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Increased asymmetric dimethylarginine (ADMA) levels 
and decreased homocysteine thiolactonase/paraoxonase 
(HTLase/PONase) activities are related to the risk of 
cardiovascular disease in prediabetic/diabetic patients

[Prediyabetik/diyabetik hastalarda artmış asimetrik dimetilarjinin (ADMA) ve 
azalmış homosistein tiyolaktonaz/paraoksonaz (HTLase/PONase) aktiviteleri 
kardiyovasküler hastalık riski ile ilişkilidir]

ABSTRACT
Objective: Individuals with impaired glucose tolerance and/or impaired fasting glucose 
are at high risk, not only to develop diabetes mellitus, but also to experience cardiovascular 
disease later in their life. The aim of this study was to evaluate the cardiovascular risk markers 
(such as serum ADMA, homocysteine, high-sensitivity C-reactive protein, small dense LDL 
levels, paraoxonase/homocysteine thiolactonase and platelet-activating factor acetylhydrolase 
activities between patients with diabetes, prediabetes, and control group.
Methods: Subjects were grouped as Type 2 diabetes mellitus (n=20), IGT (n=16), IFG (n=19) 
and control group (n=23). Enzyme activities were measured spectrophotometrically. ADMA 
levels were measured by HPLC. Serum concentrations of homocysteine were measured by 
fluorescence polarization immunoassay. sLDL was measured by using heparin-magnesium 
precipitation method. h-CRP was measured by using immuno nephelometric method.
Results: Plasma ADMA levels were significantly lower in the control group than the IFG, IGT, 
DM groups (p<0.05, p<0.01, p<0.01 respectively). Serum HTLase activity was significantly 
higher in the control group than in the IFG, IGT, DM groups (p<0.01, p<0.01, p<0.001 
respectively). No difference was found in plasma Hcy, sLDL, h-CRP concentrations and PAF-
AH acivity between groups.
Conclusion: We concluded that increased ADMA levels and decreased HTLase/PONase 
activities in prediabetic patients can indicate that the risk of atherosclerosis in prediabetic stage.
Key Words: Paraoxonase, homocysteine thiolactonase, platelet-activating factor 
acetylhydrolase, ADMA, atherosclerosis, prediabetes, diabetes
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ÖZET
Amaç: Bozulmuş glukoz toleransı ve/veya bozulmuş açlık glukozu olan bireyler hayatlarının 
ilerleyen safhalarında sadece diyabet gelişmesi değil aynı zamanda kardivasküler hastalık 
riski de taşırlar. Bu çalışmanın amacı diyabet, prediyabet ve sağlıklı kontrol grupları arasında 
kardiyovasküler risk belirteçlerinin (ADMA, homosistein, HsCRP, sLDL, paraoksonaz/
homosistein tiyolaktonaz ve trombosit aktive edicifaktör hidrolaz (PAFAH) gibi) düzeylerinin 
nasıl değiştiğini araştırmaktır.
Metod: Çalışma grubu Tip 2 diyabet (n=20), bozulmuş glukoz tolerans (IGT) (n=16), bozulmuş 
açlık glukozu (IFG) (n=19) ve kontrol group (n=23) olarak 4 gruba ayrıldı. Enzim aktiviteleri 
spektrofotometrik olarak ölçüldü. ADMA düzeyleri HPLC metodu ile tayin edildi. Serum 
homosistein düzeyleri floresans immuassay ile ölçüldü. sLDL heparin-magnezyum çöktürme 
yöntemi kullanılarak ölçüldü. h-CRP düzeyleri nefelometrik yöntemle ölçüldü.
Bulgular: Plasma ADMA düzeyleri kontrol grubunda IFG, IGT, DM grubuna göre anlamlı 
olarak daha düşüktü ( sırasıyla p<0.05, p<0.01, p<0.01). Serum HTLase düzeyleri kontrol 
grubunda IFG, IGT, DM grubuna göre daha yüksekti (sırasıyla, p<0.01, p<0.01, p<0.001). Hcy, 
sLDL, h-CRP düzeyleri ve PAFAH aktivitesi gruplar arasında istatistik olarak anlamlı değildi. 
Sonuç: Çalışmanın sonuçlarına göre prediyabetik hastalarda artmış ADMA düzeyleri ve 
azalmış HTLase/PONase aktivitesi prediyabetik evrede kardiyovasküler riski göstermektedir.
Anahtar Kelimeler: Paraoksonaz, homosistein tiyolaktonaz, trombosit aktive edici faktör 
asetil hidrolaz, ADMA, ateroskleroz, prediyabet, diyabet
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tioxidant enzyme associated with HDL. This enzyme is 
considered to play an important role in inflammatory dis-
eases and atherosclerosis [9]. PAFAH degrades platelet-
activating factor (PAF) and PAF-like molecules produced 
on inflammation and LDL oxidation, and is proposed to 
exert an antiatherogenic role. 
The ADMA, Hcy, CRP, sLDL levels, PONase/HTLase 
and PAF-AH activities in an early DM state has not been 
evaluated yet. Several studies have examined mechanisms 
and potential etiological factors leading to the develop-
ment of prediabetes [2-6]. Growing body of evidence sug-
gests a strong relationship between prediabetes and CVD. 
The aim of the present study is to evaluate serum ADMA, 
Hcy, CRP, sLDL levels, PONase/HTLase and PAF-AH 
activities in IGT, IFG subjects and in diabetic patients. 

