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ABSTRACT

Background: Both oxidative stress and morning surge (MS) of blood pressure (BP) were found to be
closely related with cardiovascular and cerebrovascular diseases. We investigated the association
between MS of BP and oxidative stress in newly diagnosed hypertensive patients. Methods: We
prospectively included 237 newly diagnosed hypertensive patients in the present study (mean age: 51.6 £ 11.7
years). The patients were classified according to the extent of the sleep-through surge as follows: the top decile
of sleep-through surge (>47.2 mmHg, n = 27; EMShigh group), versus all others (n = 210, EMSlow group). Total
antioxidant capacity (TAC) and total oxidant status (TOS) levels were determined by using an automated
measurement method. The oxidative stress index (OSI) was calculated as the ratio of TOS to TAC. Serum
paraoxonase 1 (PON-1) activity was measured spectrophotometrically. Results: Patients in EMShigh group were
found to have higher hs-CRP, TOS, and OSI values and lower TAC and PON-1 values (p < 0.01, for all). MS of BP
was associated with hs-CRP, PON-1, TOS, TAC, and OSl levels in bivariate analysis. Multivariate linear regression
analysis showed that MS of BP was significantly associated with PON-1(8 = —0.206, p < 0.001), OSI (8 = 0.602, p <
0.001) and hs-CRP (8 = 0.210, p < 0.001). Conclusion: Present study shows that OSl is increased and antioxidant
PON-1 activity is decreased in patients with enhanced MS of BP. There is a close association between high MS of
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BP and oxidative stress markers in newly diagnosed hypertensive patients.

Introduction

Hypertension (HT) causes target organ damage by the direct
physical effect of increased blood pressure as well as the active
promotion of atherosclerosis and thrombogenesis (1,2). There
is a clear diurnal variation of the onset time of cardiovascular
events. Cardiovascular events occur most frequently in the
morning. Ambulatory monitoring has revealed that blood
pressure (BP) tends to display a similar diurnal variation
with morning blood pressure surge (3). This finding suggested
that an increased morning surge (MS) of BP might have a role
in the occurrence of cardiovascular events. On the other hand,
the studies investigating the association between cardiovascu-
lar events and MS of BP have produced conflicting results.
Oxidative stress plays a critical role on the pathogenesis of
atherosclerosis. Moreover, increased oxidative stress is associated
with both cardiovascular and cerebrovascular diseases. High-den-
sity lipoprotein (HDL) cholesterol exerts cardioprotective proper-
ties through its antioxidant activity and antiinflammatory effects,
which is largely maintained by serum paraoxonase 1 (PON-1) (4).
PON-1 protects lipoproteins against oxidative modification and to
hydrolyze hydrogen peroxide, a major reactive oxygen species
(ROS) produced under conditions of inflammation and athero-
sclerosis (4). Oxidative stress triggers pro-inflammatory, pro-
thrombotic, proliferative, and vasoconstrictor mechanisms
related to abnormal endothelial function (5). As oxidative stress
is known to play important roles in the pathogenesis of

cardiovascular events that occur most frequently in the morning,
it is reasonable to expect an association between oxidative stress
and MS of BP. We aimed to investigate the association between
MS of BP and oxidative stress markers such as OSI and PON-1
activity in newly diagnosed hypertensive patients.

Methods
Study populations

We prospectively included 237 patients with newly diagnosed
essential HT according to office BP measurements between
January 2014 and July 2014. Patients with severe liver or renal
disease, secondary or malignant HT, heart failure, patients
with known coronary artery disease and diabetes, the signs
and symptoms of coronary artery disease (CAD) (such as
chest pain, ST depression or elevation, positive non-invasive
stress test), cerebrovascular disease, valve disease, atrial fibril-
lation, major non-cardiovascular diseases such as infectious or
inflammatory diseases, hematological disease, neoplastic dis-
ease were excluded from the study. Patients with suspicion
(excessive daytime sleepiness, choking or gasping during
sleep, recurrent awakenings from sleep, unrefreshing sleep,
daytime fatigue, impaired concentration that are not better
explained by other factors) of having sleep apnea syndrome
(SAS) were also excluded from the study. Of 288 patients
having office BP measurement >140/90 mmHg, 51 patients
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were excluded because their BP recordings were normal at
ambulatory blood pressure monitoring (ABPM). They were
not accepted as hypertensive patients and thought to have
white coat HT. Measurements were obtained from 237
patients with newly diagnosed essential HT (mean age 51.6
+ 11.7 years; male/female 84/153). Patients taking antioxidant
drugs such as statins, diuretics, angiotensin-converting
enzyme inhibitors (captopril, zofenopril), beta-blocking
agents (carvedilol, nebivolol), vitamins (such as E and C),
and other antihypertensive drugs were excluded from the
study. No dietary variation was present between the groups.
Patients taking xenobiotics and alcohol were also excluded
from the study. The Local Ethics Committee approved the
study protocol, and each participant provided written
informed consent.

