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Association between mean platelet volume and

hypertension incidence

Li Gang!, Zhang Yanyan', Zhu Zhongwei? and Du Juan?

Mean platelet volume (MPV) is increased in various cardiovascular diseases. We sought to determine the prognostic value of
MPV for hypertension. We performed a retrospective cohort study. Baseline characteristics were measured in 9168 individuals
without hypertension, and the follow-up period was 9 years. Hypertension was confirmed in 2881 participants during the follow-
up period. When the participants were grouped according to MPV quartiles, the hazard ratio of future hypertension gradually
increased across the MPV quartiles. The hazard ratios of hypertension for the Il, Ill and IV (high) vs. | (low) quartiles of

MPV were 1.13 (95% confidence interval (CI) 1.01-1.25, P=0.027), 1.25 (95% CI 1.12-1.39, P<0.001) and 1.40 (95%

Cl 1.26-1.55, P<0.001), respectively. In multivariate Cox regression analysis, MPV predicted hypertension independently of
age, sex, platelet count, waist circumference, drinking, systolic blood pressure and creatinine levels. The present study indicated
that elevated MPV is associated with increased incidence of hypertension independent of other risk factors, which suggests that

platelet activity may play a role in hypertension incidence.
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INTRODUCTION
Platelet activity plays an essential role in atherothrombosis, the
principal risk of most cardiovascular diseases.! The pathogenesis of
occlusive arterial disease involves platelet activation at thrombus lesion
sites, pathological exaggeration and dysregulation through the
mechanisms involved in the protection of hemostasis.! Anti-platelet
drugs have been widely used in the clinical treatment of cardiovascular
and cerebrovascular diseases and have been demonstrated to be very
effective at reducing adverse outcomes such as myocardial infarction,
stroke and death.! Mean platelet volume (MPV) is a marker of platelet
size in complete blood counts and reflects platelet activity.? In past
decades, the association between elevated MPV and increased cardi-
ovascular events has been demonstrated by a number of studies.®
Hypertension affects more than one-quarter of Chinese individuals
and is the one of the leading causes of stroke and death.* The
incidence of hypertension has dramatically risen in recent years,
especially in the middle-aged and elderly populations, posing an
enormous economic and medical care burden on both society and the
national medical insurance system. The main risk factors for
hypertension have been identified as genetics, the environment,
endocrine,” mental stress, obesity, poor diet, drinking habits, sex,
ethnicity and age. However, the role of platelet activation in
cardiovascular events has led us to speculate that it may be associated
with hypertension. In fact, previous studies have found elevated

MPV  values in resistant hypertension® and non-dipper

hypertension.” However, whether an elevated MPV can independently
predict future risk for hypertension has not been noted in
the literature. In the present study, we evaluated whether elevated
MPV could independently predict future risk for hypertension.

METHODS

Study participants

The investigation is an ongoing cohort study. This investigation was approved
by Zhenhai Lianhua Hospital Medical Science Research Ethics Committee.
Written informed consent was received from all participants. The study
participants include community residents. The individuals were consecutively
referred to our hospital for annual routine medical checkups from January 2006
to December 2015. Between January 2006 and December 2006, a total of 12 707
individuals, including 8425 men and women 4282 aged 19-87 years (median of
44 vyears), self-reported their personal health information, including medical
history, family history, smoking status and alcohol consumption. Then, their
height, weight and blood pressure were measured, and blood specimens were
provided for hematological and biochemical testing. A family history of
hypertension was defined as having a father or mother with hypertension.

