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Abstract
Background Paraoxonase 1 (PON1) and lipid abnormalities contribute to the development of cardiovascular disease, which is the
principal cause of mortality in patients with type 2 diabetes (T2D). Data are not available on the potential association between
salt-stimulated activity of PON1 (PON1-salt) and the atherogenic indices in T2D, therefore, we focused on these associations and
evaluated whether the functional variants PON1-Q192R and PON1-L55M influence the associations.
Methods Paraoxonase activity (PON1-para), arylesterase activity (PON1-aryl) and salt-stimulated activity (PON1-salt) were
measured by spectrophotometric assays. The atherogenic index of plasma (AIP) was calculated from the log (TG/HDL-C).
The genetic analyses were made by the restricted fragment length polymorphism after PCR amplification.
Results We observed that PON1-salt was negatively correlated with total cholesterol (TC)/HDL-C (r = −0.441,p = 0.006), LDL-
C/HDL-C (r = −0.415, p = 0.011), and AIP (r = −0.422, p = 0.009). Correlations between PON1-salt and all three atherogenic
indices were significantly affected by PON1-L55M and PON1-Q192R. Linear regression showed that AIP (p = 0.002), LDL-C/
HDL-C (p = 0.005), and TC/HDL-C (p = 0.002) were independently associated with PON1-salt. Based on Ridge regression, the
standardized coefficients −0.358, −0.297, and − 0.044 were obtained for AIP, LDL-C/HDL-C, and TC/HDL-C, respectively, and
this shows that AIP could have more negative effect on PON1-salt than the others.
Conclusions The decreased PON1-salt may be considered as a risk factor for atherosclerosis in T2D, therefore, understanding the
associations between PON1-salt as an important although neglected property and atherogenic indices may be valuable in T2D.
Accordingly, detection of PON1-salt status (phenotype and genotype) together with the atherogenic indices particularly AIP
could be beneficial in identifying the increased atherogenicity in T2D.
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Background

Paraoxonase 1 (PON1) is a calcium-dependent esterase,
expressed in a variety of tissues, but it is mainly produced by
the liver and secreted into the blood where it associates predom-
inantly with high density lipoprotein (HDL) particles [1, 2]. This
multifunctional enzyme has attracted the attention of re-
searchers, because of its activity to protect low density lipopro-
teins (LDL) against oxidative stress, reduce macrophage foam
cell formation and prevent atherosclerosis [1, 3]. It has also been
documented that PON1 plays an important role in hydrolyzing
and detoxifying of organophosphate toxins and has interaction
with various drugs particularly cardiovascular drugs [3, 4].

Paraoxonases have been introduced as proteins that can be
delivered to specific tissues to fight oxidative stress. The en-
zymes particularly PON1 are associated with various human
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diseases [4]. A number of investigations have addressed the role
of PON1 in diabetes and its complications [5–7]. Furthermore,
the importance of PON1 coding region single nucleotide vari-
ants (SNVs), particularly PON1-Q192R (rs662) and PON1-
L55M (rs854560), in diabetes and its complications, have been
highlighted in several studies [5, 8, 9]. These SNVs are associ-
ated with approximately 60% variation in PON1 activity and
concentration [10].

Cardiovascular disease (CVD) is the leading cause of death
in type 2 diabetic patients and when it has developed, diabetic
patients have worse outcomes in comparison with nondiabetic
patients [11, 12]. In an eight-year follow-up study [11], it has
been shown that individuals who progressed to diabetes during
the follow-up had higher baseline values of triglycerides, total
and LDL cholesterol and blood pressure, and lower values of
HDL than those who remained nondiabetic. Lipid dyslipidemia
in patients with type 2 diabetes (T2D) are likely to contribute to
the development of atherosclerosis, so the management of dys-
lipidemia and increased atherosclerotic risk needs a fundamental
understanding of diabetic dyslipidemia for finding the efficient
preventive and therapeutic strategies [13, 14].

