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Relationship Between Obesity, Smoking, and the Endogenous Nitric Oxide
Synthase Inhibitor, Asymmetric Dimethylarginine

Hilde M.A. Eid, Harald Arnesen, Elsa M. Hjerkinn, Torstein Lyberg, and Ingebjørg Seljeflot

e investigated the levels of asymmetric dimethylarginine (ADMA), an important endogenous inhibitor of nitric oxide (NO),

s related to metabolic risk factors known to contribute to atherosclerotic disease. Dimethylarginines were analysed in a

ross-sectional study of 563 elderly high-risk men (70 � 6 years). ADMA and the L-arginine/ADMA (L-arg/ADMA) ratio were

ighly significantly correlated with several metabolic risk factors. However, only the association with body mass index (BMI)

emained significant after adjustment for inter-related variables. When analyzing the results according to being overweight

r not, ADMA levels were independently significantly higher (P � .05) and the L-arg/ADMA ratios were significantly lower (P <
008) in individuals with high BMI (>26 kg/m2, median value) as compared with subjects with low BMI. ADMA levels were

urthermore significantly lower (P � .037) and L-arginine and the L-arg/ADMA ratios were significantly higher (P � .004 and

� .001, respectively) in smokers compared with nonsmokers, the latter being independent of other risk factors. The strong

elationship found between BMI and plasma levels of ADMA and the L-arg/ADMA ratio indicate a link to endothelial

ysfunction in overweight subjects. The beneficial dimethylarginine profile observed in smokers in this elderly population is

ot easily explainable and should be further investigated.
2004 Elsevier Inc. All rights reserved.
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NDOTHELIAL DYSFUNCTION is an early abnormality
in the pathogenesis of atherosclerosis. Central to the

evelopment of endothelial dysfunction is reduced bioactive
ndothelial nitric oxide (NO). NO is synthesized from L-argi-
ine by NO-synthase (NOS), and the endothelial derived NO, is
eyond being an endogenous vasodilator, important in mainte-
ance of cardiovascular homeostasis.1-4 Alterations of the NOS
athway and impairment of NO-dependent vasodilation has
een linked to several well-known atherogenic risk factors,
ncluding hypercholesterolemia, hypertension, diabetes, smok-
ng, and ageing.5

Impaired vasodilation has been suggested to be caused by
nhibition of NO generation by the amino acid, asymmetric
imethylarginine (ADMA), a recently described important en-
ogenous competitive inhibitor of NOS.6 ADMA has also been
hown to increase oxidative stress by uncoupling of electron
ransport between NOS and L-arginine, and hence decrease
oth the production and availability of endothelium-derived
O.7

ADMA is constantly produced in the course of normal
rotein turnover in many tissues, including vascular endothelial
ells, and is derived from hydrolysis of methylated proteins.
t appears that both synthesis and degradation of ADMA
nd other methylarginines, ie, symmetric dimethylarginine
SDMA) and monomethylarginine, are highly actively reg-
lated,7 and dysregulation of either of these pathways may
esult in increased levels of free methylarginines.8,9 Renal
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mpairment has also been shown to reduce ADMA clearance
esulting in ADMA accumulation.6,10 Several studies fur-
hermore support the view that the ratio between L-arginine
nd ADMA (L-arg/ADMA ratio) is important for the regu-
ation of endothelial NOS activity.11,12

Elevated ADMA levels have been shown to antagonize the
ndothelium-dependent vasodilation in humans.6,13,14 In-
reased ADMA levels have furthermore been reported to be
mplicated in the pathogenesis of conditions affecting the car-
iovascular system, like diabetes mellitus,15,16 and disorders
elated to the insulin resistance syndrome, ie, dyslipidemia,
yperglycemia, and essential hypertension.9,13,15,17,18 Of note,
tuhlinger et al19 recently observed a close relationship be-

ween ADMA levels and insulin resistance, independent of
ther risk factors. ADMA has furthermore been shown inde-
endently of other risk factors to be associated with intima
edia thickening in individuals with varying risk for athero-

clerosis.20

The present cross-sectional study was undertaken to further
nvestigate the influence of plasma ADMA levels on different
etabolic disorders known to contribute to atherosclerotic dis-

ase states with the hypothesis that diabetes, insulin resistance,
verweight, and smoking might be important determinants. A
arger population of elderly men at high risk for coronary heart
isease was investigated.