Of the 12 707 candidate participants, a total of 3539 were excluded due to
one or more of the following conditions: (1) self-reported hypertension, use of
antihypertensive medication or hypertension diagnosed by routine medical
check-up at baseline (1=1874); (2) platelet count <100x10°1"! or
>350x 107171 (n=231); (3) serious illness (1=35); (4) loss during follow-
up (n="751); and (5) missing values for any covariates of interest (n="742).
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Table 1 Baseline characteristics of the entire population (n=9168)

Quartile of MPV

/ 1 " 1%
< 9.8fl (h=2374) 9.9-10.6 fl (n=2389) P 10.7-11.5fl (h=2148) P > 11.6 fl (h=2257) P P for trend
Gender, M/F 1751/623 1595/794 1341/807 1293/964 <0.001
Age, years 37 (31-4b) 40 (33-50) <0.001 43 (34-53) <0.001 45 (36-54) <0.001 <0.001
SBP, mm Hg 117 (110-126) 117 (108-126) 0.265 119 (110-127) 0.065 119 (110-127) 0.001 <0.001
DBP, mm Hg 75 (69-80) 75 (69-80) 0.936 75 (69-81) 0.151 75 (70-81) 0.006 0.002
Body mass index, kg m—2 22.4 (20.5-28.0) 22.6 (20.6-24.5) 0.364 22.8 (20.8-24.6) 0.804 22.8 (20.8-24.8) 0.373 0.624
Waist circumference, cm 78 (71-84) 78 (72-84) 0.711 78 (72-85) 0.129 78 (72-84) 0.982 0.564
Total cholesterol, mmol -1 4.70 (4.12-5.32) 4.74 (4.15-5.40) 0.003 4.73 (4.18-5.37) <0.001 4.77 (4.20-5.43) <0.001 <0.001
Triglyceride, mmol 1-1 1.25(0.88-1.84) 1.20 (0.87-1.76) 0.019 1.21 (0.89-1.79) 0.246 1.20(0.87-1.75) 0.049 0.124
Glucose, mmol 1-1 4.41 (4.13-4.73) 4.44 (4.13-4.77) 0.347 4.44 (4.16-4.81) 0.011 4.51 (4.18-4.89) <0.001 <0.001
HDL-C, mmol I-1 1.26 (1.08-1.54) 1.29 (1.09-1.57) 0.003 1.31 (1.09-1.63) <0.001 1.37(1.11-1.68) <0.001 <0.001
Uric acid, mmol -1 337 (275-393) 319 (264-377) <0.001 319 (259-378) <0.001 312 (253-374) <0.001 <0.001
Creatinine, pmol 1-1 74 (64-82) 72 (61-80) 0.001 70 (59-80) <0.001 69 (567-79) <0.001 <0.001
platelet, 109 |-1 218 (189-249) 202 (175-232) <0.001 188 (165-219) <0.001 162 (139-190) <0.001 <0.001
PDW, % 10.4 (9.9-10.8) 11.6 (11.2-12.0) <0.001 12.5(12.1-12.8) <0.001 14.0(13.3-15.1) <0.001 <0.001
Smoking, % 21.1 19.8 19.2 16.1 <0.001
Drinking, % 4.9 4.3 3.9 3.6 0.054
Hypertension family history, % 29.2 27 27.6 27.7 0.447
Hyperlipidemia, % 29.5 33.2 32.3 33.7 0.006
Diabetes, % 3.2 3.3 3.8 5.6 <0.001

Abbreviations: DBP, diastolic blood pressure; HDL-C, high-density lipoprotein cholesterol; PDW, platelet distribution width; SBP, systolic blood pressure.
Differences in the study variables across MPV quartiles were tested by one-way ANOVA (for continuous variables), the y°test (for categorical variables). Differences vs. the lowest quartile of MPV are
evaluated by least significant difference test. Variables was expressed as media (25th-75th). Significance level was set at P<0.05.

After exclusion, the study cohort consisted of 9168 individuals, including
5980 men and 3188 women aged 20-87 years (median of 42 years).

Over the next 9 years, the participants who were diagnosed with hyperten-
sion by their attending physician at their annual routine medical checkups had
their diagnoses confirmed. According to Chinese guidelines for the manage-
ment of hypertension, hypertension was defined as systolic blood pressure
(SBP) of 140 mm Hg or higher and diastolic blood pressure of 90 mm Hg or
higher. Participants who had an SBP of 140 mm Hg or higher or diastolic blood
pressure of 90 mm Hg or higher but denied having hypertension were
scheduled for a repeat measurement.

