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Abstract
Objectives: Stroke is a multifactorial disease. Oxidative stress and blood pressure were found to be closely related with cardiovascular
and cerebrovascular diseases. Paraoxonase-1 (PON1) has been considered as an anti-atherosclerosis factor. Increased pulse pressure
(PP) may lead to an increased risk of cardiovascular and cerebrovascular morbidity and mortality. Nevertheless, there are limitations
for PP as an evaluation index. In order to overcome the defects of PP, there is a novel parameter, “pulse pressure/systolic pressure”
called “pulse pressure index (PPI)” for evaluation of cardiovascular outcomes. We investigated the association between Paraoxonase1 (PON1) activities and pulse pressure index (PPI) in acute ischemic stroke patients.

Methods: We evaluated and compared the PON-1 activity and PPI in 46 ischemic stroke patients and 32 control patients. PON1
activitity was measured with UV spectrophotometric method by using “Rel Assay Diagnostic” kits. Pulse pressure was calculated by
subtraction of diastolic blood pressure from systolic blood pressure. PPI was calculated “pulse pressure / systolic pressure”.

Results: Hypertension, age, diabetes mellitus, dyslipidemia signficantly higher in ischemic stroke patients than control group (p<0.05).
PPI was significantly higher in ischemic stroke patients than control group (0.471 ± 0.072 and 0.423 ± 0.048, p<0.05). PON-1 activity
was significantly lower in ischemic stroke patients than in control group (417.76 ± 79.72 and 432.34 ± 92.05 p<0.05). We found that
a weak negative correlation between the PPI and LVEF, PON1 (p<0.05). Also, PON1 is independent predictor of PPI.

Conclusion: This study demostrated that PON1 activity is lower and PPI is higher in acute ischemic stroke patients than control
subjects. Our results suggested that, PON-1 activity is an independent predictor of PPI in acute ischemic stroke patients. PON-1 weakly
correlates with pulse pressure index.
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Akut İskemik İnmeli Hastalarda Paraoksonaz-1 Aktivitesi ile Nabız Basıncı İndeksi
Arasındaki İlişki
Öz
Amaç: İnme multifaktöriyel bir hastalıktır. Oksidatif stres ve kan basıncının, kardiyovasküler ve serebrovasküler hastalıklar ile yakın
ilişkili olduğu bulunmuştur. Paraoksonaz-1 (PON1) in antiaterosklerotik faktör olduğu düşünülmektedir. Artmış nabız basıncı (PP),
artmış kardiyovasküler ve serebrovasküler morbidite ve mortalite ile ilişkilidir. Bununla beraber, PP’nin bir indeks olarak
değerlendirilebilmesi için sınırlamalar vardır. PP’deki bu sınırlamaları ortadan kaldırmak ve kardiyovasküler prognozu
değerlendirmek için yeni bir parametre “nabız basıncı/sistolik basınç” formülünden hesaplanarak nabız basıncı indeksi (PPI)
bulunmuştur. Yapmış olduğumuz bu çalışmada, akut iskemik inmeli hastalarda PON1 aktivitesi ile PPI arasındaki ilişkiyi araştırdık.

Yöntemler: Bu çalışmamızda 46 iskemik inmeli hasta ve 32 kontrol grubunda, PON-1 aktivitesi ile PPI değerlendirip karşılaştırdık.
PON1 aktivitesi “Rel Assay Diagnostic” kit kullanılarak UV spektrofotometre ile ölçüldü. Nabız basıncı, sistolik kan basıncından
diyastolik kan basınıcının çıkarılmasıyla ölçüldü. PPI, “nabız basıncı/sistolik basınç” formülünden hesaplandı.

Bulgular: Hipertansiyon, yaş, diyabetes mellitus, dislipidemi, kontrol grubuna göre iskemik inmeli hastalarda anlamlı düzeyde daha
yüksek bulundu (p<0.05). PPI, iskemik inmeli hastalarda kontrol grubuna göre anlamlı düzeyde daha yüksek bulundu (0.471±0.072
and 0.423±0.048, p<0.05). PON1 aktivitesi, iskemik inmeli hastalarda kontrol grubuna göre anlamlı düzeyde daha düşük bulundu
(417.76±79.72 and 432.34 ± 92.05 p<0.05). PPI ile PON1 ve LVEF arasında negatif zayıf korelasyon saptadık (p<0.05). Ayrıca PON1,
PPI’nin bağımsız bir ön belirleyicisidir.

