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Abstract

Objective: Patients with resistant hypertension are at increased
risk for cardiovascular events. Mean platelet volume (MPV) is an ac-
cepted biomarker of platelet activation and considered as a risk fac-
tor for cardiovascular disease. The aim of this study was to determine
whether MPV levels are higher in resistant hypertensive (RHTN) pa-
tients than in controlled hypertensive (CHTN) patients and healthy
normotensive controls.

Materials and Methods: 279 consecutive patients were included in
this study. Patients were divided into three groups: Resistant hyper-
tension patient group [n=78; mean age 56.8+9.8; 42 males (53.8%)];
controlled hypertension patient group [n=121; mean age 54.1+9.6;
49 males (40.5%)]; and normotensive control group [n=80; mean age
49.8+8.5; 34 males (42.5%)]. Physical examination, laboratory work-
up, and 24-hour ambulatory blood pressure measurement (ABPM)
were performed in all participants.

Results: The mean platelet volume levels were significantly higher in
RHTN group than in the CHTN and normotensive groups (p<0.001).
In correlation analysis office systolic and diastolic blood pressure was
positively correlated with MPV.

Conclusion: Our study demonstrated that MPV, as an important in-
dicator of platelet activation, was statistically higher in RHTN patients
than in CHTN and in normotensive subjects. Elevated MPV levels may
help to determine a high risk group for atherosclerosis in RHTN pa-
tients.
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Ozet

Amag: Direncli hipertansif hastalar kardiyovaskiler olaylar agisindan
yuksek risk altindadir. Ortalama trombosit hacmi (MPV) trobosit ak-
tivasyonununu gosteren biomarker olarak kabul edilmistir ve kardi-
ovaskdler risk artisinin gostergelerindendir. Calismamizda direngli
hipertansif (RHTN) hastalarda kontrolli hipertansif (CHTN) ve nor-
motansif hastalara gore ortalama trombosit hacminin artis gdsterip
gostermediginin degerlendirilmesi amaclanmistir.

Gereg ve Yontem: Calismamizda toplamda 279 hasta alinmis olup (¢
gruba ayrilmistir. Bu gruplar direngli hipertansif grup [n=78; ortalama
yas 56,8+9,8; 42 erkek cinsiyet orani (%53,8)]; kontrolll hipertansif
grup [n=121; ortalama yas 54,1+9,6; 49 erkek cinsiyeti orani (%40,5)];
normotensif control grup [n=80; ortalama yas 49,8+8,5; 34 erkek cinsi-
yet orani (%42,5)] olarak tanimlanmistir. Biitlin hastalara fizik muayene,
laboratuvar tetkikleri,ambulatuar kan basing (ABPM) takibi yapilmistir.

Bulgular: Direncli hipertansif grupta ortalama trombosit hacmi
kontrolli hipertansif ve normotansif gruba gore istatistiksel olarak
anlamli olarak yiiksek saptanmistir (p<0,001). Korelasyon analizinde
ofis sistolik ve diastoliktansiyonlari ortalama trombosit hacmiyle po-
zitif korelasyon gostermekteydi.

Sonug: Calismamizda trombosit aktivasyonunun énemli belirteci olan
ortalama trombosit hacmi direncli hipertansif hastalarda diger grupla-
ra gore anlamli olarak yiiksek saptanmistir. Artmis ortalama trombosit
hacminin direngli hipertansif hastalarda atheroskleroz acisindan yuk-
sek riskli olanlari degerlendirmede kullanilabilecegi diistinilmektedir.

Anahtar Kelimeler: Direncli hipertansion, ortalama trombosit hac-
mi, kontrolll hipertansiyon

Introduction

Resistant hypertension (RHTN) is an increasingly com-
mon clinical problem that studies have suggested is almost

always heterogeneous in terms of etiology, risk factors and
comorbidities [1]. RHTN has an estimated prevalence of 10%
to 15% among all participants treated for hypertension [2]. It
is demonstrated that patients with resistant hypertension are
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more likely to have cardiovascular disease, manifest as stroke,
heart disease, or congestive heart failure when compared to
patients with more easily controlled hypertension [3, 4].
Previous studies have reported that increased platelet
activity is associated with cardiovascular morbidity and mor-
tality [5]. Mean platelet volume (MPV) is a marker of platelet
size and activation, and its increased level reflects active large
platelets. Some clinical studies have shown that active large
platelets contain denser granules, which are metabolically
and enzymatically more active than small ones and have a
higher thrombotic potential [6]. Increased MPV has been
found to be related with mortality after following acute myo-
cardial infarction and restenosis [7], and this finding has been
reported in hypertension background [8]. In this study, we
aimed to determine whether MPV levels were higher in RHTN
patients than in CHNT and healthy normotensive subjects.

