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Long-Term Prognostic Value of Mean Platelet
Volume in Patients with Hypertension

Hamdi Pusuroglu,® Ahmet Yasar Cizgici," Ali Riza Demir," Begum Uygur® and Ender Ozal’

Background: Although it has been shown that high mean platelet volume (MPV) is associated with target organ
damage in hypertensive patients, the relationship between MPV and the development of long-term major adverse
cardiovascular events (MACE) has not been thoroughly investigated. In this study, we investigated the relationship
between MPV and long-term MACE in hypertensive patients.

Methods: From September 2011 to July 2017, 1507 patients with hypertension were included in this study. Ambulatory
blood pressure monitoring was performed in all patients. Patients with chronic renal failure, cardiovascular disease,
chronic systemic disease and white coat hypertension were excluded from the study. MACE were defined as
myocardial infarction, stroke and cardiovascular mortality. Patients were followed-up until january 2020.

Results: The mean follow-up duration was 87 (83.3 + 24.4) months, and 876 patients completed the study. MACE
developed in 79 patients, while 797 patients were event-free. In univariate Cox regression analysis, age, diabetes
mellitus (DM), MPV, creatinine, 24-hour systolic blood pressure, and non-dipper hypertension were found to be
associated with the development of MACE. In multivariate Cox regression analysis, creatinine and 24-hour systolic
blood pressure lost significance, and age, DM, non-dipper hypertension and MPV were found to be independent
predictors for MACE development (p < 0.001, p <0.001, p = 0.044, and p = 0.049, respectively).

Conclusions: MPV, age, DM, and non-dipper hypertension were independent predictors of long-term MACE in

hypertensive patients.
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INTRODUCTION

Mean platelet volume (MPV) is an indirect finding of
platelet activation and is affected by many conditions
such as diabetes mellitus (DM) and atherosclerosis.” A
high MPV value may reflect the presence of active large
platelets which contain more dense granules that are
metabolically and enzymatically more active than small
ones, leading to high thrombus burden lesions that re-
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sult in fatal or non-fatal cardiovascular events.” Platelet
activity is increased in essential hypertension.® The de-
velopment of target organ damage in hypertensive pa-
tients is a predictor of cardiovascular events, and previ-
ous studies have shown that increased MPV values are
associated with target organ damage.”

In a large study, MPV values were found to be higher
in unstable angina patients compared to patients with
stable angina.’ In another study conducted with coro-
nary artery disease (CAD) patients, it was shown that a
high MPV was an independent predictor of myocardial
infarction (M) and mortality.® Contrary to these studies,
some studies have not shown a difference between he-
althy subjects and MI patients in terms of MPV, and
MPV was not found to be an independent predictor of
mortality in long-term follow-up after (VIRG

Although many studies in the literature have investi-
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gated the relationship between MPV and target organ
damage, non-dipper hypertension, malignant and resis-
tant hypertension in hypertensive patients, few studies
have investigated its relationship with the development
of long-term major adverse cardiovascular events (MACE).
The aim of this study was to investigate whether there
was a relationship between MVP and long-term MACE
development in hypertensive patients.

METHODS

Patient selection

This study was a single center prospective cohort
study. Starting from September 2011 to July 2017, a to-
tal of 1539 patients with a previous diagnosis of hyper-
tension and under antihypertensive treatment with an
office blood pressure (OBP) > 140/90 in at least two
measurements in the outpatient clinic were included in
this study. Blood pressure (BP) was measured by a physi-
cian using auscultatory or oscillometric semiautomatic
or automatic sphygmomanometers, after the patients

had relaxed in a seated position for at least 5 minutes.
BP was measured three times and recorded as the aver-
age of the last two readings. The patients were followed-
up until january 2020. Echocardiography and ambula-
tory blood pressure monitoring (ABPM) were performed
in all patients. Medical history, physical examination
findings and anthropometric measurements of the pa-
tients were recorded by an experienced cardiologist. The
local ethics committee approved the study protocol and
informed consent was obtained from all patients.

