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Background: Elevated mean platelet volume may reflect presence of active large platelets, which lead to fatal or non-fatal
cardiovascular events. In recent studies, lack of nocturnal blood pressure fall was presented as an indepen-
dent predictor of poor prognosis in essential hypertension. The relation of raised MPV with left ventricular hy-
pertrophy has also been reported in hypertension.

The aim of this study was to investigate the relation between MPV, non-dipping blood pressure pattern, and
left ventricular mass index (LVMI) in sustained hypertension.

Material/Methods: A total of 2500 patients, whose ambulatory blood pressure (ABP) records had been evaluated retrospectively
between January 2010 and December 2012, were included. Patients were divided into 3 groups according to
their ABP values: non-dipper hypertensive (n=289), dipper hypertensive (n=255), and normotensive (n=306).
The MPV levels and biochemical analyses were recorded from patient files and, LVMI were automatically cal-
culated using a regression equation.

Results: The non-dipper and dipper hypertensive groups had significantly higher MPV levels than normotensives (8.4+1 fL,
8.3+1 fL, and 8.1+0.6 fL, respectively, p<0.001). However, there was no difference among the non-dipper and
dipper groups in terms of MPV level (p=0.675). Although LVMI was significantly different between non-dipper,
dipper, and normotensive groups (p=0.009), no correlation was found between MPV level and LVMI in dipper
and non-dipper hypertensive patients (r=—0.080, p=0.142). There was a weak correlation between MPV level and
ambulatory 24-h diastolic and systolic blood pressure (r=0.076, p=0.027, and r=0.073, p=0.033, respectively).

Conclusions: We demonstrated that there was no correlation between MPV level, non-dipping pattern of blood pressure,
and LVMI in sustained hypertension.
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Material and Methods

Arterial blood pressure (BP) exhibits a diurnal rhythm that is
higher at daytime than at night time [1-3]. A nocturnal de-
cline in BP of less than 10% of the daytime value has been
termed as “non-dippers” [4]. Continuous 24-h ambulatory blood
pressure (ABP) monitoring has been used to show the diurnal
rhythm of arterial BP. The mechanisms responsible for abnor-
mal diurnal BP variation remain unclear, but it may be associ-
ated with a deterioration of autonomic balance [5]. Erdem et
al. reported a possible cardiac autonomic dysfunction in pre-
hypertensive subjects with non-dipper pattern [6]. Verdecchia
et al. demonstrated that lack of nocturnal BP fall in patients
with essential hypertension was a good predictor of cardio-
vascular prognosis [7]. Furthermore, lack of nocturnal BP fall
is a predictor of target organ damage, including stroke, renal
failure, and adverse cardiovascular events [8-10]. Kang et al.
reported that patients with CAD often had nocturnal non-dip-
ping pattern, which might increase the risk of future coronary
events, including acute coronary syndromes [11]. Zain El et al.
reported that non-dipping morning blood pressure was an in-
dependent predictor of hypertensive target organ damage in
elderly patients with isolated systolic hypertension [12]. Cha
et al. [13] reported that masked and sustained hypertension,
as well as non-dipping or reverse dipping pattern, were more
common in the settings of severe renal failure and proteinuria.
Karakas et al. demonstrated the relation of non-dipping blood
pressure pattern with impaired left ventricular dyssynchrony
in dipper and non-dipper hypertensives [14].

Previous studies have reported that increased platelet activ-
ity is associated with cardiovascular morbidity and mortality
[15,16]. Mean platelet volume (MPV) is a very general and in-
direct marker of platelet activation that is altered in many sit-
uations, such as cigarette smoking, vascular abnormalities, he-
matological diseases, and atherosclerosis [17]. Elevated MPV
value may reflect presence of active large platelets — which
contain more dense granules that are metabolically and enzy-
matically more active than small ones — lead to high thrombus
burden lesions that result in fatal or non-fatal cardiovascular
events [17, 18]. Furthermore, increased MPV level was found
to be related with cardiovascular mortality following acute
myocardial infarction and restenosis [19,20].

The relation of raised MPV level with left ventricular hyper-
trophy has also been reported in patients with essential hy-
pertension [21,22]. Since high MPV level, non-dipping blood
pressure pattern, and left ventricular hypertrophy are known
as independent risk factors for adverse cardiovascular events,
we aimed to investigate the relations between MPV, non-dip-
ping blood pressure pattern, and left ventricular mass index
in patients with sustained hypertension.

