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Objective: This study aims to investigate the role of pa-
raoxonase 1 activity and Q192R polymorphism in the deve-
lopment of nephropathy in patients with Type 2 diabetes
mellitus.
Material and Methods: This case-control study included
100 patients with Type 2 diabetes mellitus for more than
five years, admitted to our hospital. They were divided into
two groups (with and without diabetic nephropathy) on the
basis of albumin-creatinine ratio. Serum samples of all pa-
tients were subjected to paraoxonase 1 arylesterase acti-
vity, using phenylacetate as the substrate. Paraoxonase 1
phenotyping was carried out by calculating the ratio of inhi-
bited arylesterase activity to non-inhibited arylesterase ac-
tivity using phenylacetate and p-nitrophenyl acetate,
respectively, as substrates.
Results: Paraoxonase 1 arylesterase activity was found to
be significantly lower in subjects with diabetic nephropathy
than that in the subjects without diabetic nephropathy
(85.4±24.12 vs. 127.94±25.51 p=0.01). Bothunivariate
(Odds ratio=1.073, Neglekerke’s R2=0.565, area under the
curve=0.888, p≤0.001) and multivariate (Odds ratio=
1.067, [95% confidence interval (1.023-1.113), p=0.003)]
logistic tests showed independent, protective association of
paraoxonase 1 arylesterase activity with the development
of diabetic nephropathy. Paraoxonase 1 RR homozygous
diabetic patients were observed to be significantly associa-
ted with diabetic nephropathy in the univariate logistic reg-
ression (R2=0.056 area under the curve=0.600 p=0.037),
while the multivariate analysis did not show any signifi-
cance.
Conclusion: A decreased paraoxonase 1 arylesterase acti-
vity may be considered to be an additional risk factor in the
development of nephropathy in diabetes mellitus. Paraoxo-
nase 1 RR homozygous individuals may be at an increased
risk of being affected by diabetic nephropathy.

Keywords: Paraoxonase 1; polymorphism;
diabetic nephropathy

Amaç: Bu çalışmada, Tip 2 diabetes mellitusu olan hasta-
larda nefropati gelişiminde paraoksonaz 1 ve Q192R poli-
morfizminin etkinliğinin araştırmaktır.
Gereç ve Yöntemler: Bu vaka-kontrol çalışmasına, has-
tanemize başvuran ve beş yıldan fazla süredir diabetes
mellitusu olan 100 hasta alındı. Hastalar, albümin/kreatinin
oranına göre iki gruba ayrıldı (diyabetik nefropatisi olan ve
olmayan). Tüm hastaların serum örnekleri substrat olarak
fenilasetat kullanılarak paraoksonaz 1 arilesteraz aktivite-
sine tabi tutuldu. Paraoksonaz 1 fenotiplendirmesi, inhibe
olan arilesteraz aktivitesinin inhibe olmamış arilesteraz ak-
tivitesine oranının substrat olarak sırasıyla fenilasetat ve
p-nitrofenil asetat kullanarak hesaplanmasıyla gerçekleşti-
rildi.
Bulgular: Diyabetik nefropatisi olan hastalarda, diyabe-
tik nefropatisi olmayanlara göre paraoksonaz 1 arilesteraz
aktivitesi anlamlı olarak daha düşük bulunmuştur (sıra-
sıyla, 85,4±24,12 ve 127,94±25,51; p=0,01). Hem tek
değişkenli (Odds oranı=1.073, Neglekerke’s R2=0,565,
eğri altında kalan alan=0,888, p≤0.001) hem de çok de-
ğişkenli (Odds oranı=1,067, [%95 güven aralığı (1,023-
1,113), p=0,003] lojistik testler paraoksonaz 1 arilesteraz
aktivitesinin diyabetik nefropatisi gelişimi açısından ba-
ğımsız koruyucu ilişkisini ortaya koymuştur. Tek değişkenli
analizlerde, paraoksonaz 1 RR homozigot diyabetik hasta-
ların diyabetik nefropatisi ile anlamlı ilişki gösterdiği göz-
lenmiş (R2=0,056 eğri altında kalan alan=0,600
p=0,037), fakat aynı ilişki çok değişkenli analizlerde gös-
terilememiştir.
Sonuç: Azalmış paraoksonaz 1 arilesteraz aktivitesi dia-
betes mellitus hastalarında nefropati gelişimi açısından ek
bir risk faktörü olarak kabul edilebilmektedir. Paraoksonaz
1 RR homozigot bireyler diyabetik nefropatisi açısından
artmış risk altında olabilmektedir.