MATERIALS AND METHODS

tudy Design and Study Population

This is a follow up study of participants from the Oslo Diet and
nti-smoking study performed 1972 to 1977,21 comprising 1,232 men
ith hypercholesterolemia (total cholesterol � 6.45 mmol/L, 80%

mokers). The survivors of this population were 25 years later invited
o participate in the Diet and Omega-3 Intervention Trial on Athero-
clerosis (DOIT), a 3-year intervention trial aimed at investigating the
ffects of omega-3 fatty acid supplementation and/or dietary interven-
ion on markers of atherosclerosis.22 Altogether, a total of 563 subjects,
ge 64 to 76 years, were included in the DOIT study. The present
nvestigation is a cross-sectional study, based on results from the
aseline examination. The study was approved by the Regional Ethics

ommittee, and all subjects gave their written informed consent.
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1575ADMA AND METABOLIC RISK FACTORS
lood Sampling

Venous blood samples were collected in an overnight fasting state at
:30 AM to 10 AM. EDTA plasma (0.34 mol/L EDTA-K3) was prepared
or determination of the dimethylarginines and oxidized low-density
ipoprotein cholesterol (oxLDL-C), whereas serum was used for nitrate/
itrite (NOx), thiobarbituric-acid-reacting substances (TBARS), insu-
in, glucose, and lipid analyses. Plasma and serum were kept frozen at

70°C for batch analysis of the dimethylarginines, oxLDL-C, NOx,
nd TBARS.

aboratory Analyses

Total cholesterol (TC), high-density lipoprotein cholesterol (HDL-
), triglycerides (TG), glucose, and glycosylated hemoglobin (HbA1c)
ere determined by conventional methods. LDL-C was calculated

ccording to Friedewald’s formula. TBARS was determined as previ-
usly described.16

Insulin was analyzed using a competitive radioimmunoassay (RIA)
it from Linco Research, St Charles, MO. This method is based on a
ouble-bounded antibody (PEG) technique.
OxLDL-C was measured with an enzyme-linked immunosorbent

ssay (ELISA) kit from Mercodia AB, Uppsala, Sweden. The method
s based on a direct sandwich technique in which 2 monoclonal anti-
odies are directed against separate antigenic determinants on the
xidized apolipoprotein B molecule.
NOx was analyzed using Total Nitric Oxide Assay kit (R&D System

urope, Abingdon, UK). Briefly, this assay is based on the enzymatic
onversion of nitrate to nitrite by nitrate reductase. The reaction was
ollowed by a colorimetric detection (540 nm) of nitrite as an azo dye
roduct of the Griess Reaction. To minimize interference with plasma
roteins, the samples were ultrafiltrated through a 12-kDa cut-off filter
VectaSpin Micro 12K MWCO; Whatman International, Maidstone,
ngland) prior to the analysis of NOx.
Plasma concentration of L-arginine, ADMA, and SDMA were mea-

ured by high-performance liquid chromatography (HPLC) and precol-
mn derivatization with o-phthaldialdehyde (OPA) (Sigma Chemicals,
t Louis, MO) as previously described in detail.16

linical Manifestations

Diabetes included individuals with manifest diabetes and/or fasting
lucose � 7 mmol/L. Insulin resistance was estimated according to a
omeostasis model assessment (HOMA) score, calculated with the
ollowing formula: (fasting insulin/7.2)/(22.5/fasting glucose), as de-
cribed by Matthews et al.23

Subjects were defined as overweight if they had BMI � 26 kg/m2

median value of the population). Smoking habits were recorded as
urrent smokers or not.

Verified cardiovascular disease state (CVD, including individuals
ho had suffered an acute myocardial infarction) and treated hyper-

ension were also recorded.

tatistical Analysis

As several variables were skewly distributed, data are presented as
edians and 25, 75 percentiles throughout. For demographic variables,

roportions are given. Correlations between variables were tested by
pearman correlation method. Mann Whitney rank sum test was used
or comparison between groups. Multiple linear regression analyses
ere performed to evaluate the independent relationship between
DMA and L-arg/ADMA ratio and relevant metabolic risk factors (see
able 2). Serum lipids and age were not included in the model owing

o the use of statins and the rather narrow range of age. We used a
ultiple logistic regression model to adjust for differences in risk

actors when comparing the clinical manifestation groups. As insulin

nd the HOMA score were highly intercorrelated, only insulin was a
ncluded in the regression models. Skewed variables were log-trans-
ormed before being entered in the regression models. The level of
tatistical significance was set at P � .05. The SPSS 11.0 (SPSS,
hicago, IL) software package was used for statistical analysis.

