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Aim: Paraoxonase-1 (PON1) is an antioxidant enzyme located in high density lipoprotein (HDL). 
PON1 was defined as a protective factor against atherosclerosis. The aim of this study was to investi-
gate the possible relationship between serum paraoxonase (PONase), homocysteine thiolactonase 
(HTase) activities and PON1 Q192R polymorphism, and the extent and severity of atherosclerosis.
Methods: Blood specimens were collected from 142 individuals who had no coronary artery lesions 
angiographically (control group) and 128 individuals who had angiographically documented coro-
nary artery disease of several degrees (patient group). The extent and severity of arterial lesions were 
evaluated by the Gensini scoring system. PONase and HTase activities were measured in serum us-
ing a spectrophotometric method. PON1 Q192R polymorphism was evaluated using PCR-RFLP af-
ter DNA isolation from blood. 
Results: Serum PONase and HTase activities were significantly lower in the patient group than in 
healthy controls (135.7±56.0 U/mL vs 153.8±62.0 U/mL, p＜0.05; 36.0±6.1 U/mL vs 43.0±4.04 
U/mL, p＜0.01; respectively). In the patient group, there was a negative correlation between 
PONase, HTase activities and the Gensini score (r=－0.168, p=0.039; r=－0.164, p=0.006, respec-
tively). In both groups, there was no significant difference in the distribution of PON1 Q192R poly-
morphism. In the patient group, the distribution of Gensini scores according to genotypes was not 
significant. 
Conclusion: It has been concluded that serum PONase and HTase activities might be a more rele-
vant marker than PON1 genotype in evaluating the extent and severity of atherosclerosis.
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Introduction

Paraoxonase 1 (PON1) is a Ca2＋-dependent se-
rum esterase that is tightly associated with high densi-
ty lipoprotein (HDL)1, 2). PON1 hydrolyzes a broad 
range of substrates such as aryl esters (including phe-
nyl acetate), nerve agents, lactones, and organophos-
phate oxons (e.g., chlorpyrifos oxon, diazoxon and 

paraoxon); however, its physiological substrates have 
not yet been fully identified1, 3).

HDL-bound PON1 inhibits low density lipo-
protein (LDL) oxidation4-6) and stimulates cholesterol 
efflux from macrophages7). PON1 knockout mice are 
highly susceptible to atherosclerosis8, 9). Jakubowski10) 
suggested that PON1 possesses thiolactonase activity, 
hydrolyzing homocysteine thiolactone (HTL) to ho-
mocysteine (Hcy). Excess Hcy generates HTL, a 
chemically reactive metabolite that acylates free amino 
groups of lysine residues, causing protein alterations 
and cellular damage. It has been shown that HTL can 
homocysteinylate LDL, leading to its aggregation and 
enhanced uptake by endothelial cells in vitro10). Thus, 

Address for correspondence: Ahmet Bayrak, PhD, Department 
of Biochemistry, Faculty of Medicine, Hacettepe University, 
Ankara, 06100 Turkey
E-mail: ahmetb@hacettepe.edu.tr
Received: August 9, 2011
Accepted for publication: October 25, 2011



376 Journal of Atherosclerosis and Thrombosis　Vol.19, No.4

Original Article

377Serum PON1 Activity and Atherosclerosis

hydrolyzing homocysteine thiolactone may be an im-
portant, if not the principal mechanism of the protec-
tive activity of PON1 against atherosclerosis11, 12).

Human PON1 has several genetic polymor-
phisms, two of which result in amino acid substitu-
tions at positions 55 and 192 in PON1 proteins13, 14). 
Some substrates, such as paraoxon and fenitroxon, are 
hydrolyzed faster by the PON1 192R allozyme, 
whereas other substrates such as phenyl acetate are hy-
drolyzed at the same rate by both allozymes, and yet 
others, such as soman and sarin, are hydrolyzed more 
rapidly by the PON1 192Q allozyme13, 14). R allozyme 
is less efficient at preventing the oxidation of LDL 
than the Q allozyme because of the decreased hydroly-
sis of lipid peroxides13, 14).