After assessment of detailed medical history and a com-
plete physical examination, the baseline characteristics of
patients including age, sex, hypertension, current smoking
status, family history of CAD, body mass index (BMI), and
medications were recorded for all patients. Electrocardiogram,
routine laboratory tests, echocardiographic examination and
noninvasive ambulatory BP monitoring were applied to all
patients.

Echocardiography

Standard two-dimensional and Doppler echocardiography were
performed using a commercially available echocardiographic
machine (Vivid 7R GE Medical System, Horten, Norway). Left
ventricular (LV) end-diastolic diameters (LVDd), end-diastolic
interventricular septal thickness (IVSth) and end-diastolic left
ventricular posterior wall thickness (PWth) were measured at
end-diastole according to established standards of the American
Society of Echocardiography (6). LV ejection fraction (EF) was
determined by the biplane Simpson’s method (7). Left ventricu-
lar mass (LVM) was calculated using the Devereux formula (8):
LVM = 1:.04[(LVDd+IVSth+PWth)3 - (LVDd)3] - 13.6.

Office blood pressure measurements

Systolic BP (SBP) and diastolic BP (DBP) recordings were per-
formed by a physician by using a mercury sphygmomanometer
with appropriate-sized cuffs. Office BP measurements were done
by the same physician. Diastolic BP was determined by using
phase V. Following the guidance of the seventh report of the
Joint National Committee on Prevention, Detection, Evaluation,
and Treatment of High BP, at least three separate measurements
on three different days (9) were performed and the mean value
was determined as the office BP.

Ambulatory blood pressure measurements

Noninvasive 24 h ABPM was performed with a portable, com-
pact digital recorder (Tracker NIBP2, Delmar Reynolds Ltd.,
Hertford, UK) on a day of typical activity and analyzed using
customized analytical software (Delmar Reynolds Medical Inc.,
Model 2169, Hertford, UK). The device was programmed to
inflate and record BP at pre-specified intervals (15-min intervals
from 6 am to midnight, and at 30-min intervals from midnight
to 6 am), which provided approximately 80 BP recordings dur-
ing the 24 h period. Patients were instructed to note awake and
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asleep intervals to a diary. Daytime (awake period), nighttime
(asleep period), and 24-h mean systolic and diastolic BP, BP
load, heart rate, weighted standard deviation (SD) of 24-h BP as
an index of BP variability were evaluated. When successful read-
ings exceeded at least 80% of the total readings programmed for
the testing period, the recording was considered valid and satis-
factory. Recordings with systolic BP > 260 or <70 mmHg or if
diastolic BP was >150 or <40 mmHg and pulse pressure was
>150 or <20 mmHg were excluded.

Diagnosis of hypertension

In each participant, BP was measured on at least three separate
days after 15 min of sitting comfortably and the mean value was
determined as the office BP. Participants who had systolic BP >
140 mmHg and/or a diastolic BP > 90 mmHg in the office
setting, and an average 24 h systolic BP > 130 mmHg and/or
diastolic BP > 80 mmHg, an average daytime systolic BP >
135 mmHg and/or diastolic BP > 85 mmHg or an average
nighttime systolic BP > 125 mmHg and/or diastolic BP >
75 mmHg in 24 h ABPM were diagnosed as hypertensive (10).
In addition, the participants who had a <10% reduction in BP
from the daytime to the nighttime period were defined as non-
dipper hypertensive (NDH), and the participants who had a BP
reduction >210% from the daytime to the nighttime period were
defined as dipper hypertensive (DH), and the participants who
had a BP reduction >20% from the daytime to the nighttime
period were defined as extreme DH (11).

