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Abstract
Aim: Coronary slow flow (CSF) is an angiographic entity characterized by slow progression of opaque material and an early 
indicator of atherosclerosis. Paraoxonase 1 (PON1) protects high-density lipoprotein (HDL) and low-density lipoprotein 
(LDL) from oxidative modifications. PON 1 has two amino acid polymorphisms (192Q/R and 55L/M) and that affect its 
functioning. We aim to determine PON1 two genetic polymorphisms and relationship with CSF. As we know, our study is 
the first to assessment the relationship PON1 gene polymorphisms (L55M and Q192R) and CSF.

Material and Methods: We included a total of 100 patients and 2 groups as normal coronary flow (NCF) and CSF. Genomic 
sequences of rs854560 and rs662 polymorphisms were determined using polymerase chain reaction. The research 
protocol was approved by Fırat University Institutional Review Board (Approval No:16).

Results: The mean age of CSF group was 45.4±17 and NCF group was 50.5±11 years. There was the statistically difference 
in terms of the frequency of carrying Q and R alleles. For dual genotypes, the QQLM genotype was more common in CSF 
group, whereas the QRLM genotype was more common in NCF. Significant differences were found between patients with 
QQLM, RRLL, RRLM and QRLM genotypes and healthy individuals.

Conslusion: We found a significant relationship between the Q allele and the QQLM genotype and CSF, and we thought that 
these may be risk factors for CSF. In addition, the fact that the R allele and QRLM, RRLL, and RRLM genotypes were higher in 
the NCF group and there was a statistically significant relationship suggested that these might be protective factors for CSF. 
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Introduction
Genetic factors contribute to the risk of coronary artery dis-
ease (CAD) almost as much as environmental factors. Exam-
ining populations (patient–control) by genotyping common 
single-nucleotide polymorphisms within a suspected gene 
and its regulatory sequences is essential and provides new in-
sights into the genetic pathways of the disease [1].

Coronary slow flow (CSF) is an important, angiographic entity 
characterized by the slow progression of opaque material and 
delayed coronary opacification without coronary artery isch-
emic provocative maneuvers in normal or near-normal coro-
nary angiography. CSF was first described by Tambe et al. in 
1972 and has been reported in 1–4% of patients who have 
undergone coronary angiography [2,3].

CSF is associated with arrhythmias, recurrent angina, and un-
necessary interventions or hospitalizations. It is also thought to 
be an early indicator of atherosclerosis [4,5]. Pathophysiologi-
cal factors, such as microvascular dysfunction, endothelial/va-
somotor dysfunction, small vessel diseases, and inflammatory/
neurohormonal imbalance were related to CSF. Despite all this, 
the underlying causes have not been precisely identified [3,6,7].

The paraoxonase gene family has three members--PON1, 2, and 
3-- and is localized between q21.3 and q22.1 on the long arm of 

chromosome 7 [8]. Serum paraoxonase 1 (PON1) is one of the 
genes that plays an important role in vascular pathology and 
is thus considered a biomarker of CAD. Serum PON1 protects 
high-density lipoprotein (HDL) and low-density lipoprotein 
(LDL) from oxidative modification. The antioxidant activity of 
HDL is largely due to PON, which has the ability to metabolize 
lipid peroxides. Previous studies and meta-analyses have shown 
an association between PON1 polymorphisms and CAD [9,10].

PON1 has two amino acid polymorphisms. One is the substitu-
tion of methionine and leucine (M/L) amino acids in the 55th 
position, and the other is the substitution of arginine and glu-
tamine (Q/R) amino acids at position 192 [8].

Based on the above studies and meta-analyses, we hypoth-
esized that PON1 gene mutations might influence coronary 
blood flow and compared two polymorphisms of the PON1 
gene in patients with CSF and normal coronary flow (NCF).