Hypothesized differences in the ability of the 
polymorphic forms to protect the oxidation of LDL 
have led to numerous studies attempting to determine 
the relationship between PON1 polymorphism and 
cardiovascular disease4, 13, 15-26). These studies have 
yielded apparently conflicting results. Unfortunately, 
the majority of these studies were exclusively genetic, 
with no evaluation of enzyme activity. Investigating 
only the association between PON1 polymorphism 
and vascular disease may not adequately assess the 
protective effect of the enzyme, which has led to the 
proposal that the PON1 status (reflecting activity and 
genotype) rather than genotype alone may be more 
important in determining atherosclerosis risk. 

Previously, a limited number of studies dealt with both 
the activity and polymorphism of PON113, 17, 19, 20, 23-25) 
and in all these studies paraoxonase activity (PONase) 
was measured using paraoxon. We considered that us-
ing HTL, an endogenous substrate, would be more 
appropriate to evaluate the protective role of PON1 
against atherosclerosis than the assay that uses paraox-
on, an exogenous substrate.

Aim

Thus, the aim of this study was to investigate the 
relationship between the PON1 status (serum 
PON1ase, HTase activities and PON1 Q192R poly-
morphism) and the extent and severity of atheroscle-
rosis.

Methods

Subjects and the Evaluation of Coronary Arteries
Two hundred seventy subjects, who underwent 

diagnostic coronary angiography at the Department of 
Cardiology with the aim of finding the etiology of 
chest pain were included in the study. All subjects 

were in a stable condition and non-smokers. None of 
the subjects had sustained myocardial infarction with-
in 6 months before taking part in the study. Patients 
with acute coronary syndromes, hepatic disorders, en-
docrinological or renal disorders, diabetes mellitus or 
impaired glucose tolerance, inflammatory or malig-
nant diseases were excluded. The study was approved 
by the Hacettepe University Faculty of Medicine Eth-
ics Committee (04.11.2004, FON 04/26-14) and all 
subjects gave informed consent. In the patient group 
with coronary artery disease (CAD), 73 were receiving 
a β-adrenoceptor-blocking drug, 32 were taking a cal-
cium channel blocker, and 74 were on lipid-lowering 
therapy (statins but no fibrates). In the control group, 
25 were receiving a β-adrenoceptor-blocking drug, 22 
were taking a calcium channel blocker, and 25 were 
on lipid-lowering therapy (statins but no fibrates). 
Clinical and demographic features of the subjects were 
enrolled. Coronary angiography was performed using 
the Judkins method. The extent and severity of arteri-
al lesions were evaluated by the Gensini scoring sys-
tem27), which is widely used for this purpose28). Brief-
ly, according to this scoring system, the coronary arte-
rial tree was divided into segments. The functional 
importance and luminal narrowing percentage of ar-
teries in given segments were evaluated and scores 
were calculated. Higher Gensini scores represented 
more severe disease. One hundred forty-two of the 
subjects had no evidence of coronary arterial lesions 
(Gensini score=0, control group), while 128 had le-
sions of different degrees of severity (coronary artery 
disease group). Lipid profile was evaluated by the Lab-
oratory of Clinical Pathology in Hacettepe University 
Hospital. Cholesterol and HDL-cholesterol (HDL) 
levels were measured spectrophotometrically by Roche 
Modular Systems. Cholesterol levels were determined 
by an enzymatic method using cholesterol esterase and 
cholesterol oxidase. HDL was also determined by an 
enzymatic method using cholesterol esterase and cho-
lesterol oxidase coupled with PEG to the amino 
groups.