Study design
This study had a retrospective case-control design.
Study population

A total of 2500 patients (range, 18-80 years of age) in a large-
volume tertiary hospital, whose ambulatory blood pressure
(ABP) records had been evaluated retrospectively between
January 2010 and December 2012, were screened. Past medi-
cal history, including cardiovascular risk factors, medications,
and results of physical examination and laboratory analyses
(including whole blood counts and standard biochemical pa-
rameters), were recorded from patient files. Any deficiencies
in the information or missing or unavailable data about ad-
mission blood counts resulted in exclusion of the patient. By
the end of the recruitment process, 840 patients remained
and were included in the study.

The exclusion criteria were: secondary hypertension, masking
hypertension, white-coat hypertension, active or former smok-
ing, heart failure, recent MI, history of coronary artery bypass
surgery, stroke, peripheral vascular disease, diabetes melli-
tus, valvular diseases, hemodynamically significant arrhyth-
mias, history of stable and unstable angina pectoris, chronic
renal failure (serum creatinine »1.5 mg/d|, blood urea nitro-
gen >30 mg/dl), chronic liver diseases, thromboembolic dis-
orders, and hematological abnormalities. Patients who were
already on antiplatelet therapy (acetylsalicylic acid or clopido-
grel) were also excluded.

The study complies with the Declaration of Helsinki and the
trial protocol was approved by the local Ethics Committee. The
written informed consent was obtained from all participants.

Study protocol

Patients were divided into 3 groups according to their ambu-
latory BP values: non-dipper hypertensives (n=289), dipper hy-
pertensives (n=255), and normotensives (n=306). Body mass
index was calculated by dividing the weight (kg) by height
squared (m2). All patients underwent trans-thoracic echocar-
diographic examination (General Electric Vivid 7 GE Vingmend
Ultrasound AS, Horten, Norway). The value of left interventric-
ular septal diameter in diastole (LVSd), left ventricular end-di-
astolic diameter (LVEDd), and left ventricular posterior wall
diameter in diastole (LVPWd) were recorded from echocardio-
graphic examination reports. The left ventricular mass index
(LVMI) was calculated with the following formula:

LVMI=1.04x0.8x[(LVSd + PWDd + LVEDd)3- LVEDd3] +0.6.
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Ambulatory blood pressure monitoring

The 24-h ABP measurement was performed using a por-
table compact digital recorder (Tonoport V, Milwaukee, GE
Healthcare) and an analyser using customized analytical soft-
ware programmed to measure blood pressures at 15-min in-
tervals, from 07:00 until 23:00, and at 30-min intervals from
23:00 until 07:00. Daytime was defined as the time interval
between the hours of 07:00 and 23:00, and night-time was
defined as the time interval between the hours of 23:00 and
07:00. The patients were instructed to perform their usu-
al daily activities, but to stay inactive during the measure-
ments. Recordings were accepted if more than 80% of the
raw data were valid.

Blood sampling

Blood samples were drawn from the antecubital vein after over-
night fasting into standardized tubes containing dipotassium
ethylenedinitrotetraacetic acid (EDTA) to be stored at room
temperature. An automatic blood counter (Beckman Coulter,
Miami, FL) was used for whole blood counts. The levels of MPV
and other hematologic parameters were measured after 120
min from venipuncture. The expected values for MPV in our
laboratory ranged from 6.8 to 10.8 fL. Other biochemical anal-
yses were determined by standard methods.

Study variables

The variables of the study were as follows: age, sex, weight,
height, body mass index (BMI), fasting serum glucose, plas-
ma lipids (triglyceride, HDL cholesterol, total cholesterol, and
LDL cholesterol concentrations), creatinine, MPV, LVMI, plate-
let count, daytime systolic blood pressure (SBP), daytime di-
astolic blood pressure (DBP), night-time SBP, night-time DBP,
24-h SBP, and 24-h DBP.