The hospital record room and the Department of Chronic Non-commu-
nicable Diseases were contacted for the available supporting documentation.
Some participants were confirmed as having prevalent hypertension or initiated
antihypertensive medication, and participants who were confirmed to have
secondary hypertension were excluded.

Laboratory procedures
The laboratory procedures and methods have previously been described
elsewhere.® Hematological testing was performed on the Advia 120
(Bayer Diagnostics, Newbury, UK), an automated hematology analyzer.
Biochemical parameters (glucose, total cholesterol, triglycerides, high-density
lipoprotein cholesterol, uric acid and creatinine) were evaluated by enzymatic
techniques in an AU640 Olympus Auto Analyzer (Olympus, Tokyo, Japan).
Height, weight and waist circumference were measured at the screening
center by two trained nurses, and body mass index was equal to weight divided
by squared height (kg m ). An Omron HEM-1000 (OMRON, Dalian, China)
was used to measure blood pressure after the subjects rested for 5 min in
a sitting position in a quiet room.

Statistical analysis

Data were expressed as the median (25th—75th) or counts. For normality tests,
skewed variables (triglycerides) were logarithmically transformed to improve
normality prior to analysis. Normally distributed continuous variables were
compared by one-way ANOVA (followed by the least significant difference test
for multiple comparisons between groups). For categorical variables, the
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differences between groups were examined using the 3> test. Cox proportional
hazards regression was used to determine the incidence of hypertension.
Potential confounding factors such as sex, age, waist circumference, drinking
status, platelet count, SBP and creatinine levels were used as covariates in the
Cox model. Potential interactions between exposure variables were tested by
interaction terms in the Cox models. Statistical analyses were performed using
the statistical package SPSS version 19.0 (SPSS, Chicago, IL, USA). The level of
statistical significance was set at P<0.05.

RESULTS

Based on the MPV values, the participants were categorized into
quartiles, and the baseline characteristics of this investigation are
presented in Table 1. Age and the percentage of women increased as
MPYV increased. Accordingly, the percentage of smoking and drinking
as well as creatinine concentrations decreased as MPV increased.
Individuals in the highest MPV quartile had higher mean SBP,
diastolic blood pressure, and glucose and total cholesterol concentra-
tions than individuals in the lowest MPV quartile; they also had the
highest percentage of hyperlipidemia and diabetes. Body mass index,
waist circumference and triglyceride levels were not significantly
different among the MPV quartiles.

A total of 2881 subjects were identified as new hypertensive
patients during follow-up. As expected, those who developed hyper-
tension had higher MPV (10.7 (10.0-11.7) vs. 10.5 (9.8-11.5) fl),
SBP (126 (119-132) vs. 114 (107-122) mm Hg) and diastolic blood
pressure (80 (75-85) vs. 73 (68—78) mm Hg) at baseline; all P-values
<0.001.

The incidence of hypertension was significantly higher in subjects
with high MPV at baseline (Figure 1). Similar results were found when
the participants were stratified by age (<60 and > 60 years; Figure 2).

The hazard ratio (HR) for future hypertension steadily increased
across the MPV quartiles. The HRs for hypertension in quartiles II,
II and IV vs. quartile T of MPV were 1.13 (95% confidence interval
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Figure 1 Incidence of hypertension in relation to quartiles of MPV. A full
color version of this figure is available at Hypertension Research journal
online.

(CI) 1.01-1.25, P=0.027), 1.25 (95% CI 1.12-1.39, P<0.001) and
1.40 (95% CI 1.26-1.55, P<0.001), respectively. Data are shown in
Table 2. The HR between MPV and the incidence of hypertension
remained significant after adjustments for age, sex, waist circumfer-
ence, drinking status, platelet count, and SBP and creatinine levels
(HR=1.30, 95% CI 1.13-1.48, P<0.001).