Sample Preparation
Blood samples were obtained during coronary 

angiography and collected either without any addi-
tives or into EDTA-containing tubes. Samples for ac-
tivity assay were centrifuged at 3500 xg for 10 min-
utes. The serum was removed and stored at －20℃. 
Blood for DNA isolation was collected into EDTA-
containing tubes and DNA was extracted from pe-
ripheral blood leukocytes using a commercial kit (Pro-
mega, ABD). Isolated DNA samples were stored fro-
zen at －80℃.
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PONase Activity
PONase activity was measured according to Gan 

et al.29) using paraoxon (O,O-diethyl-O-p-nitrophenylphos-
phate; Sigma) as a substrate at a final concentration of 
1 mM. Formation of p-nitrophenol at 37℃ was mon-
itored at 412 nm in the presence of 100 mM Tris-HCl 
(pH 8.0) containing 1 mM CaCl2 and 1 mM NaCl. 
Enzymatic activity was calculated from the molar ex-
tinction coefficient of p-nitrophenol (C- 412=18290 M－1 

cm－1) and corrected for non-enzymatic hydrolysis. 
One unit of paraoxonase activity is defined as 1 nmol 
of substrate hydrolyzed per min, under the defined as-
say conditions.

HTase Activity
HTase activity was measured spectrophotometri-

cally using a modification of the method described by 
Billecke30). HTL (Sigma) was used as a substrate at a 
final concentration of 2 mM in 50 mM Hepes buffer 
(pH 7.4). Thiolactone hydrolysis was measured at 
37℃ using Ellman’s procedure31) to monitor the accu-
mulation of free sulfhydryl groups reacting with 
DTNB at 412 nm. Enzymatic activity was calculated 
from the molar extinction coefficient of DTNB (C- 412 

=13600 M－1cm－1) and corrected for non-enzymatic 
hydrolysis. One unit of HTase activity is defined as 1 
μmol of substrate hydrolyzed per min under the de-
fined assay conditions.

Determination of PON1 Genotypes
Standard PCR protocols, followed by restriction 

enzyme digestion, were used to genotype the Q192R 
PON1 polymorphism, as previously described32). 
Briefly, the primer pairs used for Q192R were F 5’
TAT TGT TGC TGT GGG ACC TAG-3’ and R 5’
Bt- CAC GCT AAA CCC AAA TAC. Each PCR re-
action contained 200 μM dNTP, 0.2 μM primer, 10 
mM Tris-HCl, 500 mM KCl, %5 dimethyl sulfoxide, 
1.5 mM MgCl2, and 1.25 U Taq polymerase (Pro-
mega). The PCR conditions were 94℃ for 4 min, 30 
cycles of 94℃ for 60 min, 50℃ for 90 min, 72℃ for 
2 min, followed by 72℃ extension for 7 min. PCR 
products were digested with Alw1 and digested prod-
ucts were resolved by gel electrophoresis.

Statistics
All analyses were performed using SPSS software, 

version 11.0. P values less than 0.05 were judged as 
significant. Continous variables with normal distribu-
tion are expressed as the mean±SD, variables with 
skew distribution are expressed as the median (mini-
mum-maximum), and categorical variables are ex-
pressed as a percentage. The Mann Whitney U test 

and independent samples t test were applied for com-
parisons between study groups. The correlation be-
tween two numeric variables was calculated by either 
Pearson’s correlation coefficient test or Spearman’s rho 
correlation. The Hardy-Weinberg equilibrium, allele 
frequency and genotype distributions were tested by 
the chi-square test. The relationship between the 
PON1 genotype and the Gensini score was evaluated 
using Kruskal-Wallis analysis. The associations be-
tween genotypes and PONase/HTase activities were 
tested using the Jonckheere-Terpstra trend test.

Results

Different degrees of coronary artery lesions were 
established angiographically in 128 out of 270 partici-
pants. The severity and extent of coronary artery dis-
ease in these 128 patients were evaluated according to 
the Gensini scoring system while 142 participants 
with normal coronary arteries had score 0 and were 
defined as the control group. The biochemical and de-
mographic features of the subjects are shown in Table 
1. Plasma levels of HDL, the protective lipoprotein 
against cardiovascular disease, were significantly high-
er in the control group than in patients who had CAD 
(p＜0.05); however, no significant correlation was de-
termined between HDL levels and Gensini scores (Ta-
ble 2). The ratio of total cholesterol to HDL is con-
sidered to be a better marker than HDL alone for the 
prediction of CAD risk. The ratio of total cholesterol 
levels to HDL was significantly higher in the patient 
group than in controls ( p＜0.05); however, as shown 
in Table 2, a significant correlation was not deter-
mined between Gensini scores and total cholesterol/
HDL ratios (r=0.060, p=0.162). Moreover, there was 
no significant difference between the total cholesterol 
levels of patients and controls (Table 1).