Materials and Methods
Subjects with diabetes, IGT, IFG and normal glucose tol-
erance (control group) participated in this study. All par-
ticipants underwent a standard oral glucose tolerance test 
(OGTT) except DM patients. Subjects with CVD, kidney 
or liver dysfunction or any inflammatory condition are 
not included in the study. The study was approved by the 
Hacettepe University Faculty of Medicine Ethics Com-
mittee (04.11.2004, FON 04/26-14) and all subjects had 
given written informed consent. 
Clinical and demographic features of the subjects were 
recorded. Blood samples were drawn in the morning af-
ter an overnight fasting. Type 2 diabetes, impaired fasting 
glucose and IGT were defined according to the American 
Diabetes Association criteria (2003) using a 75 g oral glu-
cose tolerance test [14]. The degree of insulin resistance 
was determined using Homeostasis Model Assessment 
Insulin Resistance (HOMA IR) index [15].
The body weight and height of the subjects were measured 
with subjects in light clothing and without shoes. Fasting 
venous blood sample was collected in tubes containing 
EDTA or in plain tubes. All blood samples were centrifu-
gated at 1500xg for 5 min at 4 ºC.. For HTLase activity 
and ADMA, the serum aliquot was stored at −700C. Lipid 
profile was evaluated at the Laboratory of Clinical Pathol-
ogy in Hacettepe University Hospital. Triglycerides, LDL-
C and HDL-cholesterol (HDL) levels were measured 
spectrophotometrically using Roche Modular Systems. 
Plasma glucose concentrations were measured with the 
glucose oxidase method (Human Gesellschaft Wiesbaden 
Germany). Plasma insulin levels were measured using ra-
dioimmunoassays (Immunotech IRMA, Czech Republic). 
Serum homocysteine concentrations were measured by 
fluorescence polarization immunoassay (Abbott, Germa-
ny). hs-CRP levels were measured by using immune neph-
elometric method (IMMAGE Immunochemistry Systems; 
Beckman Coulter, California, USA).
Homocysteine thiolactonase activity
HTLase activity was measured spectrophotometrically 
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Introduction
Diabetes mellitus (DM) is associated with an increased 
risk of cardiovascular disease (CVD) and mortality [1]. 
Impaired glucose tolerance (IGT) and impaired fasting 
glucose (IFG) are well characterized prediabetic condi-
tions and about half of those proceed with the develop-
ment of type 2 diabetes [2]. During the pre-diabetic state, 
the risk of a CVD is modestly increased [3-5], even in 
healthy people, increased blood glucose levels may lead 
to an increased risk of CVD [6]. It has been proposed that 
high glucose level is a cardiovascular risk factor, similar 
to hypercholesterolemia and hypertension [6]. Thus, vas-
cular complications may already start in prediabetic stage 
and accelerated atherosclerosis has been documented in 
patients with DM [2,6]. 
Oxidative stress is a key factor in atherogenesis which is 
closely associated with the inflammatory response and 
bioactive lipid formation. Hyperglycemia, implicated in 
the pathogenesis of atherosclerosis, may promote oxida-
tive modification of low-density lipoprotein (LDL) into 
oxidized LDL (OxLDL) [3,4]. Small dense LDL (sLDL) 
is considered highly atherogenic due to its higher penetra-
tion into the arterial wall and its susceptibility to oxida-
tion [7]. Therefore, any mechanism that would decrease 
OxLDL should be antiatherogenic. The high density lipo-
protein (HDL) particle(s) is known to prevent the forma-
tion of OxLDL by means of the HDL-associated enzymes 
paraoxonase (PONase) and platelet-activating factor 
acetylhydrolase (PAF-AH); their antioxidant properties 
prevent the accumulation of lipid peroxides on LDL [8,9].
Paraoxonase is a multifunctional antioxidant enzyme 
that not only can destroy OxLDL but also can detoxify 
the homocysteine thiolactone [8,10]. Jakubowski [10] 
suggested that PON1 possesses a thiolactonase activ-
ity; hydrolyzing Hcy thiolactone (HTL) to Hcy. excess 
of Hcy generates HTL, a chemically reactive metabolite 
that acylates free amino groups of lysine residues, causing 
protein alterations and cellular damage [10]. It has been 
shown that HTL can homocysteinylate LDL leading to 
its aggregation and enhanced uptake by endothelial cells 
in vitro [11]. HTL has been implicated as the molecular 
basis of Hcy-induced vascular damage [10]. In addition, 
hyperhomocysteinemia reduces the activity of enzyme di-
methylarginine dimethylaminohydrolase (DDAH) which 
metabolizes asymmetrical dimethyl- L-arginine (ADMA) 
[12]. ADMA is an endogenous inhibitor of nitric oxide 
(NO) synthesis causing endothelial dysfunction. Recent 
studies indicated that ADMA may be a novel risk factor 
for endothelial dysfunction in humans [12].
Oxidation of LDL results in the formation of oxidized 
phospholipids and PAF-like molecules, which are potent 
bioactive lipids contributing to inflammation [9]. C-re-
active protein (CRP) is a clinical marker of the state of 
inflammation and has been shown to be an independent 
predictor of atherosclerosis [13]. PAF-AH is another an-