There was a significant interaction between MPV and age at
baseline. We determined the HR for incident hypertension among
participants with an age < or > 60 years. As shown in Figure 3, after
adjustments for the above-mentioned risk factors, the HRs for
hypertension in quartiles II, III and IV relative to the HR in quartile
I in the under-60 year subgroup were 1.16 (95% CI 1.02-1.33,
P=0.028), 1.16 (95% CI 1.01-1.33, P=0.036) and 1.24 (95% CI
1.07-1.44, P=0.004), respectively, and the HRs for hypertension in
the > 60-year subgroup were 1.05 (95% CI 0.82-1.34, P=0.692), 1.30
(95% CI 1.02-1.65, P=0.033) and 1.35 (95% CI 1.07-1.70,
P=0.014), respectively.

Since elevated MPV is associated with a decrease in platelet
count, the association between platelet count and hypertension
was evaluated. Sex, age, waist circumference, drinking status,
and SBP and creatinine levels were used as covariates in the
Cox model, after adjustment for the above-mentioned risk factors,
the HRs for hypertension in quartiles 1T (164-193x10°171),
Il (194-227x10°171) and IV (228-350%10°171) relative to
the HR in quartile T (100-164x 10°171) of the platelet count were
1.04 (95% CI 0.92-1.17, P=0.515), 1.07 (95% CI 0.95-1.20,
P=0.270) and 1.12 (95% CI 0.99-1.26, P=0.055), respectively. The
association between MPV and hypertension was investigated within
the quartiles of platelet count (Table 3). After adjustment for the
above-mentioned risk factors, the highest MPV was significantly
related to an increased incidence of hypertension, although this
difference had only borderline significance in the highest platelet
count subgroup.

DISCUSSION

In the current investigation, individuals with elevated MPV values had
a significantly higher risk of developing hypertension during the 9-year
follow-up period. The difference remains significant even after
adjusting for multivariate confounding factors.
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Many indexes of platelet function have appeared as underlying
prognostic markers of cardiovascular disease. However, most of
the techniques used to analyze platelet activity are costly and
time-consuming, and require specialized techniques.!® In contrast to
these methods, an approach considering MPV could be easily and
cheaply made available. Elevated MPV indicates the presence of larger,
more reactive platelets.” Larger and activated platelets secrete more
prothrombotic material and express more substances than small
platelets, which accelerate the formation of thrombus and increase
the risk for several diseases. In fact, over the past decade,
an accumulating body of evidence has demonstrated that MPV is
a predictive marker for stroke!! and coronary artery disease.'?

Platelet count and platelet parameters such as platelet distribution
width are usually measured along with MPV, and significant differ-
ences have been observed in thrombosis and cardiovascular events as
well as MPV.1314 However, no reports concerning these two indices
have been found for hypertension. Compared with platelet count and
platelet distribution width, MPV seems to be very stable and has
more associated discoveries in recent studies. Martin et al.'> found that
MPV remains unchanged in patients with acute myocardial infarction
at 6 weeks after treatment, indicating that MPV is less susceptible to
short-term health conditions and treatment. Furthermore, platelet
inhibitors such as aspirin have not been found to affect MPV.!617
Hypoglycemic or hypolipidemic decreases the MPV as well as plasma
glucose level'® or cholesterol levels.!” Hundreds of participants of this
study are taking hypoglycemic agent or hypolipidemic agent, may
decrease the association between MPV and hypertension incidence,
because individuals with diabetes or dyslipidemia have higher hyper-
tension incidence even on treat. Changes in MPV are chronic rather
than abrupt, which is another indication that it correlates with chronic
diseases such as hypertension.

To the best of our knowledge, this study is the first to examine the
association between MPV and hypertension incidence in a large
cohort. Several previous studies have reported that MPV seems to
be correlated with hypertension. A small case—control study has
reported higher MPV in individuals with hypertension compared
with those with prehypertension, and individuals with prehypertension
have higher MPV values than do normotensive individuals.?’ Another
recent, small case—control study investigated resistant hypertension
and showed that MPV values in cases of resistant hypertension are
higher than those in controlled-hypertensive cases or in normotensive
cases.” Similar results have likewise been found in gestational
hypertension.?! These studies have shown that MPV is positively
correlated with blood pressure. However, studies have not demon-
strated that the MPV can independently predict hypertension. The
results of our study of originally non-hypertensive individuals from
a large population-based sample of community dwellers show that
individuals with increased MPV had a noticeably greater risk of
developing hypertension.