Anahtar kelimeler: Paraoksonaz 1; polimorfizm;
diyabetik nefropati
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Introduction
Diabetes mellitus, the most common disease,
accounted for around 350 million cases in
2014 (1). The prevalence of diabetes was es-
timated to be about 8% worldwide in 2011
and was predicted to increase up to 10% by
2030 (2). The chronic complications diabetes
include damage, dysfunction and/or failure of
various organs especially the retina, kidneys,
nerves, heart, and vessels (3). Severe com-
plications of diabetes such as retinopathy,
neuropathy, nephropathy and cardiovascular
complications are the results of either tissue
or vascular damage (4).
DN is a microvascular complication of dia-
betes. This kidney disease develops in 20–
40% of the patients with diabetes (5). The
risk factors for the development of DN in-
clude hyperglycemia, hypertension, dyslipi-
demia, smoking and a family history of DN
(6). Hyperglycemia occurs first, leading to
the development of different pathological
events which cause the overt proteinuria, ul-
timately resulting in glomerulosclerosis and
End Stage Renal Disease (7).
It is largely found in circulation in forms
bound to HDL. The protective effects of HDL
are predominantly due to PON1 (8). PON1
hydrolyzes the phospholipids and hydroper-
oxides to oxidized LDL and also destroys the
proinflammatory molecules involved in the
initiation and progression of microvascular
complications in diabetes (9). PON1 helps in
maintaining the functions of HDL by pre-
venting its oxidation, preserves the anti-
atherogenic functions of HDL, and reduces
the oxidation of LDL (10).
Q and R alleles of polymorphism at position
192 combine to give three phenotypes: QQ,
QR, and RR. The Q192R polymorphism
markedly influences the enzyme activity for
different substrates (11). 192RR individuals
show the highest paraoxonase activity, while
192QQ individuals demonstrate a higher lac-
tonase activity (12). Although several studies
have demonstrated the relationship between
PON1, Q192R polymorphism, and coronary
artery disease; yet,other studies focusing on
Q192R site could not identify the polymor-
phism an independent risk factor (13, 14).
The literature reports many studies corre-
lating paraoxonase polymorphism in DM pa-
tients. S. Araki et al. observed that there
was no association between the PON1 poly-

morphism and DN (15), while Gokcen et al.
observed a significant association between
the PON1 polymorphism and DM (16). As
different studies present conflicting results
there is a need for further research to study
the effect of DN on serum PON1 status.
The present study was designed to investi-
gate whether the PON1 arylesterase activity
and its Q192R polymorphism are associated
with DN in a group of patients with T2DM,
besides other risk factors.

Material and Methods
One hundred patients, having diabetes for
more than five years, admitted to SRTR
Govt. Medical College and Hospital were
randomly selected. The patients having DN
were compared with those without
nephropathy. Age and sexmatched controls
were selected from the diabetics who did not
have any complication and attended the
regular medical check-up in the hospital.
Nephropathy was determined by calculating
Urinary Albumin/Creatinine Ratio (UACR).
UACR<30 mg/gm: normoalbuminuria (mg
of albumin and gm of creatinine)
UACR=30-300 mg/gm: microalbuminuria
(mg of albumin and gm of creatinine)
UACR >300 mg/gm: macroalbuminuria (mg
of albumin and gm of creatinine).
Patients with UACR >30 mg/gm were se-
lected.
The protocol for this study was approved by
the institutional ethics committee of the Med-
ical College. Written informed consent was
obtained from all the patients. The patients
with associated ischemic heart disease,
rheumatoid arthritis, concomitant liver, kid-
ney diseases other than DN, a history of ex-
ogenous hormone administration and those
having DM for a period of less than five year-
swere excluded from the study. Allthe pa-
tients included in the study were questioned
in detail regarding the disease history.