selective homogeneous assay method (LDL direct, Olym-
pus Diagnostics, Hamburg, Germany). This direct LDL-C 
assay was performed with an Olympus AU-2700 autoana-
lyzer (Hamburg, Germany).
ADMA assay
Measurement of ADMA was accomplished by HPLC, us-
ing the method described by Chen et al. [21]. Briefly, to 1 
ml plasma, 20 mg of 5-sulfosalisilic acid was added and 
the mixture was left in an ice-bath for 10 min. The pre-
cipitated protein was removed by centrifugation at 2000 
for 10 min. Ten micro liters of the supernatant, which was 
filtered through a 0.2 μm filter was mixed with 100 μl of 
derivatization reagent (prepared by dissolving 10 mg o-
phtaldialdehyde in 0.5 ml of methanol, and 2 ml of 0.4 M 
borate buffer (pH 10.0) and 30 μl of 2-mercaptoethanol 
were added) and then injected into the chromatographic 
system. Separation of ADMA was achieved with a 150×4 
mm I.D. Nova-pak C18 column with a particle size of 5 
μm (Waters, Millipore, Milford, MA, USA) using 50 mM 
sodium acetate (pH 6.8), methanol and tetrahydrofurane 
as mobile phase (A, 82:17:1; B, 22:77:1) at a flow-rate 
of 1.0 ml/min. The areas of peaks detected by fluorescent 
detector (Ex: 338 nm; Em: 425 nm) were used for quanti-
fication. The variability of the method was less than 7%, 
and the detection limit of the assay was 0.1μM.
Statistical analysis
SPSS software, version 11.0 was used for statistical anal-
ysis. P values less than 0.05 were judged as significant. 
Continuous variables with normal distribution were ex-
pressed as mean±SD, variables with skew distribution are 
expressed as median (minimum-maximum). For paramet-
rically distributed data, comparisons between the groups 
were made using analysis of variance (ANOVA) followed 
by the Tukey honestly significant difference post hoc 
test. For nonparametrically distributed data, the Kruskal-
Wallis and Man-Whitney U tests with Bonferroni correc-
tion were used where appropriate. Correlations between 
changes in variables were tested using the Pearson cor-
relation test. 