The exclusion criteria of this study were secondary
hypertension, heart failure (HF), CAD, stroke, moderate-
to-severe valvular disease, chronic renal failure (CRF),
chronic systemic diseases and white-coat hypertension.
Twenty-five patients with secondary hypertension, 152
with white-coat hypertension, 234 with chronic ischemic
heart disease, congestive HF, CRF, moderate to severe val-
vular heart disease, stroke and chronic systemic diseases
were excluded from the study. Another 252 patients were
excluded due to missing clinical or laboratory findings or
could not be reached during follow-up (Figure 1). There-
fore, a total of 876 patients completed this study.

1539 patients with hypertension

Exclusion criteria (n:663)
25 patients with secondary
hypertension
234 patients with CAD, HF, CRF
moderate-severe valvuler disease,
chronic systemic disease
252 patients with missing laboratory
and clinical data

152 White coat hypertension

876 patients with hypertension

79 patients with MACE

Figure 1.
cular events.

505

797 patients without MACE

Selection of study participants. CAD, coronary artery disease; CRF, chronic renal failure; HF, heart failure; MACE, major adverse cardiovas-
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Definitions

Hypertension was defined as an OBP of > 140/90
mmHg and 24-h ABPM > 130/90 mmHg, a mean day-
time ABPM of > 135/85 mmHg, nighttime mean ABPM
of > 120/70 mmHg, or the active use of antihypertensive
drugs.® White-coat hypertension was defined as an ele-
vated OBP at repeated visits and normal BP on ABPM.
Diabetes was defined based on the American Diabetes
Association criteria [fasting serum glucose > 126 mg/dL
(7 mmol/L), or non-fasting glucose > 200 mg/dL (11.1
mmol/L), or active use of anti-diabetic treatment].10
Body mass index was calculated as weight in kilograms/
(height in meters)?, and estimated glomerular filtration
rate (eGFR) was calculated using the chronic kidney dis-
ease epidemiology collaboration formula.'! Urinary al-
bumin was expressed in milligrams per gram (mg/g).
Albuminuria was defined as an albumin/creatinine (A/C)
ratio of 30 mg/g or higher, and stratified into two groups
of microalbuminuria and macroalbuminuria with A/C ra-
tios of 30-299 mg/g and 300 mg/g or higher, respec-
tively. CRF was defined as an eGFR < 60 ml/min/1.73
m?’, which was estimated using the CKD-epidemiology
collaboration formula. Ml was defined according to the
universal definition of MI.'” Cardiovascular mortality
was defined as unexplained sudden death, death due to
acute MI, heart failure, or arrhythmia. Stroke was de-
fined as the sudden onset of a focal neurologic deficit in
a location consistent with the territory of a major cere-
bral artery, and the diagnosis of ischemic or hemorrhagic
stroke was confirmed by computed tomography or mag-
netic resonance imaging. MACE were defined as Ml,
stroke and cardiovascular mortality (CV mortality). Non-
dippers were those with a nocturnal decrease in systolic
blood pressure (SBP) of less than 10% of daytime, and
dippers were those with a 10% or larger decline in SBP
during the nighttime."

Echocardiographic examinations

Echocardiographic examinations were performed by
a cardiologist using a Vivid 7 system (General Electric
Vivid 7 GE Vingmend Ultrasound AS, Horten, Norway).
The left ventricular (LV) mass in grams was calculated
from M-mode echocardiograms according to the for-
mula described by Devereux et al.™ LV mass was in-
dexed to body surface area as LV mass index (LVMI) in

g/m’.
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Ambulatory blood pressure monitoring (ABPM)

ABPM was performed for 24 h using an ambulatory
blood pressure monitor (Tonoport V, GE Healthcare).
The monitor was programmed to measure the blood
pressure every 20 min. Daytime and nighttime blood
pressure was defined as measurements from 07:00 to
23:00 and from 23:00 to 07:00, respectively.

Blood sampling

Blood samples were taken in the morning after a
12-hour fasting at the first admission to the hospital.
MPV was measured from the blood samples collected
in ethylenediaminetetraacetic acid (EDTA) tubes, which
were analyzed with an automated hematology analysis
system (Mindray BC5800). 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. Standard labora-
tory parameters, including total leukocyte and neutro-
phil counts, hematocrit, glucose and creatinine levels
and lipid profiles were measured.