Morning surge of blood pressure

To calculate the MS of BP, we detected the awake and asleep
intervals from the participants’ diary. We used sleep-through
morning surge of BP. The MS of BP was calculated as the differ-
ence between the mean systolic BP during the 2 h after awaking
(four BP readings) and the mean systolic BP during the 1 hour
that included the lowest sleep BP (12,13). There is no consensus
on a cut-off value for the morning BP surge. As the cut-off value
for identifying the top decile was 47.2 mmHg, we subclassified the
patients according to the extent of the sleep-through surge as
follows: the top decile of sleep-through surge (>47.2 mmHg, n =
27; EMShigh group), versus all others (n = 210, EMSlow group).

Blood sampling

Venous blood samples were obtained at (polyclinic) admis-
sion. Samples were taken from cubital vein into blood tubes
and immediately stored on ice at 4°C. The serum was then
separated from the cells by centrifugation at 3000 rpm for 10
min. Serum samples were stored at —80°C until analysis of
lipid parameters, PON-1 activity, total oxidant status (TOS),
and total antioxidant capacity (TAC).

Blood counts were measured by a Sysmex K-1000 (Block
Scientific, Bohemia, New York) autoanalyzer within 5 min of
sampling. Plasma triglyceride, low-density lipoprotein (LDL),
high-density lipoprotein (HDL), glucose, and creatinine concen-
trations were measured with an automated chemistry ana-
lyzer (Abbott Aeroset, Minnesota, USA) using commercial kits
(Abbott).
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Measurement of serum paraoxonase-1 (PON-1) activity
Measurement of serum PON-1 activity was performed in the
absence of NaCl (basal activity). The rate of paraoxon hydro-
lysis (diethyl-p-nitrophenylphosphate) was measured by mon-
itoring the increase of absorbency at 412 nm at 37°C. The
amount of generated p-nitrophenol was calculated from the
molar absorptivity coefficient at pH 8, which was 17,000 M~
cm ™' (14). PON-1 activity was expressed as U L™ serum. The
coefficient of variation (CV) for measurement of serum PON
activity was 2.1%.

Measurement of total oxidant status (TOS), total
antioxidant capacity (TAC), and oxidative stress index (OSl)
The TAC and TOS levels of serum were measured as
described previously (15,16). The oxidative stress index
(OSI) was calculated as the ratio of TOS to TAC. The unit
for total antioxidative capacity of plasma, was expressed as
mmol Trolox equivalent L™}, and the total oxidant status of
plasma as the micromolar hydrogen peroxide equivalent per
liter (mmol H,0, Eq L.

Statistical analysis

All analyses were conducted using SPSS 17.0 (SPSS for
Windows 17.0, Chicago, IL, USA). Comparison of categorical
variables between the groups was performed using the chi-
square (y°) test. Analysis of normality was performed with the
Kolmogorov-Smirnov test. Independent samples t-test was
used in the analysis of continuous variables. Multivariate,
stepwise backward conditional logistic regression analysis
was used to determine the independent predictors of MS of
BP. All significant parameters in the univariate analysis were
selected in the multivariate model. A receiver operator char-
acteristic curve analysis was carried out to identify the optimal
cut-off point of OSI and PON-1 to detect morning surge of
blood pressure. The value of the area under the curve was
calculated as a measure of the accuracy of the test. A two-
tailed p < 0.05 was considered statistically significant.

Results
Baseline characteristics

A comparison between the baseline demographics and labora-
tory and echocardiographic findings is shown in Table 1.
There were no statistically significant difference in demo-
graphic and echocardiographic parameters (p > 0.05, for all).
Patients in EMShigh group were found to have higher hs-
CRP, TOS, and OSI (p < 0.01, for all) values and lower TAC
and PON-1 values (p < 0.01, for all).

Ambulatory blood pressure measurements

Comparison of ambulatory blood pressure measurement vari-
ables is shown in Table 2. There were no statistically signifi-
cant difference in ambulatory blood pressure measurement
variables except of MS of BP (p > 0.05, for all).