According to studies, the atherogenic ratio total cholesterol
(TC)/HDL-C and LDL-C/HDL-C could be better predictors of
patients at high risk for atherosclerosis and CVD than single
lipid values [15]. Also, investigations have demonstrated that
subjects with high atherogenic index of plasma (AIP) have a
higher risk for coronary heart disease (CHD) than those with
low AIP [16, 17]. The index is positively correlated with the
fractional esterification rate of HDL (FERHDL), and it is inverse-
ly correlated with LDL particle size [17]. Therefore, AIP has
been introduced as the alternative marker of plasma
atherogenicity [16, 17].

Although PON1 status and lipid abnormalities contribute
to the development of atherosclerosis, there have been no
previous studies (to the best of our knowledge) that have eval-
uated the potential association between salt-stimulated activity
of PON1 (PON1-salt) as an important although neglected
property of the enzyme [10] with the atherogenic indices
TC/HDL, LDL/HDL and AIP in T2D. Therefore, in the pres-
ent study, we focused on these associations and in addition, we
evaluated whether the PON1-Q192R and PON1-L55M as the
most common variants in the coding region related with var-
iation in PON1 activity and vascular disease [4, 18], influence
these associations in patients with T2D.

Methods

Study patients

Forty patients with T2D (age range 52.35 ± 11.86 years) were
included in the study. The participants underwent a physical
examination and completed a questionnaire of personal

information, including medical history, medication, and person-
al habits. All the patients were taking metformin (1000–
1500 mg per day) and none of the patients was taking insulin
therapy. The patients were taking lipid-lowering therapy includ-
ing atorvastatin (n = 26) or both atorvastatin and gemfibrozil
(n = 5). Some of the patients were taking antihypertensive med-
ication including losartan, a beta blocker, or an angiotensin-
converting enzyme (ACE) inhibitor. Subjects with previous his-
tory of type 1 diabetes, renal failure, chronic hepatic disease,
autoimmune diseases, andmalignant diseases were not included
in this study. The rate of current smoking was 7.5% in the
patients. The protocol study was planned in accordance with
the ethical criteria detailed in the Declaration of Helsinki and
was approved by the local ethics committee. Informed consent
was received from all participants before enrollment.

Laboratory assays

Blood samples were obtained from the patients after overnight
fasting and were isolated by low-speed centrifugation and
their aliquots were stored at −70 °C. Insulin levels were mea-
sured using ELISA kit (Demeditec Diagnostics GmbH,
Germany). The HbA1c levels were quantified by a commer-
cially available kit (NycoCard, Oslo, Norway). Standard en-
zymatic methods were used to assay values of fasting plasma
glucose (FPG) and total cholesterol (TC) triglycerides (TGs),
high-density lipoprotein-cholesterol (HDL-C), alanine amino-
transferase (ALT) using an auto-analyzer (Prestige, Japan).
AIP was calculated from the logarithmic transformation of
TG/HDL-C. The LDL-C levels were calculated according to
the Friedewald formula [19].

PON1 activity assays

Hydrolyses rates of the two substrates phenylacetate
(arylesterase act ivi ty; PON1-aryl) and paraoxon
(paraoxonase activity; PON1-para) were determined spectro-
photometrically using a double-beam spectrophotometer (UV
1800, Shimadzu, Japan) at 270 nm for PON1-aryl and 412 nm
for PON1-para. In the assay cuvette, the levels of paraoxon
and phenylacetate were 2 mM and 1 mM, respectively. ATris/
HCL buffer (100mM, pH 8.0) and 1 mMCaCl2 were used for
assaying both the enzyme activities. Blanks were applied to
correct for the nonenzymatic hydrolysis of the substrates. The
mola r ex t inc t ion coeff ic ien t s were 17 ,100 and
1310 M−1 cm−1, respectively for PON1-para and PON1-aryl.
One unit of PON1-para and PON1-aryl are defined as 1 nmol
p-nitrophenol/min and 1 μmol phenol/min formed, respec-
tively. The PON1-aryl and PON1-para assays were each done
in duplicate. Salt-stimulated paraoxonase activity (PON1-salt)
was measured with 1 MNaCl in the reaction mixture in which
paraoxonase activity was assayed.
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Genotype determination