Sonuç: Bu çalışmada, akut iskemik inmeli hastalarda kontrol grubuna göre, PON1 aktivitesi daha düşük, PPI ise daha yüksek bulundu.
Bulgularımız, akut iskemik inmeli hastalarda PON1 aktivitesinin, PPI’nin bağımsız bir ön belirleyicisi olduğunu ileri sürmektedir.
Anahtar kelimeler: Paraoksonaz, nabız basıncı, inme.

INTRODUCTION
Stroke is a multifactorial disease arising from
environmental and genetic risk factors or their
interaction1. The pathogenesis of acute
cerebrovascular
diseases
is
carotid
2
atherosclerosis . Free radical activity and
hypertension
were
associated
with
atherosclerotic
cerebrovascular
and
cardiovascular diseases. Oxidized low density
lipoproteins (LDL) in the vascular wall is a
significant pathophysiology of cerebrovascular
atherosclerosis. Paraoxonase-1 (PON1) has got
antioxidant property3. This enzyme prevents
oxidation of blood lipids4. Therefore, PON1 can
decrease progression of atherosclerotic disease.
Also,
PON1
activity
can
influence
atherosclerotic
cerebrovascular
disease.
Increased vascular free radical activity is an
important
pathophysiology
of
arterial
5
hypertension . In arterial hypertension,
reactive oxygen radicals (ROR) can influence
the antioxidant activity of enzymes. The
significance of ROR in vascular endothelial

function and the pathogenesis of arterial
hypertension have been lately investigated6.

Elevated pulse pressure (PP) is a major clinical
risk factor for coroner and cerebrovascular
morbidity and mortality7. Cardiovascular
factors are affecting PP. Prior clinical trial
findings on PP demonstrated that: (1) PP is a
major risk factor for CV disease, and mortality,
(2) genes may affect PP and (3) gender may
affect PP, CV disease and mortality8.
Nevertheless, there are drawbacks for PP as an
assessment for index. In order to overcome the
drawback of PP, there is a novel parameter,
“pulse pressure/systolic pressure” termed
“pulse pressure index (PPI)” for evaluation of
cardiovascular consequences9. We investigated
the association between Paraoxonase-1 (PON1)
activities and pulse pressure index (PPI) in
acute ischemic stroke patients.
METHODS

Patient selection

This cross-sectional study included 46 adult
patients (Females, 27; males, 19; mean age, 68 ±
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13 years; range 41–86 years) with acute
ischemic stroke (≤ 24 hours of symptom onset)
admitted to the neurology care unit, between
November 2013 and December 2014 and 32
control patients. They were classified into 2
groups: Ischemic stroke patients (Group 1,
n=46), control patients (Group 2, n=32).
Demographic,
clinical
characteristics,
laboratory parameters of patients, including
stroke severity assessment with NIHSS on
admission to the neurology care unit were
recorded. Patient clinical data, history of
cardiovascular risk factors, and stroke onset
were determined, and neurologic examination
was conducted at the time of admission. The
diagnosis of acute ischemic stroke was made on
the basis of neurologic examination and cranial
imaging within 24 hours of symptom onset.
Patients with a well-defined time of acute
ischemic stroke symptom onset were included
in this study. Patients who have any prior
history of transient ischemic attack or
cerebrovascular
disease,
intracranial
hemorrhage were excluded. Exclusion criteria
from the study are diseases that affect PON1
activities. These diseases are chronic heart
disease, diabetes mellitus, chronic renal
disorder and malignancy. Admission stroke
severity was determined using the NIHSS
score10.

All patients were taken immediate cranial
computed tomography after admission to
emergency care unit. Troponin values were
calculated, and the electrocardiogram (ECG)
was taken after admission to the neurology care
unit. Echocardiographic examination was
performed within the first 48 hours of
admission to the neurology clinic. The NIHSS
evaluation and echocardiographic examination
were conducted by blinding investigators (U.O
and O.O, respectively). The study was accepted
by the Ethics Committee of our hospital and
informed consent was obtained from all
patients. Ethics committee approval was
obtained for this protocol 411 on 30 / 10 / 2013.

The study was performed in accordance with
the principles of the Declaration of Helsinki.