Table 1. Baseline characteristics of groups.
EMShigh GrOUp

EMS,,,, Group

Variables (n=27) (n = 210) p-value
Baseline findings
Age (year) 49.7 £ 134 519+ 114 0.371
Gender (male) 8 (29.6%) 76 (36.2%) 0.329
BMI (kg/mz) 313 +53 309 £ 5.7 0.700
Heart rate (b/m) 79.6 + 12.8 796 + 11.9 0.977
Smoking, n (%) 8 (29.6%) 52 (24.8%) 0.367
Laboratory findings
Glucose (mg/dl) 97.0 + 6.1 942 £ 9.0 0.125
Total cholesterol (mg/dl) 205.8 + 43.6 215.7 £ 445 0.275
Triglyceride (mg/dl) 161.7 + 63.8 181.5 + 89.4 0.267
HDL cholesterol (mg/dl) 482 +15.2 47.0 £ 11.0 0.609
LDL cholesterol (mg/dl) 142.0 + 39.2 146.4 + 34.7 0.542
Creatinin (mg/dl) 0.85 + 0.27 0.83 + 037 0.764
Hemoglobin (mg/dl) 136+ 1.6 139 £ 1.8 0.428
HsCRP (mg/dl) 0.83 +0.18 0.69 + 0.21 0.001
TAC 0.72 £ 0.23 0.97 + 0.24 <0.001
TOS 348 + 10.2 21.7 + 89 <0.001
0sl 52.6 + 20.1 252 £ 153 <0.001
PON-1 82.2 + 40.1 115.7 = 541 0.002
Echocardiographic findings
LAD (mm) 3.72 £ 0.39 3.66 + 0.40 0.472
LVID (mm) 46 + 05 45+ 05 0.744
LVM 207.2 £ 65.1 1925 + 47.0 0.146
Ejection fraction, % 60.8 + 4.0 61.8 + 49 0.297

Abbreviations: EMS, early morning surge; BMI, body mass index; HDL, high density
lipoprotein; hs-CRP, high sensitive C reactive protein; LAD, left atrial diameter;
LDL, low-density lipoprotein; LVID, left ventricle internal diameter; LVM, left
ventricle mass; TOS, total oxidant status; TAC, total antioxidant capacity; OSI,
oxidative stress index.

Bold values are statistically significant.

Table 2. Office and ambulatory blood pressure measurements.

Variables EMShigh group  EMSq,, group  p-value

Blood pressure measurements (mmHg)
Office SBP 1574 + 207 1604 + 18.8 0.439
Office DBP 95.1 £ 98 98.0 + 9.7 0.152
Average 24-h SBP 1379 £ 93 1376 £ 9.2 0.874
Average 24-h DBP 85772 844+ 79 0.453
Average daytime SBP 143.0 £ 8.0 144.8 + 89 0.315
Average daytime DBP 90.9 = 6.3 912 £ 6.8 0.920
Average nighttime SBP 1329+ 140 1305+ 115 0.316
Average nighttime DBP 80.3 £ 10.0 77.8 £ 105 0.234
Average morning SBP 145.1 + 8.0 1449 + 8.7 0.545
Average morning DBP 920 £ 11.5 91.6 = 94 0.660
Morning BP surge 56.9 £ 9.0 20.5 £ 140  <0.001
Dipper hypertension, n (%) 8 (29.6%) 90 (42.9%) 0.134
Non-dipper hypertension, n (%) 17 (63.0%) 106 (50.5%) 0.154
Extreme dipper hypertension, 2 (7.4%) 14 (6.7%) 0.566

n (%)

Abbreviations: EMS, early morning surge; SBP, systolic blood pressure; DBP, dia-
stolic blood pressure; BP, blood pressure.
Bold values are statistically significant.

Bivariate and multivariate relationships of MS of BP
(Table 3)

MS of BP was associated with hs-CRP (r = 0.264, p < 0.001),
PON-1 (r = —0.510, p < 0.001), TOS (r = 0.665, p < 0.001), TAC
(r = —0.640, p < 0.001), and OSI levels (r = 0.729, p < 0.001) in
bivariate analysis.

Table 3. Bivariate and multivariate relationships of MS of BP.

Pearson correlation Standardized
Variables coefficient p-value B-regression coefficients p-value
Hs-CRP 0.264 <0.001 0.210 <0.001
PON-1 —0.510 <0.001 —0.206 <0.001
TOS 0.665 <0.001 - -
TAC —0.640 <0.001 - -
osl 0.729 <0.001 0.602 <0.001

Abbreviations: TOS, total oxidant status; TAC, total antioxidant capacity; OSI,
oxidative stress index; hs-CRP, high sensitive C reactive protein.
Bold values are statistically significant.
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Figure 1. (a) Relationship between MS of BP and OSI. (b) Relationship between MS of BP and PON-1.

Multivariate linear regression analysis showed that MS of BP
was significantly associated with PON-1 (8 = —0.206, p < 0.001),
OSI (B = 0.602, p < 0.001), and hs-CRP (8 = 0.210, p < 0.001).
Relationships between MS of BP with OSI and PON-1 are shown
in Figure 1a and b, respectively.