Materials and Methods

Study Population

A total of 279 consecutive patients were enrolled in our
cross-sectional study. The study group consisted of 199 sus-
tained hypertensive patients with preserved left ventricular
(LV) ejection fraction (EF) and 80 normotensive healthy vol-
unteers [mean age 49.8+8.5; 34 males (42.5%)]. The patients
with sustained hypertension were divided into two groups
based on the results of ambulatory blood pressure monitor-
ing (ABPM). Of the 199 patients with sustained hyperten-
sion, 78 were RHTN [mean age 56.8+9.8; 42 males (53.8%)]
and 121 were CHTN [mean age 54.1+£9.6; 49 males (40.5%)].
Physical examination, laboratory work-up, and 24-hour ABPM
were performed for all participants. The exclusion criteria
of this study were secondary hypertension, heart failure,
recent myocardial infarction (MI), coronary artery bypass
surgery, stroke, peripheral vascular disease, valvular disease,
haemodynamically significant arrhythmias, angina pectoris,
chronic renal failure (serum creatine >1.5 mg/dL, blood urea
nitrogen >30 mg/dL), chronic liver diseases, thromboembolic
disorders, and haematological abnormalities. Patients who
were already on an antiplatelet therapy (acetylsalicylic acid
or clopidogrel) were also excluded. Informed consent was
obtained from the participants, and the study protocol was
approved by the local ethics committee.

Ambulatory Blood Pressure Monitoring

In this study, hypertension was defined as an untreated sys-
tolic blood pressure (SBP) =140 mm Hg and/or diastolic blood
pressure (DBP) =90 mm Hg in the sitting position on at least
three different occasions [9]. CHTN, defined as BP below 140/90
mmHg on three or fewer antihypertensive drugs; RHTN, defined
as uncontrolled blood pressure (BP) despite the use of >3 anti-

hypertensive agents from different classes or controlled BP with
the use of =4 agents [10]. Office BP readings were measured by
the physicians following a resting period of at least five minutes
with the participant remaining in a seated position. An average
of three consecutive measurements was taken at five-minute
intervals to determine the office SBP and DBP values.

The 24-hour ABPM was performed using a portable com-
pact digital recorder (Tonoport V, Milwaukee, GE Healthcare)
and an analyser using customised analytical software that
was programmed to measure the blood pressures at 15-min-
ute intervals, from 07:00 until 23:00, and at 30-minute inter-
vals 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 usual
daily activities, but to stay inactive during the measurements.
Recordings were accepted if more than 80% of the raw data
were valid.

For diagnosis of Diabetes mellitus (DM) and hyperlipidae-
mia (HL) American Diabetes Association and ATP 3 guidelines
were used [11, 12].

Blood Sampling

Blood samples were drawn from the antecubital vein
between 08.00 and 10.00 AM after overnight fasting into
standardised tubes containing dipotassium ethylenedinitro-
tetraacetic acid (EDTA) to be stored at room temperature. An
automatic blood counter (Beckman Coulter; Miami, FL, USA)
was used for the whole blood counting. MPV and other hae-
matologic parameters were measured within 30 minutes after
the blood collection. Other biochemical analyses were deter-
mined by standard methods.

Statistical Analysis

Statistical analyses were performed using SPSS software
version 17.0 for Windows (SPSS Inc.; Chicago, IL, USA). The
variables were investigated using visual (histograms, prob-
ability plots) and analytical (Kolmogorov-Smirnov) methods
to determine the normal distribution. Descriptive analyses
were presented using means and standard deviation. The cat-
egorical variables were expressed as numbers and percent-
ages. Numerical variables were compared using the one-way
ANOVA. Tukey’s tests were performed to test the significance
of pairwise differences by using the Bonferroni correction to
adjust for multiple comparisons. Categorical data were com-
pared with the chi-square test. Spearman’s correlation coeffi-
cients were used to assess the relationship between variables.
An overall 5% type | error level was used to infer statistical
significance.
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Results

The baseline demographic clinical and laboratory charac-
teristics of the RHTN, and CHTN patients and normotensives
were summarized in Table 1. Sex, smoking, DM, and biochem-
ical parameters, except for MPV, were not statistically different
among the groups. MPV, age, body mass index (BMI), office
systolic and diastolic blood pressure and drug utilization were
statistically significant among the groups.