RESULTS

Clinical characteristics, use of medication and laboratory
ariables for the total study population are presented in Table 1.
s can be seen, 28% had CVD, 15% had diabetes, 34% were

urrent smokers, 30% had treated hypertension, and 27% were
tatin users.

orrelations

The coefficients of correlations between ADMA levels, L-
rg/ADMA ratio, and other relevant risk factors are shown in
able 2. Statin users were excluded from analyses including
erum lipids. ADMA was significantly correlated with BMI
P � .006), insulin (P � .001), the HOMA score (P � .001),
C/HDL-C ratio (P � .006), and inversely with HDL-C (P �

008). Borderline significant correlation was observed also for
G (P � .048). Insulin and the HOMA score were significantly
nd inversely correlated with the L-arg/ADMA ratio (both P �
001). The ratio was furthermore negatively correlated with
MI (P � .001), TG (P � .037), TC/HDL-C ratio (P � .011),

Table 1. Clinical Characteristics, Use of Medication, and Fasting

Laboratory Variables in the Study Population (n � 563)

Age (yr) (range) 70 (64-76)
Verified CVD (%) 28
Diabetes (%) 15
Hypertension (%) 30
Smokers (%) 34
Medications (%)

Statins 27
Acetylsalicylic acid 26
Beta-blockers 16
ACE inhibitors 13
Nitrates 9

Systolic blood pressure (mm Hg) 148 (135, 160)
Diastolic blood pressure (mm Hg) 83 (76, 91)
Body mass index (kg/height [m]2) 26.5 (24.1, 28.7)
TC (mmol/L) 6.3 (5.7, 7.0)
HDL-C (mmol/L) 1.4 (1.1, 1.6)
LDL-C (mmol/L) 4.1 (3.5, 4.7)
Ratio TC/HDL-C 4.5 (3.7, 5.5)
TG (mmol/L) 1.5 (1.1, 2.0)
oxLDL-C (U/L) 67 (54, 82)
Glucose (mmol/L) 5.6 (5.3, 6.2)
HbAlc (%) 5.6 (5.3, 5.9)
Insulin (pmol/L) 117 (93, 153)
HOMA score 4.1 (3.2, 5.6)
TBARS (�mol/L) 1.20 (0.96, 1.60)
Creatinine (�mol/L) 88 (80, 97)
ADMA (�mol/L) 1.39 (1.12, 1.76)
SDMA (�mol/L) 0.23 (0.17, 0.33)
L-arginine (�mol/L) 86 (76, 97)
Ratio L-arg/ADMA 62 (49, 77)
NOx (�mol/L) 26.1 (21.8, 34.5)

NOTE. Median values (25, 75 percentiles) or proportions are given.
nd TBARS (P � .014), whereas a positive correlation was
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1576 EID ET AL
bserved for HDL-C (P � .009). No correlations were found
etween blood pressure or age and ADMA or L-arg/ADMA
atio.

Multiple regression analyses were performed to define the
ndependent relationship between ADMA levels, the L-arg/
DMA ratio, and various risk markers (Table 2). As shown, the

-arg/ADMA ratio was significantly and independently related
o BMI (P � .003) and TBARS (P � .050), whereas the
elationship to insulin was no longer present. ADMA was
ndependently borderline significant related to BMI, but not to
ther metabolic risk factors.

imethylarginines and Clinical Manifestations

Median plasma concentration of ADMA in the total popu-
ation (n � 563) was 1.39 �mol/L and the L-arg/ADMA ratio
as 62 (Table 1). There were no differences in ADMA levels
r the L-arg/ADMA ratio in subjects treated with statins, an-
iotensin-converting enzymes (ACE) inhibitors, � blockers, or
itrates when compared with untreated individuals. Individuals
ith diabetes had borderline significantly higher ADMA levels

han the nondiabetics (1.47 v 1.38 �mol/L, P � .067), but no
ignificant difference in the L-arg/ADMA ratio could be dem-