Material and Methods
This study was performed at the Cardiology Clinic of Fırat Uni-
versity Hospital. We included 100 patients aged 18 years or 
older who presented with complaints of chest pain and had 
undergone coronary angiography (CAG). Fifty patients with 
NCF served as the control group, and 50 patients with CSF 
served as the patient group.
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Öz
Amaç: Koroner yavaş akım (KYA), opak maddenin yavaş ilerlemesi ile karakterize anjiyografik bir antitedir ve aynı zamanda 
ve aterosklerozun erken bir göstergesi olduğu düşünülmektedir. İnsan paraoksonazı 1 (PON1), yüksek yoğunluklu 
lipoproteini (HDL) ve düşük yoğunluklu lipoproteini (LDL) oksidatif modifikasyonlardan korur. Paraoksonaz 1'in işleyişini 
etkileyen iki amino asit polimorfizmi (192Q/R ve 55L/M) vardır. PON1 iki genetik polimorfizmi ve koroner yavaş akım ile 
ilişkisini belirlemeyi amaçlıyoruz. Bildiğimiz kadarıyla çalışmamız PON1 gen polimorfizmleri (L55M ve Q192R) ile KYA 
ilişkisini değerlendiren ilk çalışmadır.

Gereç ve Yöntemler: Çalışmaya toplam 100 hasta dahil edildi ve normal koroner akım (NKA) ve KYA olmak üzere 2 gruba 
ayrıldı. rs854560 ve rs662 polimorfizmlerinin genomik dizileri polimeraz zincir reaksiyonu kullanılarak belirlendi. Araştırma 
protokolü Fırat Üniversitesi Kurumsal İnceleme Kurulu tarafından onaylanmıştır (Onay No:16).

Bulgular: Koroner yavaş akım grubunun yaş ortalaması 45,4±17 ve NKA grubunun 50,5±11 idi. Q ve R alellerini taşıma 
sıklığı açısından istatistiksel olarak fark vardı. Dual genotipler için, QQLM genotipi KYA grubunda daha yaygınken, QRLM 
genotipi NKA'de daha yaygındı. QQLM, RRLL, RRLM ve QRLM genotiplerine sahip hastalar ile sağlıklı bireyler arasında 
anlamlı fark bulundu.

Sonuçlar: Q aleli ile QQLM genotipi ve KYA arasında anlamlı bir ilişki bulduk ve bunların KYA için risk faktörleri olabileceğini 
düşündük. Ayrıca R aleli ile QRLM, RRLL ve RRLM genotiplerinin NKA grubunda daha yüksek olması ve istatistiksel olarak 
anlamlı bir ilişki bulunması bunların KYA için koruyucu faktörler olabileceğini düşündürdü.

Anahtar Kelimeler: koroner yavaş akım, paraoksonaz, gen polimorfizmi, antioksidan



Our exclusion criteria were acute coronary syndrome, unstable 
angina pectoris, heart failure (ejection fraction < 50%), signifi-
cant valvular heart disease, and prior coronary artery bypass 
graft surgery. CSF was diagnosed by the joint decision of two 
experienced invasive cardiologists. We defined obstructive 
CAD as the presence of at least one major epicardial coronary 
artery with 40% or more stenosis.

Written informed consent was obtained from the patients for 
this study and is documented at our department records.

The research protocol was approved by Fırat University Insti-
tutional Review Board (Approval No:16). This study was con-
ducted in agreement with the Declaration of Helsinki-Ethical 
principle for medical research involving human subjects.

Evaluation of Coronary Blood Flow

Coronary angiographies were performed using the standard 
Judkins technique with a 6F catheter. The Thrombolysis in Myo-
cardial Infarction (TIMI) frame count (TFC) method was used for 
the quantitative measurement of coronary blood flow.

The first frame is when the contrast material fully opacifies the 
origin of the artery and starts to progress. The last frame is de-
fined separately for each coronary artery: the distal mustache 
(whale’s tail) for left anterior descending (LAD), the distal bi-
furcation of the longest branch for circumflex artery (Cx), and 
the emergence of the first posterolateral branch for the right 
coronary artery (RCA).

The normal frame counts for LAD artery are 1.7 times greater 
than CX and RCA.

We obtained the corrected TIMI frame count by dividing the 
LAD frame value 1.7.

36.2±2.6 for LAD; 22.2±4.1 for Cx; Patients with at least one 
coronary artery with a frame count above 20.4±3.0 for RCA 
were defined as CSA. For clinical practicality, the number of 
frames over 40 for LAD, over 25 for Cx, and over 24 for RCA 
were taken as coronary slow flow.