PCR-based RFLP (restriction fragment length polymorphism)
was used to screen the study PON1 single nucleotide variants.
For the PON1-Q192R variant forward primer 5’ TATTGTTG
CTGTGGGACCTGAG 3 ′ and reverse pr imer 5 ’
CCTGAGAATCTGAGTAAATCCACT 3′ were used.
Genomic DNA was amplified in 25 μl of reaction mixture.
PCR cycling conditions were 94 °C for 3 min, followed by
35 cycles of 94 °C for 40 s, 58 °C for 40 s, 72 °C for 35 s, with
a final extension step of 5 min at 72 °C. PCR products
(238 bp) were quantified by 1.5% gel electrophoresis.
Amplification products were digested using the restriction en-
zyme AlwI (Thermoscientific, Lithuania) at 37 °C for 16 h and
resulted in 172 and 66 bp fragments, which were subjected to
electrophoresis on a 2.5% agarose gel. Allele Q did not con-
tain the AlwI site whereas R contained the restriction site giv-
ing rise to 172 and 66 bp products. RR genotypes were iden-
tified by the presence of 172 and 66 bp fragments. QR geno-
types were identified by the presence of 238, 172 and 66 bp
fragments, while the presence of an undigested fragment
(238 bp) was the basis for identification of QQ genotypes.

For the PON1-L55M variant forward primer 5’
GAAGAGTGATGTATAGCCCCAG 3′ and reverse primer 5’
TTTAATCCAGAGCTAATGAAAGCC3′were used. PCR cy-
cling was the same as above except that the annealing step was
performed at 53 °C. The PCR products (170 bp) were digested
with the restriction enzymeNlaIII and resulted in 126 and 44 bp
fragments, which were subjected to electrophoresis on a 3%
agarose gel. Allele M contains a unique NlaIII site giving rise
to 126 and 44 bp products whereas L allele did not contain the
restriction site. The restriction digest revealed 126 and 44 bp
fragments in the presence of MM genotype, 170, 126 and
44 bp fragments in the presence of LM genotype, and a non-
digested 170 bp fragment in the presence of LL genotype.

For the genotyping quality control, approximately 30% of
samples were randomly assayed in duplicates and the concor-
dance rate was 100%.

Statistical analyses

Normality of the distributions of data was analyzed with the
Lilliefors test. The differences of the parametric variables were
analyzed using t-test and the nonparametric variables were
analyzed by Mann–Whitney. The chi-square test was used to
evaluate the deviation of allelic and genotype frequencies
from the Hardy-Weinberg equilibrium expectations.
Spearman’s correlation coefficient was applied to analyze
the association between the study parameters. We used regres-
sion analysis to estimate the independent association of
PON1-salt with the atherogenic indices. We also applied the
predicted residual error sum of squares (PRESS) statistic,
which is a form of cross-validation used in regression analysis,

and is obtained by removing one observation at a time from
the total data set. The smaller the value of PRESS, the better
the prediction for a model. According to considerable corre-
lations between independent covariates (multicollinearity),
high variance inflation factors (VIF) showed that linear regres-
sion was not a suitable method to estimate the effects of co-
variates on PON1-salt as a response variable, thus Ridge re-
gression was used. To compare effects of the covariates to-
gether, standardized coefficients were reported. Two-tailed p
less than 0.05 were considered to be significant. Statistical
analyses were performed using SPSS (version 16.0) and R
(version 3.0.1) software.

Availability of data and materials The datasets used and ana-
lyzed during the current study are available from the corre-
sponding author on reasonable request.

Results

Allele frequency and genotype distribution of PON1
variants in the study patients

The genotypes frequencies were 60.0% QQ, 32.5% QR, 7.5%
RR for PON1-Q192R variant and 42.5% LL, 47.5% LM, and
10.0% MM for PON1-L55M in the study population. The
frequencies of the Q and R allele were found to be 0.76 and
0.24, respectively, and for the L and M allele were 0.66 and
0.34, respectively. There was no deviation from Hardy-
Weinberg equilibrium for the variant PON1-Q192R (p =
0.516) and PON1-L55M (p = 0.694).