Table 2. Correlations Between ADMA and L-arg/ADMA Ratio and

Relevant Risk Variables in the Total Population

ADMA Ratio L-arg/ADMA

r P r P

BMI (kg/m2) 0.12 .006† �0.15 �.001‡
Glucose (mmol/L) 0.068 .11 �0.074 .081
HbAlc (%) 0.061 .15 �0.064 .13
Insulin (pmol/L) 0.15 �.001 �0.15 �.001
HOMA 0.16 �.001 �0.16 �.001
TG (mmol/L)* 0.098 .048 �0.10 .037
HDL-C (mmol/L)* �0.13 .008 0.13 .009
r TC/HDL-C* 0.14 .006 �0.13 .011
LDL-C* 0.024 .62 0.032 .53
oxLDL-C (U/L)* �0.023 .64 0.022 .66
TBARS (�mol/L) 0.061 .15 �0.11 .014†
NOx (�mol/L) �0.063 .14 0.019 .64
Creatinine (�mol/L) 0.083 .049 �0.029 .49
SBP (mm Hg) 0.050 .24 �0.026 .54
DBP (mm Hg) 0.055 .19 �0.057 .18

*Without statin administration.
†.05 � P � .10; ‡P � .01, adjusted for related risk variables with log
DMA or log L-arg/ADMA ratio as dependent variables.

Table 3. Fasting Laboratory Variable

BMI � 26
(n � 279)

BMI � 26
(n � 275) P

BMI (kg/m2) 24 (23, 25) 28 (27, 30) �.0
ADMA (�mol/L)* 1.31 (1.07, 1.72) 1.44 (1.19, 1.78) .0
L-arginine (�mol/L) 87 (78, 98) 85 (76, 96) .0
Ratio L-arg/ADMA* 66 (50, 81) 59 (48, 72) �.0
NOx (�mol/L) 26.0 (21.6, 34.7) 26.1 (21.7, 34.5) .3
TBARS (�mol/L) 1.2 (0.9, 1.5) 1.3 (1.0, 1.7) .0

NOTE. Median values (25, 75 percentiles) are given. P refers to
riglycerides, glucose, SBP, DBP, and smoking; P2, adjusted for insul
*Log transformed.
nstrated. We observed no differences in plasma ADMA levels
r L-arg/ADMA ratios in subjects with or without CVD (1.38 v
.39 and 61 v 62, respectively) or in the group of treated
ypertensives compared with normotensives (1.35 v 1.39, and
2 v 61, respectively).

When dichotomizing the levels of BMI, significantly higher
DMA levels and significantly lower L-arginine and L-arg/
DMA ratio were observed in the individuals with high BMI

�26 kg/m2) as compared with subjects with low BMI (�26
g/m2) (P � .002, P � .014, and P � .001, respectively) (Table
). The BMI levels were divided according to the World Health
rganization (WHO) definition24 of being “normal” (�25 kg/
2) (n � 188), overweight (25 to 29.9 kg/m2) (n � 284), or

bese (�30 kg/m2)(n � 82), and the results were confirmed by
howing increasing levels of ADMA and decreasing levels of
-arg/ADMA ratio through the BMI groups (Fig 1). Over-
eight subjects also had significantly higher TBARS levels

P � .005), but no differences in oxLDL-C or NOx concen-
rations were observed between the groups. Overweight sub-
ects had furthermore significantly higher levels of TG (1.7 v
.3 mmol/L, P � .001) and elevated rTC/HDL-C (4.8 v 4.2,
� .001). Fasting glucose, insulin, HbA1c, and the HOMA

core were also higher in subjects with high BMI (P � .0001
or all) as compared with subjects with low BMI. The number
f statin users was similar in the 2 groups. After adjustment for
onfounding variables, ADMA was still significantly elevated
nd the L-arg/ADMA ratio significantly lower in overweight
ndividuals (P � .050 and P � .008, respectively) (Table 3).