Genetic Analyses

Blood samples (5 mL) were collected in the ethylenediamine 
tetraacetic acid (EDTA) tubes for each patient. Genomic deoxy-
ribonucleic acid (DNA) concentration and purity were deter-
mined by ultraviolet (UV) spectrophotometer. The absorbance 
ratio of a pure DNA sample at 260 nm and 280 nm was 1.8. 
The patient and control group DNA samples were measured, 
and their concentrations and purity were determined. DNA 
samples with values not close to 1.8 were re-isolated.

PON1 genes with rs854560 and rs662 polymorphisms were 
studied using the Fast Real-Time System (Applied Biosystems, 
Foster City, CA, USA) using TaqMan probes.

M55L: The genomic sequence of the rs854560 polymorphism 
is like GCCAGTCCATTAGGCAGTATCTCCA(A/T)GTCTTCAGAGC-
CAGTTTCTGCCCAGA. In this polymorphisym, the A-to-T trans-
version (ATG codon --> TTG codon), results the substitution of 
methionine (the 55th amino acid) by leucine.

Q192R: The genomic sequence of the Rs662 polymorphism is 
like TAAACCCAAATACATCTCCCAGGAT(C/T)GTAAGTAGGGGT-
CAAGAAAATAGTG. In these polymorphisms, the C-to-T trans-
version (CAA codon � CGA codon) results in the substitution of 
glutamine (the 192nd amino acid) by arginine.

The genomic sequences of rs854560 and rs662 polymorphisms 
were determined using polymerase chain reaction (PCR).

After PCR, the homozygous mutant, heterozygous normal, 
and homozygous normal genotypes were determined accord-
ing to allele 1 and allele 2 differentiation.

Statistical Analysis
Statistical evaluation was performed using the SPSS program. 
The relationships between the parameters were evaluated 
using Pearson’s correlation analysis. The distribution of the 
patient and control groups, genotype, and allele frequencies 
were achieved using chi-square analysis. The Mann–Whitney 
U test, which is a non-parametric test, was used to evaluate 
the differences between the groups. P values of < 0.05 were 
considered statistically significant in the evaluations.

Results
The demographic and clinical characteristics of the study co-
hort are shown in Table 1. The mean age of the NCF group was 
45.4 ± 17 years, and the mean age of the CSF group was 50.5 
± 11 years. CSF occurred more frequently in males (50% vs. 
58%), but this result was not statistically significant.

Table 1. Study population baseline characteristics

Variables CSF group 
(n=50)

NCF group 
(n=50) p

Age (years) 50.5±11 45.4±17 0.91
Gender, male (n, %) 21 (58) 25 (50) 0.55
Diabetes mellitus (n, %) 11 (22) 4 (8) 0.51
Hypertension (n, %) 31 (62) 14 (28) 0.001**
LDL-C (mg/dL) (mean, SD) 110±36 100±22 0.09
CSF: Coronary slow (ow, NCF: normal coronary (ow, LDL-C, low-
density lipoprotein cholesterol, **=  p<0.05 (statically signi4cant)

The number of diabetic and hypertension patients in the CSF 
group was higher than in the control group. This difference 
was not statistically significant in the diabetic patients.
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In our study, 44% of all participants were hypertensive. Hyper-
tension was detected in 62% of the CSF group, and a statisti-
cally significant difference was observed compared to the NCF 
group (p = 0.001). In this respect, hypertension can be consid-
ered a risk factor for or predictor of CSF. However, there was 
no statistically significant difference between the PON1 L55M-
Q192R genotypes and hypertension in either group. Also, we 
did not aim to investigate the relationship between diabetes, 
hypertension, and CSF in our study.

In the CSF group, the mean TFC values were calculated as 46.3 
± 11.3 for LAD, 35.2 ± 15.03 for Cx, and 24.6 ± 9.55 for RCA.

PON1-55 rs854560 L/M Polymorphism Distributions in 
CSF and NCF Groups

There was no significant difference between the CSF and NCF 
groups in terms of PON1 genotype distribution and frequency 
or PON1 allele distribution and frequency (p = 0.7 and p = 0.8, 
respectively; Table 2). The genotype distribution for L55M in 
the NCF group was 52% for LM, 36% for LL, and 12% for MM. 
We found that the least common genotype was MM, and the 
most common genotype was LM. Our results are in line with 
an earlier Turkish study conducted on the L55M genotype [11].