Study end-points and follow-up

The primary end-point of the study was the devel-
opment of long-term MACE. Patients were followed up
in the outpatient clinics at least once a year. Data of the
patients who could not come to the the follow-up visits,
were collected by themselves or relatives or family phy-
sicians by phone interviews, and other hospital records.
Survival data were obtained from the electronic hospital
system or National Population Registry.

Statistical analysis

Statistical analysis was performed using SPSS soft-
ware version 20. The variables were investigated using
visual (histograms, probability plots) and analytical me-
thods (Kolmogorov-Smirnov) to determine whether they
were normally distributed. Descriptive analyses were
presented using means and standard deviations (SD) for
normally distributed variables, medians and maximum-
minimum values for non-normally distributed variables,
and percentages for categorical variables. Chi-square,
Student’s t, and Mann-Whitney U tests were used where
appropriate. Spearman correlation analysis was performed
to determine the association of MPV with the examined
variables. Receiver operating characteristic (ROC) curves
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were used to determine the MVP cut-off values. The pa-
rameters which were statistically different between the
two groups and may be related to MACE such as age,
gender (male), DM, body mass index (BMI), smoking,
hematocrit, platelets, glucose, total cholesterol, trigly-
cerides, urinary albumin to creatinine ratio (UACR), of-
fice SBP, office diastolic blood pressure, 24-h SBP, 24-h
diastolic blood pressure and non-dipper hypertension
were evaluated in univariate analysis, and multivariate
analysis was performed for the variables with a p value
< 0.05 in univariate analysis. Although they were signifi-
cant in the univariate analysis, due to the association
between glucose and DM, and office SBP and 24-h-SBP,
they were not included in the multivariate analysis. Fi-
nally, multiple Cox regression analyses were performed
to identify the significance of the relationships between
MACE and MPV, age, diabetes, creatinine, non-dipper
hypertension and 24-h SBP. Event-free survival curves
were constructed using the Kaplan-Meier method and
compared using the log-rank test. An overall 5% type-I
error level was used to infer statistical significance.

RESULTS

A total of 876 patients were included in the study, of
whom 44.3% were male. The mean follow-up duration
was 87 (83.3 + 24.4) months. At the end of the study,
MACE developed in 79 patients. Thirty-four patients had
myocardial infarction, 32 patients had stroke, and 18
died due to CV causes (Figure 2). All-cause mortality was
recorded in 28 patients. In ROC curve analysis, an MPV
value of 9.65 fL was identified as an effective cut-off to
predict MACE at 87 months [area under the curve: 0.629,
95% confidence interval (Cl) 0.56 to 0.85, p < 0.001]

10% 9.0%

8% I

6% |

o
5 , 4.1% 3.7%
‘ | 2.1%
2% : I
0% _ L e
MI Stroke CV Mortality MACE

Figure 2. Major cardiovascular events rate in study. CV, cardiovas-

cular; MACE, major adverse cardiovascular event; MI, myocardial in-
farction.

(Figure 3). The patients were divided into a high MPV
group (> 9.65 fL; n = 154) and low MPV group (< 9.65 fL;
n = 722) accordingly (Table 1). Age, DM, glucose, UACR,
and office SBP were significantly higher in the high MPV
group (Table 1). The usage of antihypertensive agents
and statins was higher in the high MPV group (Table 1).
Hematocrit and platelet count were lower in the high
MPV group (Table 1). Other laboratory values and de-
mographics were similar in the two groups (Table 1).
The mean value of MPV was 8.59 + 1.31 fL, including 8.8
fL in the patients with MlI, 9.4 fL in those with stroke,
10.38 fL in those who died from CV causes, and 9.33 fL
in the MACE group (Figure 4).

Linear correlations were detected between age, LVMI,
UACR, office SBP, office diastolic blood pressure and MPV,
while a reverse correlation was found between hema-
tocrit and platelet count (Table 2).