Serum PONase/HTase Activities and PON1 Gene 
Polymorphisms

Serum PONase activity of CAD patients was sig-
nificantly lower than in control subjects (135.7±56.0 
U/mL vs 153.8±62.0 U/mL, p＜0.05). Serum HTase 
activity was also significantly lower in CAD patients 
than in controls (36.0±6.1 U/mL vs 43.0±4.04 
U/mL, p＜0,01). Moreover, as shown in Table 2, 
Gensini scores were negatively correlated with PONase 
activity (r=－0.168, p=0.039) and HTase activity (r=
－0.164, p=0.006). As expected, PONase and HTase 
activities positively correlated with HDL levels 
(r=0.217, p＜0.01).

The distribution of PON1 polymorphism geno-
types in patients and controls is shown in Table 3. 
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The genotype frequencies of PON1 polymorphism 
were determined in 208 subjects.

One hundred ninety-two PON1 genotype fre-
quencies were as follows: QQ homozygote (wild type) 
103, QR heterozygotes 93, and RR homozygotes 12. 
Genotype frequencies for the PON1 Q192R poly-
morphism were 48 QQ, 47 QR, 7 RR in the CAD 
group and 55 QQ, and 46 QR 5 RR in the control 
group. There were no significant differences in gene 
frequencies of PON1 between the CAD group and 
controls ( p=0.515). Allele distribution frequencies 
were compatible with Hardy-Weinberg distribution in 
both controls ( p=0.231) and patients (p=0.310).

Fig.1 shows enzyme activities according to 
PON1 Q192R polymorphism. PONase activity was 

lowest in the QQ genotype, and there was an increas-
ing trend with increasing R allele number (from QQ 
to RR) ( p=0.001). HTase activities were also found to 
be affected by the PON1 genotype. HTase activity 
was lowest in QQ genotype, and an increasing trend 
was found with every R allele (p=0.001). As shown in 
Table 4, both CAD and controls with RR genotype 
had the highest serum PONase and HTase activities. 
Patients with the remaining genotypes, namely QQ, 
QR had significantly lower PONase activity than con-
trols in the respective genotype classes (p＜0.05 and p
＜0.01, respectively).

Table 2.  The relationship between lipid profile and PON1 
activity with the severity and extent of CAD (Gensi-
ni Score)

r p

Total cholesterol
Triglyceride
LDL
HDL
PONase Activity
HTase Activity
Total Cholesterol/HDL

0.143
0.082
0.124

－0.020
－0.168
－0.164

0.060

0.086
0.329
0.136
0.809
0.039
0.006
0.162

Table 3.  Genotype distribution and allele frequencies of 
PON1 Q192R polymorphism

Covariates Control (n: 106) CAD (n: 102)

Genotype
QQ
QR
RR
χ2

p
Allele Frequency

Q
R

0.52
0.43
0.05
1.434
0.231

0.74
0.26

0.47
0.46
0.07
1.003
0.310

0.70
0.30

Table 1. Clinical and biochemical features of the CAD patient group compared to healthy controls

Control (n: 142) CAD (n: 128)

Sex (male/female)
Age (years)
BMI (kg/m2)
Hypertension (%)
Blood pressure systolic (mmHg)
Blood pressure diastolic (mmHg)
Lipid-lowering therapy (%)
Glucose (mg/dL)
Total Cholesterol (mg/dL)
HDL (mg/dL)
LDL (mg/dL)
Triglyceride (mg/dL)
VLDL (mg/dL)
Total Cholesterol/HDL
PONase (U/mL)
HTase (U/mL)