PON1-192 rs662 Q/R Polymorphism Distributions in CSF 
and NCF Groups

There was no significant difference between the CSF and NCF 
groups in terms of PON1 genotype distribution and frequency 
(p = 0.53). A statistically significant difference was found be-
tween the two groups in terms of PON1 allele distribution and 
frequency (p = 0.012; Table 3).

In the CSF group, the QQ, QR, and RR genotype frequencies 
were 62%, 34%, and 4%, respectively; in the NCF group, the 
same frequencies were 42%, 40%, and 18%, respectively. The 
genotype distribution for Q192R was 42% (QQ), 40% (QR), and 
18% (RR). Our results are in line with an earlier Turkish study 
conducted on the Q192R genotype [12]. The QQ genotype 
was common in both the CSF and NCF groups, and the differ-
ence was not statistically significant.

Dual Genotype Frequencies

A statistically significant difference was found between the 
CSF and the NCF groups in the evaluation of dual genotypes.

For the PON1 gene L55M and Q192R loci, the QQLM genotype 
was more common in the CSF group, whereas the QRLM gen-
otype was more common in the NCF group.

Statistically significant differences were found between the 
CSF and the NCF groups regarding the QQLM (p = 0.06), RRLL 
(p = 0.001), RRLM (p = 0.041), and QRLM (p = 0.001) genotypes.

The QQLM genotype was the most common (40%) genotype 
in the CSF group. There was a significant difference between 
the CSF and the NCF groups in terms of the QQLM genotype, 
and the QRLM genotype was the most common (30%) geno-
type in the NCF group. There was also a significant difference 
between the CSF and the NCF groups in terms of the QRLM 
genotype. Additionally, no individuals were found in the 
RRMM genotypes (Table 4).

Frequencies of at Least One Q, R, L, and M Allele

We compared the frequencies of carrying at least one Q, R, L, 
or M allele. There was no statistically significant difference be-
tween the CSF and NCF groups in terms of the frequency of 
carrying the L and M alleles (approximately p = 0.05). However, 
we found a statistically significant difference in terms of the 
frequency of carrying the Q and R alleles (p = 0.001; Table 5).

The frequency of the Q allele was higher in the CSF group and 
was found to be statistically significant. In another study, a signifi-
cant difference was found between the CAD and control groups 
in terms of Q allele carriage and frequency (78%) [13]. We thought 
that the presence of Q allele might be a risk factor for CSF and for 
early atherosclerosis. The L allele carriage frequency was high in 
the control group, but it was not statistically significant.

In terms of age, gender, hypertension, diabetes, and LDL, and 
considering the significant demographic characteristics of pa-
tients and relationship with the PON1 gene L55M and Q192R 
genotypes, no statistically significant difference was found be-
tween the CFA and NCF groups for the PON1 gene L55M and 
Q192R genotypes (p>0.05).
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Table 2. PON1 L55M genotype and allele distribution and frequencies
Genotype Distribution and Frequencies LL LM MM Odds Odds Ratio CI %95 p
CSF (n=50) 18 (%36) 27 (%54) 5 (%10) 1.4

1.04 0.22-2.95
-

NCF (n=50) 18 (%36) 26 (%52) 6 (%12) 1.3 -
Allele Distribution and Frequencies L M
CSF (n=50) 41 (0.82) 59 (1.18) -
NCF (n=50) 42 (0.84) 58 (1.16) -
-  = p>0.05, CSF: Coronary slow (ow, NCF: normal coronary  (ow
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Table 4. Distribution of PON1 Q192R and PON1 L55M geno-
type frequencies in CSF and NCF groups

Dual genotype
CSF group 

(%)
NCF group 

(%)
p

QQ
LL 14 12 0.06
LM 40 18 0.001**
MM 8 12 0.3

RR
LL 4 17 0.001**
LM - 4 0.041**
MM - - -

QR
LL 18 10 0.7
LM 14 30 0.001**
MM 2 - 0.1

**=  p<0.05 (statically signi4cant), CSF: Coronary slow (ow, 
NCF:normal coronary  (ow

Table 5. Frequency of at least one Q, R, L and M allele

CSF group (%) NCF group 
(%) p

L 90 88 0.7
M 64 64 0.1
Q 96 52 0.001**
R 38 58 0.001**
**=  p<0.05 (statically signi4cant), CSF: Coronary slow (ow  NCF: 
normal coronary  (ow

Discussion
CSF is defined as delayed opacification of the coronary vascu-
lature at the distal level. The pathophysiological mechanisms 
of CSF have not been elucidated, and it has been considered 
an early stage of CAD [14,15].