Changes in the study parameters according
to the genotypes of PON1-L55M and PON1-Q192R

The study parameters were compared according to PON1-
L55M and PON1-Q192R genotypes in Tables 1 and 2. There
were no significant differences between the genotypes of
PON1-Q192R (QQ and QR +RR group) and PON1-L55M
(LL and LM+MM) with respect to age, systolic and diastolic
blood pressure, BMI, triglyceride (TG), total cholesterol (TC),
HDL-C, fasting glucose, HbA1c, and insulin levels (Tables 1
and 2). Our findings showed no significant differences between
LL genotypes and LM+MM group with respect to LDL-C and
the atherogenic indices TC/HDL-C, LDL-C/HDL-C and AIP
(Table 1). As shown in Table 2, LDL-C and LDL-C/HDL-C
levels were significantly higher in QQ homozygotes compared
with QR+RR group, however, there were no significant differ-
ences between these groups with respect to the atherogenic in-
dices TC/HDL-C and AIP levels.

The activity parameter PON-aryl (p = 0.001), PON1-para
(p = 0.009), and PON1-salt (p = 0.002) levels were signifi-
cantly higher in LL genotypes compared with LM +MM
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group (Table 1). PON1-para (p < 0.001) and PON1-salt (p <
0.001) levels were higher in patients with the QR + RR geno-
type than in those with the QQ genotype (Table 2).

There were no statistically significant differences between
QQ and QR +RR group, and also LL and LM+MM group
with respect to lipid-lowering therapy.

Table 1 Changes in the study
parameters according to the
genotypes of PON1-L55M

Parameter LL (n = 17) LM+MM (n = 23) p value

Age 53.75 ± 9.90 50.77 ± 12.67 0.679

Diastolic blood pressure (mmHg) 80.62 ± 10.63 75.45 ± 7.85 0.058

Systolic blood pressure (mmHg) 131.87 ± 18.79 126.82 ± 16.94 0.206

BMI (kg/m2) 31.74 ± 6.62 30.05 ± 4.02 0.359

Fasting glucose (mmol/L) 7.11 ± 1.18 7.85 ± 1.93 0.344

HbA1c (%) 6.84 ± 1.05 6.76 ± 1.17 0.866

Alanine aminotransferase (U/L) 18.87 ± 9.19 21.18 ± 10.17 0.574

Insulin (μU/mL) 7.28 ± 4.94 8.31 ± 6.50 0.905

TG (mmol/L) 1.03 ± 0.60 1.62 ± 0.70 0.121

TC (mmol/L) 4.02 ± 0.71 4.18 ± 0.68 0.605

HDL-C (mmol/L) 1.36 ± 0.32 1.25 ± 0.27 0.432

LDL-C (mmol/L) 2.06 ± 0.43 2.17 ± 0.53 0.801

TC/HDL-C 3.05 ± 0.64 3.44 ± 0.75 0.117

LDL-C/HDL-C 1.58 ± 0.45 1.80 ± 0.58 0.315

AIP 0.31 ± 0.23 0.45 ± 0.19 0.063

PON1-aryl (U/mL) 94.03 ± 16.23 75.30 ± 14.73 0.001

PON1-para (U/mL) 112.06 ± 53.43 69.18 ± 36.29 0.009

PON1-salt (U/mL) 234.60 ± 112.68 123.71 ± 77.74 0.002

LL (subjects with LL genotype), LM+MM (M allele-containing subjects), TC (total cholesterol), AIP (athero-
genic index of plasma; the logarithmic transformation of TG/HDL-C), PON1-para (paraoxonase activity), PON1-
aryl (arylesterase activity), PON1-salt (salt-stimulated activity)