Diagnosis and definitions

HT was defined as an office blood pressure (OBP) of >140/90
mm Hg, daytime ABP >135/85 mm Hg, or the active use of
antihypertensive drugs. Sustained HT was defined as both an
office blood pressure (OBP) of >140/90 mm Hg and a daytime
ABP of >135/85 mm Hg. Normotension was defined as a con-
sistent normal BP on OBP and daytime ABP measurements
in patients not receiving antihypertensive treatment (OBP
<140/<90 mm Hg and daytime ABP <135/<85 mm Hg) [23].
Non-dippers were defined as those with nocturnal decrease
in systolic blood pressure (SBP) of less than 10% of daytime,
and dippers were defined as those with a 10% or larger de-
cline in systolic blood pressure during the nocturnal period of
diurnal blood pressure [4].
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Statistical analysis

All statistical analyses were performed using SPSS version 17
(SPSS for Windows, Version 17.0, SPSS Inc., Chicago, IL). The
variables were investigated using visual (histograms, proba-
bility plots) and analytical methods (Kolmogorov-Smirnov and
Shapiro-Wilks test) to determine whether the variables were
normally distributed. Descriptive analyses are presented as the
meanzstandard deviation (SD), and categorical variables are ex-
pressed as percentages. Groups were compared with one-way
analysis of variance (ANOVA; age, total cholesterol, low-densi-
ty lipid [LDL] cholesterol, body mass index, and hematocrit), the
Kruskal-Wallis test, and the chi-square test. The Mann-Whitney
U test was performed to test the significance of pairwise differ-
ences using Bonferroni correction to adjust for multiple compar-
isons. A Spearman correlation analysis was performed to de-
scribe the association of MPV with 24-h SBP, 24-h DBP, and LVMI.
A p value <0.05 was considered to be statistically significant.

Results

Baseline demographic, clinical, and laboratory characteris-
tics of the study groups are presented in Table 1. There were
no differences among 3 groups regarding age and male sex
(p=0.690 and p=0.411, respectively). BMI was lower in the
normotensive group than in non-dipper and dipper hyperten-
sive groups, but the difference was not statistically significant
(p=0.330). Moreover, the other baseline clinical and laboratory
characteristics of the study groups were not significantly dif-
ferent between the 3 groups except for MPV levels, platelet
count, and LVMI (all p values >0.05). The non-dipper and dip-
per hypertensive groups had significantly higher MPV levels
than those of the normotensive subjects (8.4+1 fL, 8.3+1 fL,
and 8.1+0.6 fL, p<0.001, respectively). However, there was no
difference between the non-dipper and dipper groups in terms
of MPV level (p=0.675) (Figure 1). Platelet counts were found
to be significantly higher in the normotensive group than in
dippers and non-dippers (275+65x106/mL, 266+722x10%/mL,
54+65x10%/mL, p<0.001). However, platelet counts were similar
in the dippers and non-dippers groups (p=0.48). LVMI was sig-
nificantly different between non-dippers, dippers, and normo-
tensive groups (p=0.009). Also, it was found to be significantly
higher in non-dippers as compared to normotensives (p=0.01).

The comparison of the ABP monitoring variables among the
3 groups are reported in Table 2. When the ABP values were
compared among the 3 groups; daytime SBP, daytime DBP,
nighttime DBP, 24-h SBP, and 24-h DBP were found to be sig-
nificantly higher in non-dippers and dippers groups than in
normotensives (all p values<0.001). Whereas night-time SBP
and DBP in the non-dippers group were significantly higher
than those of the dippers group (p<0.001), the daytime SBP
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Table 1. Baseline demographic, clinical and laboratory characteristics of study groups.

Non-dipper Normotensive

(n=289) (n=306)

Gender (male) n, (%) 125 (50.8) 117 (46.8) 187  (45.5) 0.411

LVMI, g/m? 94+25 92425 86127 0.009**

ACE - angiotensin-converting enzyme; ARB — angiotensin receptor blocker; BMI — body mass index; CCB — Ca-channel blocker;
DBP - diastolic blood pressure; HDL — high-density lipoprotein; LDL — low-density lipoprotein; LVMI — left ventricular mass index;
MPV — mean platelet volume; SBP — systolic blood pressure. * p<0.01 both non-dippers and dippers vs. nornotensive;

** p<0.01 non-dippers vs. normotensive.

and DBP were higher in dippers than in non-dippers, but the
[ P<0.001 | difference was not statistically significant. Twenty-four hour
[ P=0.675 L P=0.001 | SBP and 24-h DBP were also found to be similar among non-
11,0007 dippers and dippers groups (p>0.017).
10,000 When the relation of MPV level with ABP variables was investi-
gated, significant correlations were only found between MPV and
9,000 24-h DBP and 24-h SBP (r=0.076, p=0.027, and r=0.073, p=0.033,
=
= respectively). Furthermore, the association of MPV with left ven-
= 8,000 tricular hypertrophy represented by LVMI was evaluated among
hypertensive groups in this study. There was no correlation be-
7,000 tween MPV and LVMI in dipper and non-dipper hypertensive
patients (r=—0.080, p=0.142, r: -0.086, p=0.158, respectively).
6,000 —
Diprl)ers Non—dlippers Normotlensives Discussion
Figure 1. MPV levels. Three main findings emerged from this study. First, MPV level

was significantly higher in the hypertensive group than in the
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Table 2. Comparison of the ambulatory blood pressure measurements among three groups.