Plasma concentration of ADMA was significantly lower and
-arginine and the L-arg/ADMA ratio were significantly higher
n smokers as compared with nonsmokers (P � .037, P � .004,
nd P � .001, respectively) (Table 3). Significantly higher
evels of NOx could also be demonstrated in smokers (P �
008), whereas no differences in TBARS or oxLDL-C concen-
ration were observed between these groups. BMI, insulin,
OMA score, and creatinine were significantly lower in smok-

rs as compared with nonsmokers (P � .001, P � .002, P �
001, and P � .004, respectively), whereas serum lipids and
lucose levels did not differ. After adjustment for confounding
ariables, smokers had still significantly elevated levels of
-arginine and L-arg/ADMA ratio (P � .007 and P � .008,
espectively) as compared with nonsmokers, whereas the dif-
erences in ADMA and NOx levels were no longer statistically
ignificant (Table 3).

ording to Overweight and Smoking

P1
Smoke�

(n � 364)
Smoke�

(n � 189) P P2

27 (25, 29) 25 (23, 27) �.001 �.001
.050 1.42 (1.16, 1.77) 1.32 (1.05, 1.72) .037 .14
.12 85 (75, 96) 88 (80, 101 .004 .007
.008 60 (48, 75) 66 (53, 81) .001 .008
.41 25.2 (21.4, 34.0) 28.6 (22.4, 36.8) .008 .06
.61 1.2 (1.0, 1.6) 1.2 (1.0, 1.7) .91 .51

rences between groups; P1, adjusted for rTC/HDL-C, insulin, log
P, DBP, BMI, and creatinine.
s Acc

01
02
14
01
9
05

diffe
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1577ADMA AND METABOLIC RISK FACTORS
DISCUSSION

In the present study of 563 elderly men with high risk for
oronary heart disease, we could show a close relationship
etween BMI and plasma levels of ADMA and the L-arg/
DMA ratio, independent of other metabolic risk factors.
verweight and obese subjects had significantly elevated
DMA levels and lower L-arg/ADMA ratio as compared with

ean or normal individuals. Surprisingly, smokers, comprising
4% of the population, and with a smoking history of at least
5 years, had lower levels of ADMA and higher L-arg/ADMA
atio than nonsmokers.

Previous studies have shown concentrations of ADMA to be
levated in healthy old people compared with young and mid-
le-aged subjects.12 In the present study, ADMA levels in the
otal population were similar to what have been shown in
ubjects with hypercholesterolemia, with almost 2-fold higher
evels than in young healthy subjects.16 These levels of ADMA
ay have pathophysiologic significance, as they are within the

ange shown to inhibit the activity of NOS.25

Elevated ADMA levels have been shown in a wide range of
isease states.6,16,26,27 We could, however, not demonstrate any
ifferences in ADMA levels or L-arg/ADMA ratio in subjects
ith or without CVD, treated hypertensives versus normoten-

ives or diabetics versus nondiabetics in the present population.
e could also not find any association between ADMA and

ystemic blood pressure, which has been described in some
tudies.17,19,20 Our observations may be explained by the het-
rogeneity of this older population, survivors from a population
t high risk for CVD, using a broad spectre of medication that
ay affect the levels of ADMA and L-arginine through mech-

nisms not known, although no influence of the recorded med-
cations could be seen. The L-arginine concentrations observed
n the present population were close to values obtained in
ealthy, younger subjects.16

There is growing evidence that endothelial dysfunction is
entral in the insulin resistance syndrome and type 2 diabe-
es,28,29 in which it has been shown that the release and/or
ioavailability of NO are diminished.30,31 Several cardiovascu-
ar risk factors are associated with reduced sensitivity to insu-
in, and recently elevated ADMA concentrations were linked to
he metabolic syndrome. Stühlinger et al19 observed a strong
elationship between insulin resistance and plasma concentra-
ions of ADMA. The present results from our larger population
re in accordance with these findings, showing highly signifi-

Fig 1. ADMA and L-arg/

DMA ratio according to the

HO criteria for being over-

eight or obese. Normal: BMI <
5 kg/m2, overweight: 25 kg/
2

< BMI < 29.9 kg/m2, obese:

MI > 30 kg/m2.
ant correlations between ADMA and insulin and the HOMA a
core, an alternative to more sophisticated techniques for in
ivo evaluation of insulin sensitivity.23 Furthermore, these vari-
bles were inversely correlated with the L-arg/ADMA ratio.
hese associations were, however, not independent of the mul-

iple risk components in this syndrome. We did, nevertheless,
bserve highly significant associations between ADMA and
-arg/ADMA ratio and BMI, another well-known component
f the insulin resistance syndrome, especially the L-arg/ADMA
atio, remaining significant also after adjustment for related risk
actors. This close association was confirmed when we divided
he individuals according to being overweight or not, revealing
ncreased ADMA levels and especially reduced L-arg/ADMA
atio in overweight subjects. Although some reports on the
elationship between BMI and the activity of NO-dependent
athways are contradictory,32,34 NO-dependent vasodilation
as been shown to be impaired in obese insulin-resistant pa-
ients.35 According to the present results, this may be discussed
s a result of elevated ADMA levels in such patients. Overall,
t seems that the imbalance between L-arginine and ADMA
evels should be included in the cluster of risk factors in the
nsulin resistance syndrome, although direct mechanisms are
till unknown. A possible direct link between obesity and
DMA might be through increased inflammatory activity in