In univariate Cox regression analysis, while age, DM,
MPV, creatinine, glucose, 24-h SBP, office SBP, and non-
dipper hypertension were found to be associated with
MACE development, creatinine and 24-h SBP lost signifi-
cance. In multivariate logistic regression analysis, only
age, DM, non-dipper hypertension and MPV were found
to be independent predictors of MACE development
(Table 3). The Kaplan-Meier survival plot for MACE at 87

1‘0 _1‘
0,87
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=
=
@ 0.4
175]
i
0 P<0.001
‘ AUC: 0.629
[ 95% CT: 0.558-701
0,0 . . . .
0,0 0,2 0.4 0,6 0.8 1,0
1 - Specificity
Figure 3. The receiver operating characteristic (ROC) curve with re-

gard to MACE, at 87 months, for MPV with area under curve of 0.629.
AUC, area under curve; Cl, confidence interval;, MACE, major adverse
cardiovascular events; MPV, mean platelet volume.
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Table 1. Baseline characteristics, laboratory findings of the study population

N = 876 MPV < 9.65 fL (N = 722) MPV > 9.65 fL (N = 154) p

Age (years) 52.7+10.8 55.6 £13.0 0.004
Sex (male) 329 (45.9%) 60 (39.7%) 0.167
BMI (kg/m?) 30.6 5.0 31.2+5.5 0.257
Smoking 88 (20.8%) 29 (25.9%) 0.242
Diabetes mellitus 114 (16.2%) 51 (33.6%) <0.001
Heart rate 75.2+12.7 75.0+14.9 0.936
LVMI (g/m?) 98.3+24.8 103.0+31.6 0.114
Hematocrit, % 41.7+4.6 40.4+5.1 0.003
Platelets, x 103/u| 273.4+72.3 235.1+72.2 <0.001
Leukocytes, x 103/ul 7.66+1.91 7.72£2.07 0.733
Neutrophils, x 103/u| 457+1.41 4.68+1.71 0.385
Creatinine (mg/dl) 0.80 (0.70-0.90) 0.80 (0.70-0.99) 0.138
Glucose (mg/dl) 99 (91-111) 118 (97-164) <0.001
Total — cholesterol (mg/dl) 204.3+409 201.3+40.3 0.432
HDL - cholesterol (mg/dl) 47.1+12.7 48.9+15.5 0.144
LDL — cholesterol (mg/dl) 129.7 £34.9 1249 +£40.8 0.146
Triglycerides (mg/dl) 141 (101-207) 145 (102-209) 0.843
Uric acid 5.44+1.42 5.63+1.59 0.216
UACR (mg/g) 0.020 (0.005-0.099) 0.133 (0.014-0.822) <0.001
ACE-ARB 301 (68.7%) 92 (78.0%) 0.050
ccB 187 (42.8%) 65 (55.1%) 0.017
BB 152 (34.9%) 52 (44.1%) 0.066
Diuretic 225 (51.5%) 84 (71.2%) <0.001
Other antihypertensives 52 (11.9%) 29 (24.6%) 0.001
ASA 81 (18.7%) 37 (31.9%) 0.002
Statin 42 (9.7%) 24 (21.2%) 0.001
Office SBP (mmHg) 159.9 + 30.1 167.2 £ 24.6 0.046
Office DBP (mmHg) 90.5+11.7 92.8+11.3 0.109
24-h-SBP (mmHg) 1443 +18.2 143.4+16.3 0.572
24-h-DBP (mmHg) 89.6 +12.5 87.8+13.0 0.137
Non-dipper hypertension 409 (61.5%) 87 (64.4%) 0.521

ACE, angiotensin-converting enzyme; ARB, angiotensin-receptor blockers; ASA, acetylsalicylic acid; BB, beta-blockers; BMI, bady
mass index; CCB, calcium channel blockers; DBP, diastolic blood pressure; HDL; high-density lipoprotein; HT, hypertension; LDL,
low-density lipoprotein; LVMI, left ventricular mass index; MPV, mean platelet volume; SBP, systolic blood pressure; UACR, urinary

albumin to creatinine ratio.

11,0
10.38

10,0

9.11
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Figure 4. Mean platelet volume levels in major cardiovascular events.

CV, cardiovascular; MACE, major adverse cardiovascular event including

myocardial infarction, stroke, cardiovascular mortality; MI, myocardial

infarction.
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months is presented in Figure 5.