Biochemical Analysis

All the fine chemicals were obtained from
Sigma-Aldrich, Mumbai, Maharashtra, India
Venous blood samples were collected asep-
tically from all patients in the morning,
after an overnight fast. Random samples of
urine from the same patients were also ob-
tained and were subjected to estimation of
urinary albumin and creatinine usingpyro-
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gallol red method (17) and Jaffe’s alkaline
picrate method (18), respectively. The
serum was separated by low-speed cen-
trifugation and was subjected to various
biochemical analyses. Random blood sam-
ples collected in fluoride bulb were ana-
lyzed within a few hours for the estimation
of plasma glucose using glucose oxidase-
peroxidase method (19).

Measurement of PON1 arylesterase activity

Phenylacetate was used as a substrate for
determining the arylesterase activity. The
rate of hydrolysis was measured spec-
trophotometrically, using the assay mixture
which contained 4.0 mM/L phenylacetate
and 1 mM/L CaCl2 in 20 mM/L Tris HCl buffer
at a pH 8.0 and temperature 25 °C (20). The
rate of phenol formation was recorded at
270 nm following 20 s lag time. The activity
was expressed as kU/L, based on the ex-
tinction coefficient of phenol, which was
noted to be 1310 M-1cm-1 at 270 nm, pH 8.0
and 25 °C. Intra assay coefficient of varia-
tion (CVs) was 3.2%.

PON1 polymorphism

Each study subject was phenotyped for the
PON1 Q192R polymorphism by using the
dual substrate method. The ratio of inhibited
to the non-inhibited activity which repre-
sents the ratio of phenylacetate inhibited
arylesterase activity (IA) with p-nitro phenyl
acetate as a substrateto non-inhibited
arylesterase activity (NIA) with p-nitro-
phenyl acetate alone as a substrate, was
taken into consideration. The rate of forma-
tion of p-nitrophenol was determined at 405
nm at a temperature of 25 ºC over 225 s,
following 100 slag time. The activity was ex-
pressed in kU/L, based on the molar ab-
sorptivity (14000 M-1cm-1 min-1) of
p-nitrophenol at 405 nm and a pH 7.4 (21).

Lipid profile in diabetic nephropathy

The levels of total cholesterol, HDL choles-
terol and triglycerides were measured using
enzymatic techniques; LDL cholesterol was
calculated using the Friedewald formula (22).

Statistical Analysis

The esults presented as mean±standard de-
viation. The continuous variables were
tested for normality using Shapiro-Wilk test.

The statistical analysis for the numerical
variables in Gaussian distributionwas carried
out using Student’s unpaired t-test. The
number of individuals with each phenotype
was compared using the chi-square test.
The deviation of observed allele frequency,
from those predicted by Hardy-Weinberg
equilibrium, was evaluated by the chi-
square test. The univariate and multivariate
logistic regression analyses were used for
assessing the risk of DN, as contributed by
various risk factors.
The results were analyzed using the Mystat–
12 statistical software. The significance level
was assigned to be <0.05.

Results
One hundred patients having diabetes for
more than five years and admitted to the
SRTR Govt. Medical College and Hospital
were selected for the study (50 patients with
DN and, 50 type 2 diabetic patients without
nephropathy were selected as controls).
The mean age of the individuals included in
the study was 56±10.48 and 58.82±9.33
years in the control and patient group, re-
spectively. While no significant difference in
age and sex between the patients and con-
trols was observed, Student‘s t-test showed
that parameters like duration of diabetes,
Random BSL, total cholesterol and LDL-C
cholesterol were significantly higher in the
patient group as compared to the controls.
There was no significant difference in TG,
VLDL-C, and HDL-C among the patients and
controls. PON1 arylesterase activity was
found to be significantly lower in subjects as
compared to that in the controls (Table 1).
The phenotypic distribution of PON1 poly-
morphism (QQ, QR, and RR phenotypes)
was not significantly distinct between the
patients and controls (Table 2). PON1
arylesterase activity showed a significant
difference in terms of QQ, QR and RR phe-
notypes between the patients and controls
(Table 3).
In the univariate logistic regression, consid-
ering DN as a dependent factor, all parame-
ters except serum triglyceride, HDL-C, and
VLDL-Showed a significant contribution to
the risk of nephropathy in diabetic patients
(Table 4). The significant parameters uni-
variate regression were modeled through
multivariate regression ands-R and PON1
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HDL-c =High Density Lipoprotein cholesterol; LDL-c= Low Density Lipoprotein cholesterol; PON1= Paraoxonase 1.