Table 2 Changes in the study
parameters according to the
genotypes of PON1-Q192R

Parameter QQ (n = 24) QR +RR (n = 16) p value

Age 51.37 ± 11.50 54.53 ± 12.70 0.285

Diastolic blood pressure (mmHg) 80.62 ± 10.63 75.45 ± 7.85 0.516

Systolic blood pressure (mmHg) 131.87 ± 18.79 126.82 ± 16.94 0.471

BMI (kg/m2) 31.90 ± 5.93 28.70 ± 3.04 0.094

Fasting glucose (mmol/L) 7.89 ± 1.73 6.98 ± 1.41 0.091

HbA1c (%) 6.92 ± 1.29 6.56 ± 0.61 0.413

Alanine aminotransferase (U/L) 22.83 ± 9.90 16.33 ± 7.86 0.021

Insulin (μU/mL) 8.67 ± 6.40 6.23 ± 4.61 0.117

TG (mmol/L) 1.63 ± 0.72 1.26 ± 0.50 0.078

TC (mmol/L) 4.29 ± 0.74 3.90 ± 0.56 0.097

HDL-C (mmol/L) 1.26 ± 0.25 1.35 ± 0.35 0.347

LDL-C (mmol/L) 2.28 ± 0.53 1.95 ± 0.43 0.033

TC/HDL-C 3.48 ± 0.70 3.02 ± 0.73 0.073

LDL-C/HDL-C 1.87 ± 0.54 1.53 ± 0.52 0.046

AIP 0.44 ± 0.19 0.31 ± 0.23 0.106

PON1-aryl (U/mL) 84.81 ± 19.51 80.64 ± 14.24 0.84

PON1-para (U/mL) 59.41 ± 32.18 128.16 ± 39.74 <0.001

PON1-salt (U/mL) 109.06 ± 76.96 251.02 ± 90.51 <0.001

QQ (subjects with QQ genotype), QR + RR (R allele-containing subjects), TC (total cholesterol), AIP (athero-
genic index of plasma; the logarithmic transformation of TG/HDL-C), PON1-para (paraoxonase activity), PON1-
aryl (arylesterase activity), PON1-salt (salt-stimulated activity)

4 J Diabetes Metab Disord (2018) 17:1–10



Correlations between PON1-salt with the atherogenic
indices TC/HDL-C, LDL-C/HDL-C and AIP in total data
and according to PON1-L55M and PON1-Q192R
genotypes

Correlation analyses were conducted to study the association
of PON1-salt with the atherogenic indices TC/HDL-C, LDL-
C/HDL-C and AIP in total data and according to PON1-L55M
and PON1-Q192R genotypes. Our results indicated that
PON1-salt was negatively correlated with TC/HDL-C (r =
−0.441, p = 0.006), LDL-C/HDL-C (r = −0.415, p = 0.011),
and AIP (r = −0.422, p = 0.009) in total data (Fig. 1).

As shown in Fig. 2, PON1-salt was found to be negatively
correlated with the atherogenic indices TC/HDL-C, LDL-C/
HDL-C and AIP according to the genotypes of PON1-L55M;
however, only the correlation in the LL genotypes was statis-
tically significant (r = −0.529, p = 0.043 for AIP, r = −0.782,
p = 0.001 for LDL-C/HDL-C, and r = −0.732, p = 0.002 for
TC/HDL-C). In the LM+MM group, the correlations were
still negative, although not significant (r = −0.135, p = 0.569
for AIP, r = −0.117, p = 0.622 for LDL-C/HDL-C, and r =
−0.096, p = 0.686 for TC/HDL-C) [Fig. 2]. Based on the ge-
notypes of PON1-Q192R, there was a negative and significant
correlation between PON1-salt and AIP (r = −0.568, p =
0.027), LDL-C/HDL-C (r = −0.561, p = 0.030), and TC/
HDL-C (r = −0.618, p = 0.014) in the QR + RR group, how-
ever, the correlations were not statistically significant in the
QQ genotypes (r = −0.231, p = 0.315 for AIP, r = −0.161, p =
0.485 for LDL-C/HDL-C, and r = −0.271, p = 0.235 for TC/
HDL-C) [Fig. 3].