Blood Sampling

Venous blood samples were obtained from the
patients in admission at the neurology care unit.
Blood samples were taken from the antecubital
vein into blood tubes. Then blood samples were
separated from the cells by centrifugation at
5000 rpm for 5 min. Serum samples were
aliquoted and stored at -70°C until analysis.
PON1 activities were measured with UV
spectrophotometric method by using “Rel Assay
Diagnostic” kits.
Blood Pressure Measurements

Blood pressure calculations were performed in
all stroke patients within 10 minutes after
admission to the neurology care unit. Blood
pressure was calculated with a digital blood
pressure measuring device after 5 minutes of
rest, as recommended by the 7th Joint National
Committee on Detection, Evaluation and
Treatment of High Blood Pressure11. Patients
were seated or lying on the bed with their arm
bared and supported at heart level. Two
readings, separated by 2 minutes, were
obtained and averaged. Additional blood
pressure measurements were obtained if these
measurements differed by > 5 mm Hg. Pulse
pressure was measured by subtraction of
diastolic blood pressure from systolic blood
pressure. PPI was calculated by “pulse pressure
/ systolic pressure”.

Statistical Analysis

Statistical analysis was carried out with the
SPSS statistical package (Version 12.0; SPSS Inc.,
Chicago, IL, USA). All baseline clinical
parameters were analyzed. Continuous
variables with normal Gaussian distribution
(tested with the Kolmogorov-Smirnov test for a
distribution normality check) were expressed
as means ± SD, and categorical variables as
percentages. Independent Sample T-Test, Chisquare test, Pearson’s Correlation test and
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regression analysis were used for comparison
of data as appropriate. A p value < 0.05 was
considered statistically significant.
RESULTS

Clinical characteristics of patients are
summarized in Table 1. Age, hypertension,
systolic blood pressure (BP), diastolic BP, heart
rate, PP, PPI, diabetes mellitus, dyslipidemia,
glucose, creatinine, LDL cholesterol were
significantly higher in ischemic stroke patients
than control group (p < 0.05). PON-1 activity
and HDL cholesterol were significantly lower in
ischemic stroke patients than control group (p <
0.05).
Table I: Clinical characteristics of patients.
Variables

Group

(Ischemic

Stroke) n=46

1 Group

(Control

Group) n=32

2

p

Value

Age (years)

68.5±13.4

44.1±18.6

0.003

Hypertension, n %

29 (65%)

6 (18%)

0.005

Gender (F/M), n
SBP (mmHg)

DBP (mmHg)

Heart Rate (bpm)
PP, mm-Hg
PPI

Diabetes Mellitus, n %
Smoking, n %

Dyslipidemia, n %
Glucose (mg/dl)
HbA1c

Creatinine (mg/dL)
PON-1 activity

LDL cholesterol
(mg/dL)

HDL cholesterol
(mg/dL)

27 / 19

158.4 ± 17.5
97.1 ± 10.6

117.5 ± 17.2
60.3±16.5

0.471±0.072
14 (30 %)
7 (16 %)

11 (24%)

165.3 ±35.6
7.8 ± 2.1
1.6±0.5

417.7±79.7

142.1±29.5
34.5±8.7

17 / 15

124.3 ± 13.6
74.2 ± 9.3

83.5 ± 12.3
44.6±12.7

0.423±0.048
2 (6 %)

3 (10 %)
0 (0 %)

103.4 ± 24.3
6.3 ± 1.5
0.9±0.3

432.3 ± 92.0
108.3±17.2
42.6±9.8

Glucose, creatinine, LDL cholesterol levels were
significantly higher in ischemic stroke patients
than control group (p < 0.05). PON-1 activity
and HDL cholesterol were significantly lower in
ischemic stroke patients than control group (p <
0.05).
Echocardiographic Findings

Echocardiographic findings are summarized in
Table 2. LV septal thickness, LV diastolic
diameter, LV posterior wall thickness, and E/e’
values were significantly higher in Group 1
patients than in Group 2 patients (p < 0.05).
LVEF was significantly lower in Group 1
patients than in Group 2 patients
(p < 0.05).

0.234

Table II: Echocardiographic parameters of patients.