Results
A total of 78 subjects participated in our study. Twenty of 
them were previously diagnosed diabetics. Other subjects 
are grouped as IGT and IFG according to the American 
Diabetes Association criteria [14] following a 75 g oral 

using a modification of the method described by Billecke 
[16]. Homocysteine thiolactone was used as substrate at 
a final concentration of 2 mM in 50 mM Hepes buffer 
(pH 7.4). Thiolactone hydrolysis was measured at 37 °C, 
using Ellman’s procedure [17] for monitoring at 412 nm 
the accumulation of free sulfhydryl groups reacting with 
DTNB. Enzymatic activity was calculated from the molar 
extinction coefficient of DTNB (Є412= 13600 M-1cm-1) 
and corrected for the non-enzymatic hydrolysis. One unit 
of HTLase activity is defined as 1 µmol of substrate hy-
drolyzed per min, under the defined assay conditions.
Paraoxonase activity
PONase activity towards phenyl acetate was measured 
spectrophotometrically at 270 nm [17]. Reaction mixtures 
contained 50 mM Tris/HCl (pH 8.0), 1 mM CaCl2, 1 mM 
phenyl acetate and 5-20 µl enzyme in a total volume of 1 
ml. Assays were measured for up to 60 sec at 27ºC. The 
reaction was linear during this period. All rates were de-
termined in triplicate and corrected for non-enzymatic hy-
drolysis. One unit of PONase activity is equal to 1 µmol 
of phenyl acetate hydrolyzed/min/mg protein.[18]
PAF-AH activity
PAF-AH activity was determined spectrophotometrically 
using a modification of the method described by Staffo-
rini et al [19]. 2-thio-PAF (Cayman Chemical) was used 
as substrate at a final concentration of 1 mM in 100 mM 
Tris-HCl buffer (pH 7.4). Hydrolysis of thioester sub-
strate was measured at 37 °C, using Ellman’s procedure 
[17] for monitoring at 412 nm the accumulation of free 
sulfhydryl groups reacting with DTNB. Enzymatic activ-
ity was calculated from the molar extinction coefficient 
of DTNB (Є412= 13600 M-1cm-1). One unit of PAF-AH 
activity is defined as 1 µmol of substrate hydrolyzed per 
min, under the defined assay conditions.
sLDL assay
We measured the sLDL-C using a modified version of 
the heparin-magnesium precipitation method described 
previously [20]. In brief, the precipitation reagent (0.2 
mL) containing 150 U/mL of heparin sodium salt and 90 
mmol/L MgCl2 was added to a serum sample (0.2 mL) 
and incubated for 10 min at 37 °C. After centrifugation 
at 5000×g for 1 min, sLDL and HDL were collected by 
filtering off the more buoyant lipoproteins. Then the pen-
etrate solution containing sLDL-C and HDL-C was re-
moved for the measurement of LDL-C by a direct and 
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Table 1. Demographic characteristics in IFT, IGT, DM and controls.