Parameters Controls Subjects p value

Age (years) 56±10.48 58.82±9.33 0.158

Sex (male/female) 35/15 38/12 0.499

Duration of diabetes 8.54 ±1.35 9.16±1.47 0.035

Random BSL (mg/dL) 151.7±23.40 205.18±41.20 <0.001

Total cholesterol (mg /dL) 150.68±22.99 168.92±23.17 <0.001

Triglyceride (mg/dL) 164.7±26.11 171.26±26.69 0.225

HDL-C 43.86±4.77 42.1±7.27 0.151

VLDL-C 32.94±5.22 34.25±5.54 0.225

LDL-C 73.88±12.99 92.57±10.36 0.001

PON1 arylesterase (KU/L) 127.94±25.51 85.4±24.12 <0.001

Table 1. Clinical characteristic and laboratory data in cases and controls.

HDL-c =High Density Lipoprotein cholesterol; LDL-c= Low Density Lipoprotein cholesterol; PON1= Paraoxonase 1; BSL-R = Random
blood sugar level; DM. Diabetes mellitus.

Parameters Odds ratio Neglekerke’s r2 AUC p

BSL-R 0.937 0.603 0.906 <0.001

Duration of DM 0.731 0.062 0.613 0.029

T. cholesterol 0.966 0.183 0.708 <0.001

Triglyceride 0.991 0.020 0.559 0.220

HDL-C 1.049 0.027 0.559 0.151

VLDL-C 0.955 0.020 0.559 0.220

LDL-C 0.968 0.176 0.705 0.001

Arylesterase 1.073 0.565 0.888 <0.001

RR Phenotype 2.488 0.056 0.600 0.037

Table 4. Univariate logistic regression analysis.

PON1 polymorphism.

No. of individuals with each phenotype (controls) No. of individuals with each phenotype (subjects)

QQ=15 QQ=12

QR=23 QR=25

RR=12 RR=13

Total=50 Total=50

Table 2. Distribution of PON1 Phenotype in controls and subjects.

Phenotype Control Subjects p Value

PON1 Arylesterase activity

QQ 130.8±27.65 105.75±21.37 0.016

QR 124.65±22.07 89.36±17.66 <0.001

RR 117.25±14.71 85.5±30.97 0.003

Table 3. Distribution of PON1 arylesterase activity according to phenotype.



arylesterase activity showed an independ-
ent, significant contribution in the nephropa-
thy in diabetes along with other parameters;
however, in combination with other known
parameters, RR phenotype lost its signifi-
cance as observed in the multiple logistic re-
gression (Table 5).

Discussion
Genetic predisposition, quality of glycemic-
control, duration of diabetes, level of blood
pressure, and smoking are some of the
known risk factors for DN (23). Besides
these, the role of other factors in the devel-
opment of DN was also seen in the study.
evidently found in thestudy that the duration
of diabetes in thepatients was significantly
higher than that in the controls (9.16±1.47
VS 8.54±1.35, p=0.035). LDL-C was found
to be significantly increased in the patient
group (92.57±10.36 VS 73.88 ±12.99
p=0.001) and was also significantly associ-
ated with DN, as ascertained by the univari-
ate regression (OR=0.968 R2=0.001).
Similar results were observed by The Pitts-
burgh Epidemiology of Diabetes Complica-
tions Study which identified LDL cholesterol
as a predictor of microalbuminuria (24). In
the present study, PON1 arylesterase activity
in the patient group (85.4 ±24.12 kU/L) was
observed to be significantly lower than that in
the control group (127.94±25.51 kU/L)
(p<0.001). Univariate logistic regression
considerably indicated it to bea protective
factor in the development of DN, showing an
odds ratio of 1.073 and Neglekerke’s R2 value
of 0.565 (p<0.01). Multivariate logistic re-
gression, which was also in combination with
other variables, showed that PON1
arylesterase activity contributed significantly