In cases with CSF, it has been observed using the intravascular 
ultrasound-IVUS- technique that the coronary arteries of these 
patients are not normal. On the contrary, it was showed dif-
fuse intimal thickening, calcification, and atheroma that does 
not lead to luminal stenosis in the coronary arteries [16].

PON1 is located on HDL in serum and metabolizes lipid per-
oxides, which play a role in protecting against the accumula-
tion of LDL and atherosclerosis. Genetic variations in the PON1 
gene may affect this ability [17,18].

Several studies have shown the role of PON genes in the esca-
lating risk of CAD (19,20). In addition, some previous studies 
have extensively examined the Q192R and L55M polymor-
phisms in PON1 in different populations [21–23].

Karakaya et al. examined the relationship between serum para-
oxonase activity, phenotype distribution, and lipoproteins in 
patients with CAD. They found no significant difference in terms 
of paraoxonase genotype distribution, but they showed that 
low paraoxonase activity could be a risk factor for CAD [24].

Aynacıoğlu et al. showed that there was no significant rela-
tionship between PON1-Q192R polymorphism and CAD in a 
Turkish population [25].

Similarly, Kaman et al. could not find a significant relationship 
between the Q192R polymorphism and CAD in their study. 
However, they found a significant relationship between L55M 
polymorphism and CAD [11].

Our study is the first to assess the relationship between PON1 
gene mutations (L55M and Q192R) and CSF. Previous studies 
have investigated the relationship between PON1 activity and 
CSF or between PON1 mutations and CAD [26,27].

In our study, the QQLM genotype was higher in the CSF group, and 
the difference between the two groups was significant, which sug-
gests that the QQLM genotype may be a risk factor for CSF.

The QRLM, RRLM, and RRLL genotypes were more common in 
the NCF group, and the difference was statistically significant 
for all three groups. This suggests that the QRLM, RRLM, and 
RRLL genotypes may be protective factors in the case of CSF.

In our study, we found a significant relationship between the 
Q allele, the QQLM genotype, and CSF. We hypothesize that 
these may be risk factors for CSF. In addition, the fact that the 
R allele and the QRLM, RRLL, and RRLM genotypes were higher 
in the NCF group than in the CSF group and that there was 
a statistically significant relationship suggested that these 
might be protective factors in the case of CSF.

Our study was a single-center study, and the study population 
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Table 3. PON1 Q192R genotype and allele distribution and frequencies
Genotype Distribution and Frequencies QQ QR RR Odds Odds Ratio CI %95 p
CSF (n=50) 31 (%62) 17 (%34) 2 (%4) 3.7

6.8 0.25-1.35 0.5
NCF (n=50) 21 (%42) 20 (%40) 9 (%18) 0.5
Allele Distribution and Frequencies Q R
CSF (n=50) 79 (1.58) 21 (0.42)

0.012**
NCF (n=50) 62 (1.24) 38 (1.9)
**=  p<0.05 (statically signi4cant), CSF: Coronary slow (ow, NCF:normal coronary  (ow
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was relatively small. Despite these limitations, our results are 
significant due to their contribution as the first study to evalu-
ate the relationship between PON1 polymorphisms and CSF. 
Nevertheless, large randomized controlled studies are needed 
to represent this population.

Conclusion
The PON1 gene plays an important protective role in CAD and 
CSF. L55M and Q192R polymorphisms, which have an important 
place in PON1 activity, should be clarified with large-scale studies.

Pharmacological interventions that regulate PON1 activity or gene 
expression may play an important role in the prevention of CAD.

The authors declared that the content of the manuscript has 
not been presented before in any meeting.  The authors have 
no conflicts of interest to declared.
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