Correlations between the prevalent activities of PON1
(PON1-para and PON1-aryl) with the atherogenic
indices TC/HDL-C, LDL-C/HDL-C and AIP in total data
and according to PON1-L55M and PON1-Q192R
genotypes

Although the correlations observed between the prevalent ac-
tivities of PON1, including PON1-para and PON1-aryl with
the atherogenic indices TC/HDL-C, LDL-C/HDL-C and AIP
were negative, they were not statistically significant in total
data. For example, the correlations were: r = −0.125, p =
0.441 for PON1-aryl and LDL-C/HDL-C; r = −0.138, p =
0.395 for PON1-aryl and AIP; and r = −0.273, p = 0.070 for
PON1-para and TC/HDL-C. Moreover, these correlations
were not statistically significant in either PON1-L55M or in
the PON1-Q192R genotypes. For example, the correlations
were: r = −0.168, p = 0.535 in the LL genotypes and r =
−0.112, p = 0.619 in the LM +MM group for PON1-aryl
and LDL-C/HDL-C, and r = −0.117, p = 0.596 in the QQ ge-
notypes and r = −0.425, p = 0.114 in the QR + RR group for
PON1-para and LDL-C/HDL-C.

The association of atherogenic indices with PON1-salt
according to regression analysis

As shown in Table 3, linear multiple regression was per-
formed to estimate the independent association of atherogenic
indices with PON1-salt. AIP, LDL-C/HDL-C, and TC/HDL-
C were included in three separate models [1 to 3] as indepen-
dent variables. Our results indicated that AIP (p = 0.002),
LDL-C/HDL-C (p = 0.005), and TC/HDL-C (p = 0.002) were
independently associated with PON1-salt. Further analyses
with PRESS statistic showed that among three atherogenic
indices, AIP had the smaller value of PRESS; in other words,
it could be a better predictor of PON1-salt compared with
other indices (Table 3). It should be noted that due to marked
correlations between atherogenic indices, statistically it was
not possible to enter them in a model simultaneously. So,
Ridge regression was used instead of linear regression to es-
timate the standardized coefficients of atherogenic indices on
PON1-salt. Based on the analysis, the standardized coeffi-
cients −0.358, −0.297, and − 0.044 were obtained for AIP,
LDL-C/HDL-C, and TC/HDL-C, respectively, and this shows
that AIP could have more negative effect on PON1-salt than
the others.

Discussion

Cardiovascular disease is the principal cause of mortality in
T2D patients and several factors such as lipid abnormalities
and endothelial dysfunction increase susceptibility to the dis-
ease [12, 20]. According to studies, risk factors for CVD such
as LDL/HDL and AIP have higher predictive value than indi-
vidual levels of lipid parameters; therefore, it could be an
advantage for the atherogenic indices to be an alert to the
increased cardiovascular risk [15, 21]. Furthermore, PON1
as an antioxidant and antiatherogenic enzyme was involved
in determining the susceptibility to atherosclerosis and CVD
[4, 22]. Serum PON1 activity variations are associated with
variations in plasma lipid and lipoprotein [23]. PON1 hydro-
lyzes lipid peroxides that are bound to the LDL ands HDL,
and therefore it is a key contribution to the antioxidant ability
of HDL [21, 24]. In the previous studies, less attention has
been given to the association between PON1 status, particu-
larly PON1-salt (an important although neglected property),
and the atherogenic indices. It should be noted that the salt-
stimulated activity is widely used in the determination of phe-
notype distribution of PON1 by the dual substrate method [25,
26], and on the basis of a study by Eckerson et al. [27], the
increased activity by the salt under standard conditions could
be related to an increased number of active sites.

In this study, all three PON1 activity parameters (PON1-
para, PON1-aryl, and PON1-salt) had a negative correlation
with the atherogenic indices. However, one of the issues that
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gained our attention was that among these PON1 activity pa-
rameters, PON1-salt was significantly associatedwith all three
atherogenic indices in T2D, and this may highlight the impor-
tance of this property of PON1 in atherosclerotic events in

patients with T2D. To our knowledge, we did not find the
similar investigations in the literature to compare the associa-
tion of PON1-salt with these indices. However, our results
were consistent with those of Patra et al. [28], who found that

Fig. 2 Associations between salt-
stimulated activity of PON1
(PON1-salt) and atherogenic
indices according to the
genotypes of PON1-L55M
variant. TC (total cholesterol),
AIP (atherogenic index of
plasma; the logarithmic
transformation of TG/HDL-C)

