygen species also decrease nitric oxide
bioavailability and would be unaffected by such
drugs.

The methodology of ADMA quantification has not
been standardized and concentrations differ slightly
between studies. The concentrations seen in our study
are in the range of those in patients at risk for acute
coronary events [25] or women with pre-eclampsia
[12] and their control subjects, respectively. We there-
fore speculate that increased ADMA in GDM women
could indicate a high risk for clinical manifestation of
arteriosclerosis in these patients, but studies with hard
endpoints are currently not available.

In conclusion, this study shows that serum ADMA
concentrations are increased in normoglycaemic wom-
en with previous GDM. There is no association of this
increase with surrogate markers of insulin resistance
or other risk factors for diabetes or cardiovascular
events in GDM patients.
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