DISCUSSION

Mean platelet volume is an important platelet pro-
duction index that may be indirectly related to platelet
function. Furthermore, previous studies have reported
that MPV was significantly higher in hypertensive pati-
ents than in normotensive subjects.” Shear forces, renin-
angiotensin system, endothelial dysfunction, elevated
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Table 2. Correlation between selected covariates and MVP

r p
Age (years) 0.086 0.014
BMI (kg/m2) 0.012 0.787
Heart rate 0.025 0.708
LVMI (g/m?) 0.098 0.030
Hematocrit, % -0.085 0.014
Platelets, x 10°/ul -0.261 <0.001
Leukocytes, x 10°/pl -0.022 0.536
Neutrophils, x 10%/pl -0.001 0.988
Creatinine (mg/dl) 0.033 0.355
Glucose (mg/dl) 0.033 0.352
Total — cholesterol (mg/dl) -0.031 0.405
HDL — cholesterol (mg/dl) 0.034 0.340
LDL — cholesterol (mg/dl) -0.028 0.434
Triglyceride (mg/dl) -0.028 0.436
Uric acid 0.058 0.165
UACR (mg/g) 0.254 <0.001
Office SBP (mmHg) 0.155 0.039
Office DBP (mmHg) 0.128 0.021
24-h-SBP (mmHg) 0.002 0.963
24-h-DBP (mmHg) -0.013 0.708

BMI, bady mass index; DBP, diastolic blood pressure; HDL,

high-density lipoprotein; HT, hypertension; LDL, low-density

lipoprotein; LVMI, left ventricular mass index; MPV, mean

platelet volume; SBP, systolic blood pressure; UACR, urinary

albumin to creatinine ratio.

catecholamines levels and presence of co-morbid condi-
tions promote increased activation of platelets in hyper-
tensive settings.15

LVMI and albuminuria are markers of target organ
damage in hypertensive patients and are associated
with the development of CV events.*® Many studies have
investigated the relationship of MPV with LVMI and al-
buminuria, some of which have found relationships be-

Survival Functions
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Figure 5. MACE rations of subgroups in 87 months follow-up. MACE,
major adverse cardiovascular events; MPV, mean platelet volume.

Table 3. Univariate and multivariate Cox regression analysis of MACE

Univariate analysis

Multivariate analysis

HR (95% Cl)

p-value HR (95% Cl) p-value

Age (years)

Sex (male)

Diabetes mellitus

BMI (kg/m?)

Smoking

Hematocrit, %

Platelets, x 103/ul

MPV

Creatinine (mg/dl)
Glucose (mg/dl)

Total — cholesterol (mg/dl)
Triglycerides (mg/dl)
UACR (mg/g)

Office SBP (mmHg)
Office DBP (mmHg)
24-h-SBP (mmHg)
24-h-DBP (mmHg)
Non-dipper hypertension

1.067 (1.046-1.089)
1.028 (0.656-1.610)
6.078 (3.877-9.527)
1.035 (0.985-1.089)
1.167 (0.624-2.181)
0.981 (0.956-1.037)
1.000 (0.997-1.003)
1.512 (1.300-1.758)
1.437 (1.030-2.007)
1.010 (1.007-1.013)
0.998 (0.992-1.004)
1.002 (1.000-1.003)
1.071 (0.944-1.216)
1.012 (1.003-1.021)
1.016 (0.994-1.039)
1.018 (1.006-1.031)
0.995 (0.976-1.014)
2.851 (1.527-5.324)

<0.001 1.052 (1.026-1.079) <0.001
0.905
<0.001 5.219 (3.008-9.055) <0.001
0.176
0.629
0.238
0.932
<0.001 1.183 (1.001-1.401) 0.049
0.033 0.793 (0.425-1.480) 0.467
<0.001
0.481
0.077
0.286
0.011
0.152
0.004 1.012 (0.995-1.029) 0.166
0.604
0.001 2.202 (1.020-4.755) 0.044

BMI, bady mass index; Cl, confidence interval; DBP, diastolic blood pressure; HR, hazard ratio; HT, hypertension; MACE, major
adverse cardiovascular events; MPV, mean platelet volume; SBP, systolic blood pressure; UACR, urinary albumin to creatinine ratio.
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tween MPV and LVMI and UACR, while others have not.'”*8
We found that MPV was associated with albuminuria
and weakly correlated with LVMI.