Fig. 1 Associations between salt-
stimulated activity of PON1
(PON1-salt) and atherogenic
indices in the study patients. TC
(total cholesterol), AIP
(atherogenic index of plasma; the
logarithmic transformation of TG/
HDL-C)
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PON1 levels were negatively correlated with the atherogenic
indices, including AIP, LDL/HDL, and TC-HDL/HDL, and
the strength of negative correlation was greater for PON1 than
for HDL. Also, in a study, Stefanovic and colleagues [29] re-
ported that lower PON1 activities were independently associat-
ed with higher AIP. Our findings were further supported by a
recently published investigation [21] in which Viktorinova et al.
observed a significant and negative correlation for PON1 activ-
ity and non-HDL/HDL ratio. None of these studies evaluated
PON1 variants, particularly PON1-Q192R and PON1-L55M,
while they are the most common variants in the coding region
of PON1 gene, markedly affect the enzyme activity and are
associated with vascular diseases [4, 18].

In the present study, when the analyses were performed
with regard to PON1-Q192R variant, our findings showed that
there were significant correlations between PON1-salt and the
atherogenic indices only in the QR + RR group but not in the
QQ genotypes. In other words, in the R allele carrying geno-
types, the degree of salt stimulation significantly decreased
with the increased atherogenicity in patients with T2D. The

result may be related to the fact that salt stimulation influences
the R allozyme much more than it does the Q allozyme.
Oxidative stress could play a role in the association between
PON1-salt and the atherogenic indices, because based on pre-
vious findings [30, 31], individuals with the R allozyme are
more susceptible to oxidative stress than people with the Q
allozyme. Our results were further supported by the findings
of the previous studies indicating that individuals carrying R
allele have less power in preventing the LDL oxidation and
production of oxidized-LDL, and thus increased susceptibility
for atherosclerosis [30, 32].

Our analyses, according to PON1-L55M variant, revealed
that significant correlations between PON1-salt and the athero-
genic indices exist only in the LL genotypes but not in the
LM+MM group. According to the literature, the antioxidant
property of PON1 is lower in LL homozygotes than in those
containing the M allele and more importantly, an individual
with LL genotype is more exposed to the development of ath-
erosclerosis [33]. It seems that the reason for the role of the
study variants in the associations between PON1-salt and the

Fig. 3 Associations between salt-
stimulated activity of PON1
(PON1-salt) and atherogenic
indices according to the
genotypes of PON1-Q192R
variant. TC (total cholesterol),
AIP (atherogenic index of
plasma; the logarithmic
transformation of TG/HDL-C)
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atherogenic indices lies in the fact that oxidative stress influ-
ences the antioxidant property of PON1. It should be noted that
racial differences may influence these associations [34].

In linear regression analysis, we found that all three athero-
genic indices were independently associated with PON1-salt.
In order to find which of all those indices could be a better
predictor of PON1-salt, we performed PRESS statistic.
According to this analysis, AIP was found to be a better pre-
dictor of PON1-salt in comparison with other indices. Further
analyses using Ridge regression confirmed that AIP had more
negative effect on PON1-salt than the others. Since AIP has
been introduced as a suitable marker for plasma atherogenicity
in patients with T2D [16, 17], it may be better to pay more
attention to this marker. On the basis of studies, AIP is not
only positively correlated with the FERHDL, but is also in-
versely correlated with LDL particle size, and therefore AIP
directly would be related to the risk of atherosclerosis [16,
17, 29]. The importance of the issue becomes more apparent
when you realize that the atherogenic indices including AIP
could be a warning for the increased cardiovascular risk in
people who do not yet have extremely altered lipid levels [21].

In the present study, the small sample size should be con-
sidered as a limitation and thus studies with larger sample
sizes are warranted to clarify and confirm these findings.

Conclusion

The diminished PON1-salt may be considered as a risk factor
for atherosclerosis in T2D, thus, understanding the associations
between PON1-salt as an important although neglected property
of PON1 and atherogenic indices may be valuable in T2D.
Accordingly, detection of PON1-salt status (phenotype and ge-
notype) together with the atherogenic indices may be beneficial
in identifying the increased atherogenicity in T2D.
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