60/82
56.3±10.7
28.8±2.6

45.6
126.2±13.8

75.5±9.0
17.0

93.0 [63-165]c

197.2±40.0
50.0 [27-98]a

115.0 [48-238]
126.5 [36-332]a

25.0 [8-174]
3.78 [1.67-7.26]b

153.8±62.0a

43.0±4.04b

88/40
61.7±10.9
26.0±3.4

61.6
131.0±16.2

79.5±8.3
50.7

100.5 [68-272]c

196.6±46.4
47.5 [26-110]a

115.5 [24-243]
150.0 [9-659]a

29.4 [2-105]
4.01 [1.66-7.92]b

135.7±56.0a

36.0±6.1b

CAD: Coronary artery disease. a: p＜0.05; b: p＜0.01; c: p＜0.001.
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The Relationship of Lipid Profile, PONase/HTase 
Activities and PON1 Polymorphism with the 
Severity and Extent of CAD

Angiography was used to evaluate coronary ar-
tery stenosis and the Gensini score was used to deter-
mine the severity and extent of CAD. In the control 
group, the Gensini score was zero while in the CAD 
group it was ≥ 1. The relationship between the severi-
ty and extent of CAD, and the lipid profile or 
PONase/HTase activities in the patient group are 
shown in Table 2. Although a positive correlation be-
tween the Gensini score and the risk factors for ath-
erosclerosis (serum cholesterol, triglyceride, LDL lev-
els and total cholesterol/HDL ratio) was observed, this 
correlation was not found to be statistically signifi-
cant; however, a negative correlation was found be-
tween the Gensini score and protective factors such as 
HDL levels, PONase and HTase activities (Table 2), 
HTase correlation being more significant than others. 
The distribution of the Gensini scores according to 
genotypes was not significant ( p=0.676) (Fig.2). 

There were also no differences in lipid profiles be-
tween PON1 192Q and 192R genotypes (data not 
shown).

We also evaluated the relationship between sever-
al CAD risk factors and the Gensini score by multi-
variate logistic regression analysis. Age, sex, HDL level 
and PONase activity were found to be significantly re-
lated with the extent and severity of atherosclerosis 
(Table 5). ROC analysis was also performed and sig-
nificant predictive values were found for PONase and 
HTase activities (0.622, p＜0.05; 0.608, p＜0.05, re-
spectively).

Discussion

The significance of the determination of both 
PON1 genotype and serum PON1 activity in correla-
tion with disease susceptibility has been strongly high-
lighted by several authors. To date, multiple studies 
have examined the association between PON1 poly-
morphism and CAD4, 13, 15-26); however, the vast ma-

Table 4. PONase and HTase activities according to PON1 Q192R genotypes

PONase Activity (U/ml) HTase Activity (U/ml)

Total Control CAD Total Control CAD

192QQ
192QR
192RR

128.6±60.6
154.6±56.6
178.3±65.9

142.1±64a

170.7±60.0b

176.0±63.3

113.0±52.7a

141.6±50.4b

181.5±75.3

34.1±5.9
37.8±5.5
45.9±6.6

34.9±5.0
40.0±5.1a

51.3±4.0a

33.6±6.4
36.7±5.5a

43.1±4.1a

CAD: Coronary artery disease. a: p＜0.05; b: p＜0.01

Fig.1. PONase (A) and HTase (B) activities according to PON1 Q192R polymorphism

A B



380 Bayrak et al. 381Serum PON1 Activity and Atherosclerosis

jority of studies neither concurrently assessed PON1 
activity nor its relevance with the extent of angio-
graphically documented atherosclerosis. In this study, 
we aimed at evaluating the relationship of PON1 
(Q192R polymorphism and activity) with both CAD 
risk and the extent and severity of the disease. 