Non-dipper Dipper Normotensive p value

Daytime-SBP, mm Hg 154+13 155+12* 124+9* <0.001
DaytimeDBP,mmHg o411 9gr10 et <0001
Nighttime-s8p,mmHg 15315 10s13 Hsslr <0001
Nighttime-DBP,mmHg | o2:10 gasom 687 <0001
2ahspmmbg 154513 151014 22:¢ <0001
24hDBP,mmHg 9410 oasii™ 7586 <0001

SBP — systolic blood pressure; DBP — diastolic blood pressure. * p<0.001 both dipper and non-dipper vs. normotensives;

*okk

** p>0.017 non-dipper vs. dipper;

normotensive group, but it did not differ between non-dippers
and dippers. Second, MPV level was not associated with LVMI
in patients with sustained hypertension. Third, platelet counts
were higher in the normotensive group than in the non-dip-
pers and dippers groups.

Mean platelet volume is an important platelet production in-
dex that may indirectly relate to platelet function. There are
conflicting results in the literature about the relation of plate-
let size, measured as MPV, with platelet reactivity. Van der Loo
et al. reported this positive association between them in acute
coronary syndrome [25]. However, Beyan et al. did not demon-
strate any relation between all of the platelet indices and plate-
let aggregation responses in healthy adults [26]. Moreover, De
Luca et al. reported that MPV was not related to platelet reac-
tivity and the extent of coronary artery disease among diabet-
ic patients undergoing coronary angiography [27]. Large and
hyperreactive platelets accelerate intracoronary thrombus for-
mation, which leads to a cascade of fatal clinical events such
as acute coronary syndrome [25].

Increased platelet activation and reverse effect of some an-
tihypertensive drugs on platelet functions has been reported
in patients with essential hypertension [28,29]. Shear forc-
es, renin-angiotensin system, endothelial dysfunction, raised
catecholamines levels, and presence of comorbid conditions
promote increased activation of platelets in hypertensive set-
tings [30]. Furthermore, studies have reported that MPV was
significantly higher in patients with hypertension than in nor-
motensive subjects [21,22]. Giles and Inglis reported that
MPV levels were higher in patients with gestational hyper-
tension than in normotensive pregnant subjects [31]. Also,
Varol et al. reported that MPV was significantly higher in pa-
tient with prehypertension and hypertension than in controls
[32]. Kaya et al. reported that the MPV level was significantly
higher in the non-dippers group than in healthy controls [33].
Guven et al. demonstrated a raised level of MPV in masked
and essential hypertensive subjects [34]. Taking into account

p<0.001 non-dipper vs. dipper.

the close relationship between MPV level and hypertension,
we tried to elucidate this association in a very specific sub-
group of hypertension termed "sustained hypertension.” This
finding, which was reported in some previous studies, was
supported in our study. Although the underlying pathophysi-
ologic mechanisms remain unclear, it may be that volume ex-
pansion or mal-suppressed sympathetic activity are impor-
tant contributors to developing non-dipper hypertension [5].
The relation of MPV level between non-dipper and dipper hy-
pertension was investigated in some clinical studies [35,36].
In contrast to our study, MPV was found to be significantly
higher in the non-dippers group than in dipper hypertensives
in studies by Inanc [37] and Ordu [38] et al., with a small pop-
ulation. This finding, which had been reported by Inanc et al.,
may be due to increased 24-h SBP, 24-h DBP, and 24-h aver-
age blood pressure in the non-dippers HT group compared to
dippers. However, these blood pressure measurements, which
were thought to have an effect on MPV level, were not differ-
ent between the 2 groups in our study. This difference may
arise from different study populations. The main limitation of
these studies was a lack of multivariate regression analysis
to determine an independent relationship between MPV and
non-dipper hypertension.