In the study conducted by Ismail et al., MPV was not
found to be associated with 1-year CV mortality in pa-
tients with STEMI, while in contrast, Martin et al. re-
ported that a high MPV was associated with mortality
and MI development in patients with MI.”*° Martin sug-
gested that MPV is an independent risk factor for the
development of recurrent MI, and that MPV is not cor-
related with traditional coronary artery disease risk fac-
tors such as white cell count, blood lipids, and blood
pressure. In a meta-analysis conducted by Zhongxiu et
al., increased MPV was found to be associated with the
development of long-term CV events in patients who
underwent percutaneous coronary interventions.”® Ad-
ditionally, in studies investigating stroke patients, MPV
was found to be higher in the stroke patients than in the
control group, and MPV was also associated with stroke
severity and 1-year mortality.”** Although many studies
have investigated MPV in hypertensive patients, few
studies have investigated the effect of MPV on the de-
velopment of long-term CV events. Different from previ-
ous studies on hypertensive patients, the effect of MPV
on the development of long-term CV events was investi-
gated in the present study, and we found that MPV was
an independent risk factor for the development of CV
events. Age and DM, which are traditional CV risk fac-
tors, were also found to be independent predictors of
CV event development in this study.

Shear stress in hypertension causes endothelial da-
mage resulting in thrombus formation. As a result, in hy-
pertensive patients, due to the consumption of small
platelets, the number of thrombocytes decreases and
MPV increases.” In a few studies, a reverse relationship
has been found between MPV and platelet count.? In the
present study, a reverse correlation was found between
MPV and platelet count.

Hypertension is the most common cause of chronic
renal failure after diabetes. High creatinine values are
also associated with the development of CV events, es-
pecially if the eGFR is below 60 ml/min/1.73 m2. The
greater the reduction in renal function, the greater the
likelihood of CV event development.24 In this study, we
did not find an independent relationship between creat-
inine levels and CV event development, since we did not

Acta Cardiol Sin 2021;37:504-511

include patients with an eGFR below 60 ml/min/1.73 m”.

Twenty-four-hour ambulatory blood pressure has
been shown to be a better predictor of target organ
damage, coronary morbidity, mortality, and stroke than
OBP.” Previous studies have indicated that SBP has a
greater association with mortality than diastolic blood
pressure.”® In this study, office SBP and 24-h SBP values
were found to be associated with the development of
MACE.

In most previous studies, non-dipper hypertension
has been associated with the development of CV events
in hypertensive patien‘cs.27'28 Furthermore, non-dipper
hypertension was found to be an independent predictor
of the development of MACE in this study.

Limitations

Since this study is a single center study, bias is possi-
ble in the evaluation of the results. In addition, this
study enrolled patients who were previously diagnosed
with hypertension and received antihypertensive treat-
ment, and patients who were seen in the outpatient
clinic for the first time and had high blood pressures in
both office and ABPM. Therefore, patients with white
coat hypertension and masked hypertension may not be
sufficiently represented in this study. Also, we excluded
patients with clinically overt CV diseases (such as coro-
nary artery disease, cerebrovascular disease, and renal
failure). Therefore, our results cannot be extrapolated to
all hypertensive subjects. Moreover, we did not evaluate
leukocyte activation markers, high-sensitivity C-reactive
protein and other proinflammatory cytokines. Finally,
MPV values was recorded on the first day the patients
participated in the study, and we did not investigate
changes in MPV values over time or the relationship be-
tween the changes and event development.

CONCLUSIONS

In conclusion, although MPV was not as strong a
predictor as traditional CV risk factors such as age and
DM, it was independently associated with the develop-
ment of CV events. MPV is a cheap and easily available
test that is routinely used in hypertension treatment
practice. Therefore, it could be used for risk stratifica-
tion, follow-up and treatment of hypertensive patients.
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