0.037

Variables

0.032
0.022

LV

0.033

septal

LVDd (mm)

LV posterior Wall

0.007

thickness, mm

0.583

LVDs (mm)

0.004

LAD (mm)

0.029

RAD (mm)

0.043

RVDd (mm)

0.037
0.045

LVEF (%)
E/e’

0.042

Group

(Ischemic

thickness, mm

0.041

0.045

Systolic blood pressure (BP), diastolic BP, heart
rate, PP, PPI were significantly higher in
ischemic stroke patients than control group (p <
0.05).

Stroke) n=46

1 Group

2

(Control Group) p Value
n=32

11.8±1.2

10.6±0.9

0.029

11.2±1.1

10.4±0.9

0.037

53.4±5.9
42.4±3.9
41.7±3.8
33.7±3.2
29.6±2.3
52.3±5.8
10.1±3.7

48.7±4.5
39.1±3.7
38.3±3.5
31.5±2.8

28.1 ± 2.4
59.7±5.2

7.5 ±2.96

0.042
0.276
0.573
0.563
0.274
0.042
0.026

LV: Left Ventricle, LVDd: Left ventricular diastolic diameter, LVDs: Left
ventricular systolic diameter, LAD: Left atrial diameter, RAD: Right atrial
diameter, RVDd: Right ventricular diastolic diameter, LVEF: Left
ventricular ejection fraction.

F:Female, M:Male, SBP: Systolic Blood Pressure, DBP: Diastolic Blood
Pressure, PP: Pulse Pressure, PPI: Pulse Pressure Index, PON1:
Paraoxonase 1, LDL: Low Density Lipoprotein, HDL: High Density
Lipoprotein.

Correlation analysis was performed to
investigate the relationship between PPI and
clinical parameters. It showed a weak negative
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correlation between the PPI and LVEF, PON. In
addition, there was a positive correlation
between the PPI and E/e’, age, heart rate, SBP
(Table 3). Logistic regression analysis was
performed to identify the potential predictors
for PPI. Results of the multivariate analysis
revealed that age, SBP, LVEF, PON and heart rate
were a powerful predictor of PPI. Also, PON is
independent predictor of PPI (Table 4).

Table III: Correlation of patients’ characteristics and
pulse pressure index.
Parameters

Pearson’s correlation
coefficient (r value)

LVEF

-0.427

PON

-0.413

E/e’
Age

SBP

Heart rate

0.329

p Value
0.042
0.032
0.041

0.472

0.039

0.425

0.040

0.234

0.046

LVEF: Left ventricular ejection fraction, PON: Paraoxonase, SBP: Systolic
Blood Pressure.

Table IV: Multivariate logistic regression analysis
between PPI and clinical parameters.
Parameters

OR

95 % CI

p Value

LVEF

0.835

0.770-0.920

0.028

SBP

PON
Age

Heart rate

0.615
0.469
0.426
0.397

0.517-0.792
0.314-0.659
0.248-0.752
0.213-0.654

0.032
0.043
0.040
0.043

SBP: Systolic Blood pressure, PON: Paraoxonase, LVEF: Left ventricular
ejection fraction.

DISCUSSION
Acute stroke is identified as one of the
significant reasons of mortality and morbidity12.
Stroke is a multifactorial disease. This may
account why the incidence of acute stroke
demonstrates racial and regional variations.
There is a proof for ROR relevance in
pathogenesis of a lot of diseases, with a specific
point on those related to atherosclerosis, such
as diabetes, cardiovascular disease, acute
stroke, and chronic renal diseases. PON1 is a
calcium-dependent glycoprotein. PON1 exerts

lactonase and peroxidase activities. These
enzymatic activities are important in
neurological diseases associated with oxidative
stres13. Shenhar TS et al found that PON1
activity was inversely correlates with
cerebrovascular atherosclerosis14. Strokes are
associated with changes in serum PON1 activity.
The present study is the first study in the
literature that evaluates the relationship
between PON-1 activity and PPI in acute
ischemic stroke patients. The main finding of
our study is that PON-1 activity is significantly
decreased in acute ischemic stroke patients
than in control subjects. Also, Kim NS et al
reported that PON1 enzyme activity is
substantially reduced in ischemic stroke
patients compared to healthy controls1.
Demirdogen et al. demonstrated that reduced
PON1 activities of acute ischemic stroke
patients were lower than those of control
subjects15. Liu et al. coordinated a meta-analysis
of PON1 genetic polymorphisms and acute
ischemic stroke. The R allele or RR genotype of
PON1 Q192R polymorphism had an increased
risk for ischemic stroke in the general
population16. In the opinion of Wannamethee et
al., low HDL-C value is a significant risk factor
for the development of stroke17. In our study,
we found that HDL is significantly lower in acute
ischemic stroke patients than in healthy
controls. Also, we found that LDL cholesterol
was significantly higher in acute ischemic
stroke patients than in healthy controls.