In the subgroup analysis, BMI, except for CHTN and nor-
motensive group (p=0.715), was statistically significant
among other groups (for all group p<0.017). In the subgroup
analysis, age, except for RHTN and CHTN group (p=0.134), was
statistically significant among the groups (for all p<0.017). In
the subgroup analysis of office systolic and diastolic blood
pressure, both of them were statistically significant among
all groups (for all groups p<0.001). In the subgroup analysis,
MPV, except for CTHN and normotensive group (p=0.041),
was statistically significant among the groups (p<0.001).

As shown in Table 2, all ambulatory blood pressure mea-
surements were exhibiting statistically significance among
the groups.

In the subgroup analysis of the 24 hour systolic, daytime
systolic, night time systolic BP, all of them were statistically
significant among the groups (for all p<0.001). For 24 hour
diastolic blood pressure subgroup analysis, except for CHTN
and normotensive group (p=0.203), all group combinations
showed statistical significant differences (for all, p<0.001).
The subgroup analysis of daytime and night time DBP were
significantly different among the groups (p<0.001) statisti-
cally, except for CHTN and normotensive group (respectively;
p=0.464, p=0.306).

In the correlation analysis of MPV with other parameters
including sex, BMI, platelet count, creatinine, hematocrit, of-
fice systolic and diastolic blood pressure, only office systolic

and diastolic BP was positively correlated with MPV (Table 3).

Table 1. The Clinical and laboratory findings of RHTN, CHTN and control normotensive

groups
Resistant Controlled Normotensive
hypertension  hypertension Group p

(n=78) (n=121) (n=80) value
Age (year) 56.8+9.8 54.1+9.6 49.848.5 <0.001
Sex, (male %) 53.8 40.5 425 0.161
Body Mass Index (kg/m?)  31.4+5.2 28.945.1 28.4+5 <0.001
Creatinine (mg/dL) 0.89+0.25 0.87+0.35 0.72+0.17 0.186
HL (%) 436 37.2 325 0.352
Smokers (%) 38.5 33.1 26.3 0.259
Diabetes Mellitus (%) 24.4 21.5 13.8 0.219
Platelet count (10°) 268168 273172 268+70.6 0.863
Hematocrit (%) 40.8+3.8 40.5+3.9 40.2+3.6 0.656
ARB+ACE (%) 100 66.9 - <0.001
CCB (%) 923 33.1 - <0.001
BB (%) 62.8 347 - <0.001
Diuretics (%) 100 48.8 - 0.001
Office Systolic Blood 173.6+£14.8 135.9+13 120.1+8.8 <0.001
Pressure, mean+SD
(mmHg)
Office Diastolic Blood 94.1+9.6 80.6+7 76.7+7.4 <0.001
Pressure, mean+SD
(mmHg)
MPV (fL) 8.97+0.99 8.46+0.84 8.17+£0.63 <0.001
ARB: angiotensin receptor blockers; ACE: angiotensin converting enzyme blockers; CCB: calcium
channel blockers; BB: beta blocker; HL: hyperlipidemia; MPV: mean platelet volume
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Table 2. Ambulatory blood pressure characteristics and comparison between RHTN and

CHTN and normotensive groups

Resistant Controlled  Normotensive
hypertension hypertension Group p

(n=78) (n=121) (n=80) value
24 Hour SBP, mean+SD 160.5+17 123.5+7.8 118%10 <0.001
(mmHg)
24 Hour DBP, mean+SD 96.4+12 76.2+5.2 74.1+£6.9 <0.001
(mmHg)
Day Time SBP mean+SD 162.2+17.5 125.2+8.3 120.3+10.6  <0.001
(mmHg)
Day Time DBP mean+SD 99.6+17.8 78.1£5.5 76.3+7 <0.001
(mmHg)
Night Time SBP mean+SD  150.6+18.9 116.7+8.5 110.3£10.6  <0.001
(mmHg)
Night Time SBP mean+SD  88.9+16.9 69.7+6.55 67.5+8.6 <0.001
(mmHg)
SBP: systolic blood pressure; DBP: diastolic blood pressure; SD: standart deviation

Table 3. The relationship between MPV and clinical, laboratory
findings and office blood pressure measurements

Spearman correlation analysis
r p

Age 0.024 0.686
Office SBP 0.199 0.001
Office DBP 0.172 0.004
Sex 0.077 0.199
BMI 0.068 0.260
Platelet -0.372 <0.001
Creatinine -0.093 0.120
Hematocrit 0.42 0.484
BMI: body mass index; SBP: systolic blood pressure; DBP: diastolic
blood pressure

Discussion

Two main findings emerged from this study. First, MPV
levels were significantly higher in the RHTN group than in the
CHTN and normotensive groups. Second, MPV levels were
correlated with office systolic and diastolic blood pressure
ABPM recordings.