 Type II DM IGT IFG Control

 (n=20) (n=16) (n=19) (n=23)

Age    50.9±4.7       48.1±5.0      50.6±2.1      45.4±4.9

BMI (kg/m2)    32.1±3.7       32.8±4.9      31.5±5.1      27.1±3.6

Waist circumference (cm)   102(90-119)     102(82-124)     102(82-127)      92(74-110)



groups, PONase activity negatively correlated with CRP 
levels (r=-0.939, p=0.017), ADMA levels negatively cor-
related with CRP levels (r=-0.512, p=0.025) and PONase 
activity (r=-0.699, p=0.01), sLDL levels negatively cor-
related with BMI (r=-0.463, p=0.046), Insülin levels posi-
tively correlated with BMI (r=0.654, p=0.002). In con-
trol groups, PAF-AH activity negatively correlated with 
sLDL(r=-0.451, p=0.031). 

Discussion
Individuals with IFG and IGT are at high risk for DM 
1-5). Studies evaluated the association between CVD and 
blood glucose levels even in non-diabetic people, but the 
results are inconclusive [3]. The mechanism of the asso-
ciation between prediabetes and CVD is not well known. 
In this study, serum HTLase activity, ADMA, and Hcy 
levels were investigated in the subjects with IGT and IFG. 
The data obtained were compared with healthy subjects. 
PON1 hydrolyzes a wide range of substrates, such as 
esters, thioesters, phosphotriesters, carbonates, lactones, 
and thiolactones [8,10,11]. It is now well established 
that PON1 possesses HTLase activity that degrades an 
endogenous substrate, HTL, involved in the oxidative 
modification of proteins [10]. Thus, we evaluated HT-
Lase activity in addition to PONase activity in predia-
betic stage. Several studies have shown that HTLase and/
or PONase activities were decreased in CVD and type 2 
DM patients [22,24]. HTLase and PONase activities were 
found significantly lower in IFG, IGT and DM groups. 
We didn’t find a significant difference in plasma homo-
cysteine levels between the groups. It has been suggested 
that elevation of Hcy can be due to demographic, genetic, 
nutritional or metabolic factors [10]. HTLase activity was 
suggested to be inversely correlated with oxidative stress 
[22]. Research has shown that oxidized LDL concentra-
tion is negatively correlated with serum HTLase/PON1 
activity [8]. Although no difference in Hcy levels, the de-
crease in HTLase activity could be due to the increased 
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glucose tolerance test; (1) IFG: fasting plasma glucose 
100-125 mg /dl (2) IGT: 2h plasma glucose in the 75g 
OGTT 140-199 mg/dl. Subjects with normal glucose tol-
erance are taken as the control group.
Demographic features of the subjects are shown in Table 
1. All four groups were similar regarding age and BMI. 
There was no significant difference in age, BMI and waist 
circumference between groups.
Plasma ADMA levels were significantly lower in the con-
trol group than the IFG, IGT, DM groups (p<0.05, p<0.01, 
p<0.01 respectively) (Figure 1a). Plasma ADMA levels 
were significantly lower in the IFG group than in the 
IGT, DM groups (p<0.05, p<0.05, respectively). Serum 
HTLase and PONase activities were significantly higher 
in the control group than in the IFG, IGT, DM groups 
(p<0.01, p<0.01, p<0.001 and p<0.01, p<0.01, p<0.01, 
respectively) (Figure 1b). Serum HTLase and PONase 
activities were significantly higher in the IFG group than 
the DM group (p<0.05, p<0.05, respectively). No dif-
ference was found in plasma Hcy, sLDL, Lp (a), hCRP 
concentrations and PAF-AH activity between groups. As 
shown in Table 2, HDL levels were significantly lower in 
the DM group compared to the control group (p<0.05). 
Serum triglycerides were significantly higher in the DM 
group compared to the control group (p<0.05) and IGT 
group (p<0.05). HOMA-IR was significantly higher in 
IFG, IGT, and DM groups than the control group (p<0.05, 
p<0.01, p<0.01, respectively). Insulin levels were signifi-
cantly higher in IGT and DM subjects than the control 
group (p<0.05, p<0.01, respectively). In diabetic patients, 
HOMA-IR negatively correlated with HTLase activity 
(r=-0.488, p=0.029), ADMA levels negatively correlated 
with PONase activity (r=-0.455, p=0.022), PONase activ-
ity positively correlated with PAF-AH activity (r=0.615, 
p=0.020). In IGT group, HDL levels negatively corre-
lated with homocysteine levels (r=-0.513, p=0.042) and 
BMI (r=-0.632, p=0.009), PAF-AH activity negatively 
correlated with CRP levels (r=-0.687, p=0.003). In IFG 