ROC curve analysis

The cutoft value of OSI obtained by the ROC curve analysis
was 35.5 arbitrary unit for the prediction of MS of BP (sensi-
tivity: 81.5%, specificity: 81.5%). The area under the curve
(AUC) was 0.868 (95% CI: 0.798-0.937, p < 0.001).

The cutoff value of PON-1 activity obtained by the ROC
curve analysis was 78.5 U L™' for the prediction of MS of BP
(sensitivity: 70.0%, specificity: 67.0%). The area under the
curve (AUC) was 0.692 (95% CI: 0592-0.793, p < 0.001).

The ROC curves of OSI and PON-1 for predicting high MS
of BP were shown in Figure 2a and b, respectively.

Discussion

Oxidative stress markers and morning surge (MS) of blood
pressure (BP) were found to be closely related to cardiovas-
cular and cerebrovascular diseases. (13,17-19). To the best of
our knowledge the present study is the first in the literature
that evaluates the relation between oxidative stress, PON-1
activity and MS of systolic BP in newly diagnosed hyperten-
sive patients. The main finding of this study is that oxidative

ROC Curve
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| s Specifity: 81.5%
-~ %950k 0.798-0.937
ks ~ AUC:0,868
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1 - Specificity

stress markers are increased and antioxidant PON-1 activity is
decreased in patients with enhanced MS of systolic BP.

ROS include the superoxide anion (O,"), hydroxyl (OH") free
radicals, and non-radicals, such as H,O,. The primary ROS mole-
cule O, can be generated by several enzyme systems, including
the mitochondrial electron-transport chain, COXs (cyclo-oxyge-
nases), lipoxygenases, cytochrome P450 reductases, xanthine oxi-
dase, NOS, and NADPH oxidases (20). There is a balance between
oxidative effects of free radicals and antioxidants in human
plasma. When the level of ROS exceeds the level of antioxidant
defense systems, oxidative stress occurs. The measurement of OSI
reflects the oxidative status of human plasma (21). An HDL
associated protein PON-1 has been found to play an important
role in the maintenance of the low oxidative state (22). PON-1 has
been found to play an important role in hydrolysis of hydrogen
peroxides, which is a major reactive oxygen species at oxidative
modification of LDL (23). PON-1 protects LDL from oxidative
modification, which makes it highly antiatherogenic. Therefore,
an association between PON-1 levels and atherosclerosis risk was
revealed by several studies (24,25). Oxidative stress triggers pro-
inflammatory, prothrombotic, proliferative, and vasoconstrictor
mechanisms related to abnormal endothelial function (26). So, the
combination of an excessive production of reactive oxygen species
with an impaired antioxidant defense capacity leading to endothe-
lial dysfunction may facilitate the development and progression of
atherosclerotic cerebrovascular disease. Findings from recent clin-
ical studies suggest that this mechanism can be important in
patients with acute or chronic cerebrovascular diseases (27).

ROC Curve

PON-1: 78.5
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Specifity: 67.0%
$%95CK: 0.592-0.793
AUC:0.692

P<0.001

0.4 _[
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Figure 2. (a) The ROC curve analysis of OSI for predicting high MS of BP. (b) The ROC curve analysis of PON-1 for predicting high MS of BP.
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It has been considered that the MS of BP may be particu-
larly harmful, because cardiovascular and cerebrovascular
events occur most frequently in the morning (13,28-30). We
used sleep-through morning surge of BP. The preawakening
MS of BP, which is defined as the difference between the
mean BP during the 2 h after waking and the mean BP during
the 2 h before waking, has been shown to have less power for
the prediction of cardiovascular events than sleep-through
morning BP surge (13).

The rate of the MS of BP in 24-hour ABPM was found to
be greater in hypertensive patients than normotensive parti-
cipants. On the other hand, the studies investigating the
association between cardiovascular events and MS of BP
have produced conflicting results. While some studies demon-
strated MS of BP to be an independent risk factor for cardi-
ovascular and cerebrovascular events (18,19), other studies
did not (31,32). It was previously reported that in elderly
hypertensive patients a high morning BP surge was associated
with increased stroke risk (33). The hour of awakening, rather
than the hour of the day, was found to be most closely related
to the occurrence of vascular events (34,35). Pierdomenico
et al. previously demonstrated that MS of BP was independent
of risk of stroke events (19). The associations of MS of BP
with stroke and coronary events were found to be indepen-
dent of BP level and weighted standard deviation of 24-hour
blood pressure at dipper patients in the study of
Pierdomenico et al. (18,19). In the study of Kario K et al,
the stroke events were found to be significantly more likely to
occur in the morning (13). Increased rate of cerebrovascular
events in morning hours may even be observed in high-risk
hypertensive patients with well-controlled home and ambula-
tory blood pressure (3).