MPV is one of the important platelet production indices
that may relate to platelet function. It has been shown that
platelet size, measured as MPV, correlates with their reactivity
[13]. Larger and hyperreactive platelets accelerate intracoro-
nary thrombus formation, which leads to a cascade of clinical

events, such as acute coronary syndromes [14]. Some studies
have reported a relationship between MPV and hypertension
in different patient groups. Nadar et al. [15] demonstrated
that hypertensive patients with target organ damage includ-
ing stroke, previous MI, angina microalbuminuria/proteinuria,
and left ventricular hypertrophy, had higher MPV levels than
hypertensive patients without target organ damage.

Patients with resistant hypertension have a high preva-
lence of cardiac and extracardiac target organ damage
with an increased prevalence of left ventricular hypertro-
phy, carotid intima-media thickness, more advanced retinal
involvement, and greater urinary albumin excretion com-
pared to patients with well-controlled hypertension [16].
Observational studies have shown that RHTN is associated
with an increased risk of cardiovascular events as compared
to non-resistant HTN [17]. Increased platelet activation has
been shown in hypertensive patients [18]. Shear forces, the
renin-angiotensin system, endothelial dysfunction, elevated
catecholamine levels, and the presence of comorbid con-
ditions promotes the increased activation of platelets in
hypertensive patients [19]. RHTN patients exhibit impairment
of the autonomic system that includes abnormal parasym-
pathetic and increased sympathetic nervous system activity
[20]. This increase in sympathetic nervous system in RHTN
occurs by different mechanisms. First of all, RHTN patients
tend to have higher body mass index (BMI) as observed in
our study. In obese patients several mechanisms proposed
to explain sympathetic nervous system activation; increased
leptin concentration, hyperinsulinemia, decreased arterial
baroreflex sensitivity, elevated plasma angiotensin, obesity-
related kidney disease and lack of exercise [21]. Furthermore
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it was demonstrated that individuals with RHT without
primary hyperaldosteronism have higher aldosterone levels
than normal population [22]. The adverse effect of aldoste-
rone excess causes sympathetic activation by stimulation of
mineralocorticoid receptors in the paraventricular nuclei [23].

The effects of an over-activated sympathetic nervous sys-
tem on the haemostatic system occur in two ways. First, plate-
let activation via alpha2-adrenoreceptor stimulation which
[24] causes shape change and thereby increases MPV [25, 26].
Second, larger, activated platelets which are sequestered in
the spleen [27] can be released into the circulatory system fol-
lowing the elevated levels of adrenaline [27] that contribute
to increased MPV levels; this might be the first mechanism of
how RHTN promotes the increased levels of MPV.

It has been demonstrated that RHTN patients have
increased susceptibility of developing cardiovascular damage
compared to normal population [28]. The exact mechanism
by which RHTN increases cardiovascular risk is unknown,
but two hypotheses have been postulated; firstly RHTN have
likely had a more severe or prolonged elevations in BP over
time compared to the patients with non-resistant HTN, and
RHTN is reflective of adverse processes (e.g. increased renin-
angiotensin system stimulation and aldosterone production,
increased arterial stiffness, shear stress and atherosclerotic
disease) that have been linked with increased cardiovascu-
lar risk [29, 30]. Moreover platelet activation resulting from
increased oxidation, and shear stress, which were repre-
sented in hypertensive patients, might be second possible
mechanism linking the RHTN with the elevated MPV [31]. Our
study confirms the suggestion of the increase in MPV levels
in hypertensive subjects especially in RHTN. This increase
in MPV in the RHTN patient group might be related to the
increased target organ damage, inflammation, and increased
platelet activation [32]. This is the first study to demonstrate
a relationship between the RHTN and MPV levels.

Study Limitations

This is a single-centre study with a relatively small study
population, both of which limit the power of our research
findings. In addition, our study provides no information
regarding long-term outcomes of the patient groups. We
also excluded the patients with clinically overt cardiovascular
disease (such as coronary artery disease, cerebrovascular dis-
ease, and renal failure), and therefore, our results cannot be
extrapolated to all hypertensive subjects.

In conclusion our study showed that MPV, as important in-
dicators of platelet activation, was statistically higher in RHTN
patients than in CHTN and in normotensive subjects. MPV lev-
els were positively correlated with office systolic and diastolic
blood pressure. Elevated MPV levels may help to determine a
high risk group for atherosclerosis in RHTN patients.
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