Figure 1. ADMA levels (a) and PONase, HTase activities (b) in patient with diabetes, IFG, IGT and control group.
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studies report increased ADMA levels in prediabetics [3, 
30-32]. Eliana et al. [33] report no significant difference 
between groups. Associations between increased levels of 
ADMA and many cardiovascular risk factors such as age, 
hypertension, diabetes, insulin resistance, hypercholes-
terolemia, hypertriglyceridemia, smoking and BMI have 
been documented [26]. In our study we found that ADMA 
levels were a little above normal value. We considered 
that this increase may be the result of insulin resistance, 
increased BMI and smoking.
In our study, plasma ADMA levels were significantly in-
creased in the IFG, IGT, DM groups compared the control 
group (respectively, p<0.05, p<0.01, p<0.01). We suggest 
that increased ADMA levels could contribute to impaired 
endothelial function in prediabetic stage. 
Recent studies have indicated that LDL particle concen-
trations, and specifically sLDL levels are predictive for 
coronary events and it is an independent coronary dis-
ease risk factor [7]. Studies show that subjects with the 
metabolic syndrome and/or DM have higher sLDL levels 
than controls [7,34,35]. In our study, we didn’t find any 
significant difference in serum sLDL levels between the 
groups.
Since plasma PAF-AH activity provides a key defense 
against the actions of PAF and oxidized phospholipids, its 
decreased activity could lead to such pathological condi-
tions as atherosclerosis and thrombosis [9]. Some studies 
demonstrate that patients with DM have decreased activ-
ity of PAF-AH [9,36]. Cavallo-Perin et al [37] did not find 
any difference in PAF-AH activity between groups of pa-
tients with DM1 and control subjects. In our study, we did 

oxidative stress. Thus, decreased HTLase activity in pre-
diabetic stage and diabetic patients could accounts for the 
increased homocysteinylation of proteins, which in turn 
leads to atherosclerosis. Moreover, reduction of HTLase 
activity might play central role in the atherosclerotic pro-
cess, because HTLase activity modulate the susceptibility 
of LDL to atherogenic modifications such as glycation, 
oxidation and homocysteinylation. 
ADMA is the major inhibitor of nitric oxide biosynthe-
sis in humans. Clinical studies have been shown that high 
ADMA level is associated with endothelial dysfunction 
and CVD [12]. Elevated ADMA levels is considered as an 
early marker of the initial stage of atherosclerosis [12, 25]. 
Recent studies have been shown that in type 2 DM, in-
creased ADMA level is the powerful indicator for MI and 
stroke [25, 26]. Hyperglycemia probably may increase 
ADMA concentration. ADMA is mainly metabolized by 
dimethylarginine dimethylaminohydrolase (DDAH) Lin 
et al. [26] hypothesized that hyperglycemia impairs the 
ADMA metabolizing enzyme activity (DDAH). In other 
study demonstrated that elevated glucose levels are ca-
pable of inhibiting DDAH activity in cultured endothelial 
cells [26]. Hyperglycaemia is associated with endothelial 
dysfunction both in vivo [27] and in vitro[28], therefore, 
endothelial dysfunction is an early feature in the develop-
ment of vascular complications in people with diabetes 
These findings suggest that the elevated ADMA in diabe-
tes could contribute to accelerated atherosclerosis in this 
population [29]. 
 Studies comparing ADMA levels of prediabetic subjects 
with healthy people are inconclusive. Although some 
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Table 2. Biochemical characteristics of the DM, IGT, IFT, and control subjects.