An exaggerated morning BP surge may advance vascular
remodeling from the larger arteries to the small resistance
vessel through increased mechanical pressure and shear stress
of an exaggerated fluctuation of blood flow on the vessel wall
(36). Plaques biopsied from patients with hypertension with
an increased morning BP surge had increased levels of macro-
phages, T lymphocytes, ubiquitin-proteasome activity, tumor
necrosis factor-a, and matrix metalloproteinase-9 (37). If we
take into account of greater activity of the sympathetic and
renin-angiotensin-aldosterone systems in the morning, the
effect of morning BP on endothelial cells and subsequent
vascular damage can be thought to be greater than other
periods of the day.

Because oxidative stress and inflammation are known to
play important roles in the pathogenesis of cardiovascular
events that occur most frequently in the morning, it is
logical to expect an association between oxidative stress
and MS of BP. It has been suggested that in hypertensive
patients with MS of BP there is an increased risk of cere-
brovascular events (33), and that oxidative stress is one of
the causes of cerebrovascular stroke (13,17,28).
Polymorphonuclear leukocytes (PMNs) and mononuclear
cells (MNCs) are one of the basic sources of ROS. PMNs
and MNCs are known to be activated by hypertension to
release ROS, including hydrogen peroxide, contributing to
endothelial damage and cardiovascular disease (19,38-40).
When oxidative stress is increased, MNCs induce adhesion

to the endothelium, which results in atherosclerotic diseases
(41). MS of BP may be considered to be inducing effects of
hypertension that activates release of ROS. Further molecu-
lar studies are needed to verify the effect of MS of BP on
ROS accumulation.

Inflammatory mechanism is an important factor for cardi-
ovascular events. Hypertensive patients with exaggerated
morning BP surge have been found to have higher levels of
systemic inflammatory markers, such as high-sensitive
C-reactive protein and interleukin-6, than those without
surge (36). Shimizu et al. (42) reported an association between
hs-CRP and MS of BP. We also found a significant association
between hs-CRP and MS of BP.

Cinical implication

We demonstrated an association between MS of BP and
PON-1 activity and also between MS of BP and OSI. OSI
is increased and PON-1 activity decreased in newly diag-
nosed hypertensive patients with enhanced MS of systolic
BP. So, our findings suggest that serum PON-1 activity and
oxidative stress markers may be used along with MS of BP
to detect newly diagnosed hypertensive patients without
known cardiovascular and cerebrovascular disease who are
in high risk of cerebrovascular diseases and who can benefit
from pharmacological or interventional treatment strategies.
Additionally, increasing PON-1 activity and decreasing oxi-
dative stress markers could be an important target for
future pharmacological agents to decrease future cardiovas-
cular and cerebrovascular risk. However, the most impor-
tant thing is to decrease the BP levels including morning
BP, nocturnal BP, and MS for preventing cardiovascular
events.

Study limitations

Coronary angiography was not performed on the patients.
However, coronary artery disease has been excluded accord-
ing to treadmill exercise test, ECG, and medical history. PON-
1 has two coding region amino acid polymorphisms, one at
position 55 and the other at position 192 (26). The Q192R
polymorphism has such a significant effect on PON-1 activity.
It is possible, but not advisable, to use PON-1 activity within a
192 genotype/phenotype (e.g. Q/Q, Q/R, or R/R). In this
study, the PON-1 phenotype or genotype was not determined
(43,44). Like our study, in most studies, PON-1 activity was
measured with paraoxon as a substrate, while diazoxon was
used on very few occasions (45,46). It has been suggested that
serum PON-1 activity was a better predictor of the risk of
cardiovascular diseases than the PON-1 genotype.

In conclusion, oxidative stress calculated with OSI is
increased and antioxidant PON-1 activity is decreased in
newly diagnosed hypertensive patients with enhanced MS of
systolic BP. Future studies are needed to verify collective
efficacy of oxidative stress markers and MS of BP to detect
future cerebrovascular and cardiovascular risk in newly diag-
nosed hypertensive patients without known cardiovascular
and cerebrovascular disease.
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