to the development of nephropathy in dia-
betes. LI C et al. (2009) (25) and El-said N.
H. et al. (2015) (26) also found that patients
with nephropathy had a lower PON1 activity
as compared to their controls, which is in line
with the present study. In DN, PON1 glyca-
tion causes dissociation of PON1 from HDL,
making PON1 less stable; glycation also im-
pairs the reverse cholesterol transport ability
of HDL, all of which may cause a decrease in
PON1 activity as evident in this study, which
was confirmed by Rosenblat M et al. (27) and
Hedrick CC et al. (28). Tabur S. et al. (29)
explained that DN is a state of oxidative
stress, in which PON1 arylesterase activity is
decreased; an antioxidant enzyme has been
reported to be associated with an increase in
the reactive oxygen radicals and oxidative
stress.
In the present study, phenotype-wise distri-
bution of PON1 Q192R polymorphism
showed no significant difference between
the patients and controls. RR homozygotes
were observed to be independently associ-
ated with the development of DN in the uni-
variate logistic regression; however, in the
multivariate logistic regression, it lost its
significance. Q192 provides protection
against microangiopathic, probably due to
the effective hydrolysis of hydroperoxides
and peroxides of PON1 QQ, as established
by Murata M et al. (2004) (30) in their
study. Hampe M et al. (2014), in a cross-
sectional study, investigated the role of
paraoxonase 1 (PON1) status such as activ-
ity and Q192R polymorphism in the devel-
opment of Diabetic Retinopathy (DR) in
patients with type 2 DM, and found that
retinopathy was significantly associated with
PON1 R allele carriers in diabetic patients
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The dependent factor is the presence or absence of disease (Cases are taken as reference).
LDL= Low Density Lipoprotein; BSL-R = Random blood sugar level; DM: Diabetes mellitus.

Model (R2=0.726AUC=0.945 P<0.001)

BSL-R -0.039 0.962 0.938-0.982 <0.001

Duration of DM 0.026 1.026 0.620-1.479 0.914

TC 0.036 1.036 0.941-1.133 0.455

LDL -0.043 0.958 0.878- 1.046 0.345

Arylesterase 0.065 1.067 1.023- 1.113 0.003

RR phenotype -0.846 0.429 0.071- 2.584 0.356

Table 5. Multivariate logistic regression.



(71.05%) than with diabetic patients ho-
mozygous for PON1 QQ (29.41%) (31),
which is in line with the present study. Inoue
M. et al. (2000) (32) found that PON1
arylesterase activity was significantly lower
in diabetes with nephropathy, but the lower
activity was independent of PON1 192Q/R
polymorphism. A meta-analysis done by
Wang J. et al. in 2013 concluded that PON1
Q192R polymorphism may not be associated
with DN and DR (33). The reasons for these
discrepancies may be the differences in the
type of diabetes, ethnicity, and other genetic
contributors. More extensive and preferably
prospective studies are required to confirm
the results of the present study. The main
limitation of this study is the small sample
size, which is not enough to establish the
predictive value of PON-1 polymorphism in
DN. PON1 genotyping, which is more defin-
itive, has not been performed in the present
study. Thus, a false classification of few in-
dividuals, among the three phenotypes,
could have been possible. Further, the actual
concentration of PON1 has not been directly
calculated in the present study and a larger
cohort study is therefore required to serve
this purpose.

Conclusion
The authors ultimately conclude according
to the results of the present study that the
PON1 arylesterase activity in diabetic pa-
tients with nephropathy is reduced as com-
pared to that in the diabetic patients without
nephropathy, due to an increase in the
oxidative stress and PON1 glycation in DN.
Diabetic patients having R allele are suscep-
tible to the development of nephropathy in
the course of diabetes, thus,PON1 status is
an additional risk factor for the development
of nephropathy along with the known risk
factors already prevailing.
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