Parameters TypeII DM IGT IFG Control

 n=20 n=16 n=19 n=23

Glucose (mg/dl) 114(82-257) a 98(75-139) a 108(99-124) a 84 (72-99)

LDL-C (mg/dl) 104(55-169) 127(80-179) 112(61-166) 114(61-159)

HDL-C (mg/dl) 46.3±8.1d 46.8±9.8 49.7±9.4 56.6±14.3

Triglyceride (mg/dl) 146(62-278) e 196(55-385) e 123(57-230) 115(220-184)

sLDL (mg/dl) 13.1±0.9 11.2±1.2 10.5±0.9 9.4±0.81

Lp(a) (mg/dl)      18.7±10.2 23.5±15.2 20.3±10.8 27.7±10.4

Homocysteine(µmol/L) 12.3±0.8 12.4±0.9 12.7±0.6 11.3±0.5

İnsülin(µIU/ml) 16.2±8 b 14.2±7.9 d 12.9±5.1 9.6±4.4

HOMA-IR 3.1±0.5 c 2.8±0.3 c 2.5±0.4 d 1.6±0.3

h-CRP(mg/dl) 0.55±0.2 0.41±0.4 0.39±0.29 0.35±0.4

PAF-AH (U/ml) 0.129±0.01 0.130±0.02 0.132±0.02 0.134±0.01

ADMA (µmol/L) 1.2±0.08 c,f 0.93±0.04 c,f 0.91±0.06 d 0.83±0.05

HTase (U/mL) 33.7±0.8 b,g 34.1±2.1 c 35.3±1.0 c 41.3±4.7

PONase(U/mL)    134.7±6.7 c,g 136.1±3.7 c 148.5±5.1 c 161.8±10.1
a: p<0.001 vs control (p values obtained by Kruskal Wallis and Man-Whitney U test); b: p<0.001 vs control (p values obtained by ANOVA and 
Tukey post hoc test); c: p<0.01 vs control (p values obtained by ANOVA and Tukey post hoc test); d: p<0.05 vs control (p values obtained 
by ANOVA and Tukey post hoc test); e: p<0.05 vs control (p values obtained by Kruskal Wallis and Man-Whitney U test); f: p<0.05 vs IFG (p 
values obtained by ANOVA and Tukey post hoc test); g: p<0.05 vs IFG (p values obtained by ANOVA and Tukey post hoc test).
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not find any significant difference between groups. Re-
cently, studies have focused on the inflammatory risk fac-
tors of prediabetes and type 2 DM [35,38,39]. These stud-
ies indicate that higher hs-CRP levels is associated with 
DM, metabolic syndrome or prediabetes [13,35,38,39]. In 
the present study, we could not found a significant differ-
ence in plasma CRP levels between the groups.
In conclusion, our data showing increased ADMA levels 
and decreased HTLase/PONase activities in prediabetic 
patients can indicate the risk of atherosclerosis in predia-
betic stage. Prediabetic people are under risk not only for 
DM but also for atherogenesis. The evaluation of the HT-
Lase/PONase activities and ADMA levels may improve 
the early diagnosis of CVD in prediabetic patients.
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