It is now well established that PON1 possesses 
HTase activity that degrades an endogenous substrate, 
HTL, involved in the oxidative modification of pro-
teins; thus, we evaluated HTase activity in addition to 
PONase in serum samples. In the literature, two stud-
ies have evaluated the relationship among the PON1 
genotype, HTase activity and CAD risk33, 34). These 
studies were performed with a limited number of sub-
jects and the control group consisted of asymptomatic 
individuals. Our study is unique in the way that 
PONase, HTase activities and PON1 polymorphism 
are evaluated together and the control group consisted 
of individuals who do not have angiographically docu-
mented disease. 

Previous clinical studies that have investigated 
the relationship between PON1 Q192R polymor-
phism and CAD have produced inconsistent results, 
probably because of variations due to the different 
ethnic origins of study groups14). Conflicting results 
were also obtained from studies assessing the effect of 
genotype on enzyme activity. It has been shown that 
PON1 192R hydrolyzes paraoxon more efficiently 
while PON1 192Q has higher catalytic activity to-
wards soman and sarin35). On the other hand, both 
isozymes hydrolyze phenyl acetate at the same rate. In 

an in vitro study, R allozyme was shown to be less effi-
cient at preventing the oxidation of LDL4); however, 
several recent studies have indicated that higher serum 
PON1 activity is associated with 192R isozyme. Using 
paraoxon and HTL as substrates, we have recently 
demonstrated that PON1 192R hydrolyzed both sub-
strates with higher affinity36). Moreover, in two inde-
pendent clinical studies, higher serum HTase activity 
was shown to be associated with 192R allele33, 34).

In the present study, using either paraoxon or 
HTL as a substrate, serum PON1 activity was found 
to be significantly lower in the patient group and the 
lowest activity was observed in individuals with QQ 
genotype. Regarding the R allele an increasing trend 
was present in QR and RR genotypes. Thus, the effect 
of PON1 Q192R polymorphism on serum PON1 ac-
tivity was similar to that previously reported33, 34, 36). 
There was no significant difference in PON1 Q192R 
polymorphism frequency between control and patient 
groups. The most common genotype was QR hetero-
zygote (51.5%), whereas the least common was RR 
homozygote (6%). In a study by Serrano et al., Q al-
lele frequency was significantly lower in CAD patients 
with respect to controls37); however, Antikianen et al. 
were unable to confirm such an association between 
CAD patients and PON1 Q192R polymorphism38). 
Their allele frequencies and lack of association were in 
concordance with our results.

Our study did not indicate an association be-
tween PON1 Q192R polymorphism and the extent 
of atherosclerosis (Fig.2). PONase and HTase activi-
ties were found to be more significantly related to the 
Gensini score than other parameters (Table 2). To our 
knowledge, no clinical study has evaluated the rela-
tionship between PON1 activity and the severity and 
extent of CAD, but recent studies performed on trans-
genic mice are informative. PON1 knockout mice are 
more sensitive to organophospate poisoning and the 
HDL isolated from these mice is not efficient in pre-
venting the oxidative damage of LDL. When these 
mice are fed a high fat and high cholesterol diet, they 
develop atherosclerosis earlier than their normal coun-
terparts39). In another transgenic mouse model where 

Fig.2. Distribution of Gensini scores in the CAD group ac-
cording to PON1 Q192R polymorphism

Outliers ( ° ) and extreme values (＊) are indicated.

Table 5. Logistic regression analysis of CAD risk factors

OR 95%CI p

Age
Sex
HDL
PONase Activity

1.054
3.099
0.935
0.993

1.013-1.096
1.369-6.972

0.92-0.969
0.986-1.000

0.009
0.007
0.000
0.042
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PON1 expression increased 2-4 times, atherosclerotic 
lesions were decreased substantially and HDL parti-
cules isolated from these mice effectively protected 
LDL from oxidation9). Those findings support our 
novel data showing the negative correlation between 
the severity and extent of CAD and serum PON1 ac-
tivity.