Acute stroke is characterized by profound
autonomic dysregulation, including alterations
in the autonomic reflex pathways, central
autonomic neuroanatomical sites and hormonal
factors. According to prior investigations on BP
changes during the early period of stroke, there
is much more higher increasing of SBP than DBP
during the acute stroke18. Acute stress response
to stroke events, increased sympathetic tone,
and compensatory response to cerebral
ischemia might account these evidences19. As a
result, an increase of PP could have occurred if
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there was more marked elevation of SBP than
DBP during acute ischemic stroke period. In this
study, we found that SBP, DBP, heart rate, PP,
PPI were significantly higher in acute ischemic
stroke patients than in healthy controls. Lee KJ
et al suggested that PP when calculated in the
early period of acute ischemic stroke has
relationships with major cerebrovascular and
cardiovascular events and recurrent stroke.
Also, they are suggested that PP has an
important predictive power than other
commonly used BP parameters20. For ischemic
stroke event, other analysis based on the
REGARDS population demonstrated that PP was
an independent predictor of stroke event after
adjusting for DBP or MAP, but not after
adjusting for SBP21. A meta-analysis of 16
cohort clinical studies in Japan suggested that a
substantial association between PP and
ischemic stroke in men22. On the other hand,
SBP and DBP were not compared with PP in this
meta-analysis. Recently, Chang JJ et al. reported
that PP as an independent predictor for in
hospital mortality in patients with spontaneous
intracerebral hemorrhage23.

Hypertension, age, hyperlipidemia and Diabetes
Mellitus are major risk factors for
atherosclerotic cerebrovascular disease24. In
our study, hypertension was significantly more
common in acute ischemic stroke patients. Age
was significantly higher in acute ischemic
stroke patients than in healthy controls. Strokerelated sympathetic activation is high in
patients with acute ischemic stroke.
Irrespective of prior cardiovascular status, an
acute phase of stroke markedly influences LV
function, and biochemical parameters (Glucose,
troponin, creatinine)25. In this study, we found
that LVEF was significantly lower in acute
ischemic stroke patients than in healthy
controls. Ozturk U et al. found that the severe
acute ischemic stroke patients had lower
LVEF26.

Hendrix P et al. found that diabetes mellitus
history is an important predictor of stroke
severity27. Lindsberg et al. suggested that
increased blood glucose is frequent in the acute
period of stroke28. In our study blood glucose
and HbA1c levels were significantly higher in
acute ischemic stroke patients than in healthy
controls. Lindsberg PJ et al. reported that
diabetes is frequent in severe acute ischemic
patients. But, stress related hyperglycemia is
more common in these patients28. In our study
we found that E/é value was significantly higher
in severe stroke patients. Ryu WS et al.
suggested that E/e' ratios were associated with
arterial occlusion in AF-related stroke and may
play a role in identifying patients at high risk of
severe stroke29. In this study we found that
creatinine levels were significantly higher in
acute ischemic stroke patients. Mostofsky E et
al. suggesting that, shared risk factors
underlying vascular diseases including age,
diabetes mellitus, hypertension, left ventricular
hypertrophy may represent a unique vascular
pathogenesis resulting from reduced renal
clearance. Renal function predicts survival in
patients with acute ischemic stroke30.
CONCLUSION

This study demonstrated that PON1 activity is
lower and PPI is higher in acute ischemic stroke
patients than control subjects. Our results
suggested that, PON-1 activity is an
independent predictor of pulse pressure index
in acute ischemic stroke patients. PON-1 weakly
correlates with pulse pressure index.
Ethics Committee Approval: The study was
accepted by the Ethics Committee of our
hospital and informed consent was obtained
from all patients. The study was performed in
accordance with the principles of the
Declaration of Helsinki. Ethics committee
approval was obtained for this protocol 411 on
30 / 12 / 2013.
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