dipocytes, especially with increased synthesis of tumor necro-
is factor-� (TNF-��),36,37 which, in turn, has been shown to
ncrease the expression of ADMA in endothelial cell cultures.38

e could furthermore show that the degree of peroxidation,
nspecifically assessed as TBARS, was elevated in overweight
ndividuals. TBARS was also found to be independently in-
ersely related to the L-arg/ADMA ratio. In this context, it is
nteresting that the ADMA catabolic enzyme protein arginine
-methyltransferase I (PRMT I) and the metabolic enzyme,
imethylarginine dimethylaminohydrolase (DDAH) have both
een shown to be redox-sensitive.8 Recent in vitro studies have
emonstrated that oxidative stress is associated with increased
oncentrations of ADMA in human endothelial cell superna-
ants.8 Thus, the linkage between obesity and endothelial dys-
unction might be drawn through inflammation, oxidation, and
ncreased inhibition of NO synthesis, the latter by an imbalance
etween ADMA and L-arginine. In line with this, an association
etween ADMA or L-arg/ADMA ratio and the levels of LDL-C
nd oxLDL-C might be expected, as an oxLDL-C regulating
athway of ADMA has been focused.8,9,39 There are, however,
onflicting reports regarding the relationship between ADMA

nd LDL-C.13,16,40 We could not demonstrate any correlations
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1578 EID ET AL
o the levels of either oxLDL-C or LDL-C, whereas strong
ssociations were observed between both ADMA and the L-arg/
DMA ratio and HDL-C. Owing to the use of statins in the
resent population, independent relationships are not easy to
ule out.

Although there is a strong association between cigarette
moking and the development and progression of atheroscle-
osis, there are limited data about the direct influence of to-
acco consumption. The pathophysiologic mechanisms under-
ying these associations are therefore still under debate.
moking is discussed to cause endothelial dysfunction by in-
reased oxidative damage brought about by radical oxygen
pecies. There are limited data regarding the influence of smok-
ng on ADMA levels.41 In the present larger population, we
urprisingly observed lower ADMA levels, higher L-arginine,
nd L-arg/ADMA ratio in smokers versus nonsmokers, inde-
endent of confounding variables including BMI. We find these
bservations interesting, and it seems likely that the relatively
igh levels of L-arginine may be important. L-arginine supple-
entation has been shown to limit both native LDL-C and

xLDL-C–induced endothelial dysfunction.42 The present re-
ults were to some degree supported by the finding of higher
evels of the NO metabolites, Nox, in smokers when compared
ith nonsmokers. This measurement of NOx by the Griess
eaction reflects both NO metabolites, as well as bioactive NO, b
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hus bioactive NO cannot be exactly estimated. Our results are
ot in line with some previous reports regarding smoking and
Ox in other populations. It was shown that acute cigarette

moking in young healthy smokers gave a temporary decrease
n nitrite and nitrate,43 and in the study of Mazzone et al,44 they
howed reduced levels of NOx in their population of hyperten-
ive smokers. It should be noted that the smokers in the present
opulation had been chronic smokers for at least 25 years. It
ould furthermore be discussed that our population might have
ome protection in scavenging free radicals, thus not being
xposed to oxidative stress as supposed, as the levels of
BARS and oxLDL-C did not differ between smokers and
onsmokers. Moreover, it should be emphasized that the
resent population is survivors from a high-risk population and
ight thus be considered to have some protective traits. One
ight again speculate on the potential beneficial effect of

igher levels of L-arginine.
In conclusion, the strong relationship between BMI and

lasma levels of ADMA and the L-arg/ADMA ratio shown
ndicate a close link to endothelial dysfunction in overweight
ubjects. ADMA and L-arg/ADMA ratio should therefore be
ncluded in the cluster of metabolic risk factors known to
ontribute to atherosclerotic disease. The beneficial dimethyl-
rginine profile in smokers is not easily explainable and should

e further investigated.
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