As shown in Table 2, the negative correlation be-
tween the Gensini score and HTase activity was higher 
and more significant than that with PONase activity 
(r=－0.164, p=0.006; r=－0.168, p=0.039, respec-
tively). Thus, decreased HTase activity in CAD pa-
tients can account for the increased homocysteinyl-
ation of proteins, which in turn leads to atherosclero-
sis. In support of this concept, it has been shown that 
homocysteinylation of human HDL decreases its para-
oxonase activity40). Furthermore, chronic thiolactone 
infusion or elevated serum homocysteine levels have 
been shown to promote atherosclerotic plaque forma-
tion in baboons while a similar procedure did not gen-
erate atherosclerosis in rabbits that have higher serum 
HTase levels than primates10). HTL is likely a natural 
substrate of PON110-12) and the evaluation of PON1 
activity using HTL as a substrate may be more reliable 
in terms of clinical significance.

Some studies showed that serum PON1 activity 
is reduced in diabetes, familial hypercholesterolemia, 
and kidney diseases that are associated with accelerat-
ed atherogenesis41-43). We also found a positive correla-
tion between PONase/HTase activities and HDL lev-
els, which is consistent with the literature44). As shown 
in epidemiological studies, elevated cholesterol, LDL 
and triglyceride levels and low HDL levels constitute 
risk factors for atherosclerotic heart disease; however, 
in atherosclerotic lesions, oxidatively modified HDL is 
also found45). It has been suggested that the number 
of HDL particles is not the only factor that deter-
mines the antioxidant activity of HDL6, 45-48). HDL 
can become proatherogenic because of oxidative 
changes, or dysfunction and/or the lack of protective 
molecules in its composition that impair its protective 
function. Low or absent PON1 may lead to CAD 
with a reduction in the capacity of HDL to prevent 
LDL oxidation39, 47, 48); therefore, it is important to 
evaluate the quality of HDL as well as its quantity. In 
our study, patients with CAD had a lower HDL level 
in addition to a higher cholesterol/HDL ratio than 
control subjects; however, for both PONase and 
HTase activities, the difference between control and 
CAD groups was statistically more significant than it 
was for the lipid profile. Moreover, there was no corre-
lation between HDL levels or the cholesterol/HDL ra-
tio and Gensini scores. It is tempting to speculate that 

a high HDL level might be protective against coro-
nary artery disease but it may not predict the extent 
and severity of CAD. 

In our study, more than half of the CAD group 
patients were taking statins. It is likely that, owing to 
statin use, the average serum total cholesterol and 
LDL cholesterol levels of this group were lower than 
expected, and no difference between the lipid profiles 
of patients and controls was observed (Table 1). Thus, 
parallel to this lack of difference between lipid pro-
files, no correlation between the lipid profile and Gen-
sini score was observed. Several reports have investi-
gated the effect of lipid-lowering therapy or drugs on 
PON1 activity and expression49). Although in the ma-
jority of clinical studies it has been shown that serum 
PON1 activity was modestly increased in patients tak-
ing lipid-lowering therapy, no consensus has been 
reached, probably due to population heterogeneity 
and assay method differences. In our study, 50.7% of 
our patient group were taking statins, but their mean 
PON1 activity was lower than in the control group in 
which the statin usage was 17%. Hence, we suggest 
that the increased PON1 activity of the control group 
is not related to statin use. 

In summary, our study showed that i) there was 
an inverse relationship between serum PONase/HTase 
activity and the severity and extent of CAD (HTase 
being more significant), ii) PONase/HTase activity in-
creased with the presence of R allele (lowest in QQ 
and highest in RR genotype), but Q192R polymor-
phism was not associated with CAD risk and the ex-
tent of the disease, iii) HDL was lower and the 
cholesterol/HDL ratio was higher in the patient 
group, but neither the HDL nor cholesterol/HDL ra-
tio was correlated with the severity and extent of 
CAD. It has been concluded that the determination of 
serum PONase/HTase activity is more informative 
than the PON1 genotype or serum HDL level in eval-
uating the severity and extent of atherosclerotic dis-
ease. We also suggest that HTase activity might be a 
better predictor and prognostic marker in cardiovascu-
lar risk assessment for future clinical studies.
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