LVH is one of the most important reliable indicators of target-or-
gan damage (TOD) in hypertension. Hypertensive patients with
LVH have a worse cardiovascular prognosis than those without
[39,40]. There are conflicting results about the relation of LVH
and non-dipping pattern of blood pressure in hypertensive sub-
jects in the literature. Mozdzan et al. demonstrated the raised
prevalence of concentric left ventricular hypertrophy in the
night-time non-dipper hypertensives during ambulatory blood
pressure monitoring. They also reported that dippers had low-
er average systolic, diastolic, and mean arterial pressure dur-
ing the night-time hours [41]. Moreover, Ajayi et al. reported
that the presence of LVH was associated with higher mean ABP
and lower percentage nocturnal decline in systolic and diastol-
ic blood pressure. This study confirmed the significance of the
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non-dipping blood pressure pattern on the development of LVH
and its subsequently increased cardiovascular risk [42]. While
some studies have reported that LVH is more pronounced in
non-dippers, others have found no difference among hyperten-
sive subjects [40,43]. In contrast to some clinical studies, we did
not demonstrate any difference among dippers and non-dippers
hypertensive groups in terms of LVMI, which is a reliable indi-
cator of left ventricular hypertrophy, in our study. This finding
may due to similar average 24-h SBP and DBP measurements
in dipper and non-dipper hypertensive groups.

Furthermore, there are conflicting results in the literature re-
garding an association between MPV and presence of left ven-
tricular hypertrophy [22,44,45]. While Scuteri et al. demon-
strated the relation of MPV with raised left ventricular mass
and interventricular septum thickness [40], Lip and Blann did
not find any correlation between MPV and LVH in hyperten-
sive patients [44]. In our study, there was no relation between
MPV and LVH in patients with sustained hypertension, similar
to the results of Lip and Blann.

Controversial results were reported about the relationship
between MPV levels and target organ damage (TOD) in some
previous studies [22,45,46]. Nadar et al. reported that hyper-
tensive patients with TOD, such as stroke, previous myocar-
dial infarction, angina, microalbuminuria/proteinuria, and left
ventricular hypertrophy, had a higher MPV level than those of
the hypertensive patients without TOD [22]. However, Bulur
et al. [43] found no correlation between MPV, LVMI, and mark-
ers of TOD in patients with essential hypertension. In the pres-
ent study, we did not find any association between MPV and
LVMI in sustained hypertension, concordant with findings of
Bulur et al. study. In addition, Gabbasov et al. found no rela-
tion between MPV and LVMI in essential hypertensive sub-
jects, similar to our study results [47].

There are also different results regarding correlation between
MPV and mean blood pressure in various clinical studies
[37,45,46]. Bath et al. reported that mean BP did not correlate
with MPV level in essential hypertension [45]. Moreover, Nadar
et al. found no significant correlations between reduction in
BP and changes in any markers of platelet activation, includ-
ing beta-thromboglobulin, soluble P-selectin, and MPV [46].
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Conversely, Inanc et al. [37] found a positive correlation of MPV
with ADBP and ASBP in essential hypertension. In our study, a
weak positive correlation was found between MPV level and
24-h ADBP and 24-h ASBP, as in the Inanc et al. study.

Platelet count was found to be higher in normotensive sub-
jects than in hypertensives in the present study. Shear stress
in hypertension causes endothelial injury, which may lead to
thrombus formation. This process may promote a decrease in
platelet count as a consequence of consumption and an in-
crease in MPV level in patients with sustained hypertension.
Although the relationship between MPV and platelet count is
unclear, several clinical studies reported an inverse associa-
tion between platelet volume and platelet count [19,20,48-50].

Study limitations

The present study has some limitations. First, this study had
a non-randomized retrospective design, and is from a single
center. Second, we excluded patients with clinically overt car-
diovascular disease (such as coronary artery disease, cerebro-
vascular disease, and renal failure); therefore, our results can-
not be extrapolated to all hypertensive subjects. Thirdly, our
study provides no information regarding long-term clinical out-
comes in patients with sustained hypertension.

Conclusions

We demonstrated that MPV level, as an indirect indicator of
platelet activation, was significantly higher in sustained hyper-
tensive patients as compared to normotensives, but there was
no significant difference between dippers and non-dippers sub-
groups. Also, we did not find any correlation between MPV and
24-h DBP, 24-h SBP, and LVMI among the 3 groups. MPV level
was not found to be correlated with the non-dipping pattern
of blood pressure and LVMI in patient with sustained hyperten-
sion. Elevated MPV level may be the possible mechanism be-
hind the raised cardiovascular risk in sustained hypertension.
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