The present investigation found a causal relationship of MPV with
the development of hypertension and may provide insight to enhance
our comprehension of the pathophysiology of hypertension. Larger
and activated platelets have been found to possess greater aggregability
in response to adenosine diphosphate,?> which may accelerate the
formation of thrombus through mechanical blockage; combined with
hypoxia, it may cause arterial contractions, leading to increased
resistance in circulation. Platelet clumps are also a possible stimulator
for capillary vessels to contract. However, these presumptions will
need to be demonstrated in future studies, and extending this
investigation to find the determinants of MPV in individuals with
hypertension will be beneficial.
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Figure 2 Incidence of hypertension in relation to quartiles of MPV stratified by age. A full color version of this figure is available at Hypertension Research

journal online.

Table 2 Incidence of hypertension in relation to quartiles of mean platelet volume

/ I 1 v
<98 9.9-10.6 10.7-11.5 >116 P for
(h=2374) (h=2389) P (h=2148) P (h=2257) P trend
Incident hypertension 646 725 714 796
Crude analysis, Hazard ratios (95% CI) 1.0 1.13(1.01-1.25) 0.027 1.25(1.12-1.39) <0.001 1.40 (1.26-1.55) <0.001 <0.001
Model 1-adjusted analysis, Hazard ratios (95% CI) 1.0 1.05(0.94-1.17) 0.393 1.16(1.04-1.29) 0.010 1.37(1.22-1.55) <0.001 <0.001
Model 2-adjusted analysis, Hazard ratios (95% Cl) 1.0 1.03 (0.92-1.14) 0.623 1.13(1.01-1.26) 0.034 1.35(1.20-1.52) <0.001 <0.001
Model 3-adjusted analysis, Hazard ratios (95% CI) 1.0 1.07 (0.96-1.19) 0.230 1.11 (0.99-1.28) 0.068 1.32(1.17-1.49) <0.001 <0.001
Model 4-adjusted analysis, Hazard ratios (95% Cl) 1.0 1.11 (0.99-1.26) 0.077 1.10(0.98-1.24) 0.108 1.30(1.13-1.48) <0.001 0.002

Model 1 was adjusted for age, sex and platelet count; Model 2 was adjusted for age, sex, platelet count and waist circumference; Model 3 was adjusted for age, sex, platelet count, waist
circumference and systolic blood pressure; Model 4 was adjusted for age, sex, platelet count, waist circumference, drinking, and systolic blood pressure and creatinine. Abbreviation: Cl, confidence

interval. Significance level was set at P<0.05.

Age<60 years

167 m hazard ratio
o
= 1.4 4
wn
=i
2 12
©
S
°
©
N 1.0 4 ]
1+
T

0.8 T T T T 1

0 1 2 3 4 5

Quartile of MPV
Figure 3 Hazard ratio of hypertension across MPV quartiles stratified by age.

Although the potential mechanism of elevated MPV in hypertensive
individuals is not fully clear, many risk factors for hypertension have
been found to be positively correlated with MPV. Obese individuals
have elevated MPV values.?> Elevated MPV values have also been
reported to correlate with a higher prevalence of metabolic
syndrome.?* In the present investigation, positive correlations were
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found between MPV and the prevalence of hyperlipidemia. Further-
more, inflammation may induce platelet activation, which increases
MPV.% Cytokines such as interleukin-6 are a possible regulator of the
increases in MPV caused by megakaryocyte ploidy.?® Inflammatory
markers such as C-reactive protein and interleukin-6 have been
reported to be independently predictive of hypertension.?”>?
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Table 3 Incidence of hypertension in relation to quartiles of mean platelet volume, by quartiles of platelet

i 1 P 11 P v P P for trend
Quartile of platelet
Ql (100-164x10°1-1), n=2336 1.0 1.07 (0.87-1.33) 0.512 1.27 (1.01-1.59) 0.038 1.28 (1.05-1.57) 0.015 0.045
Q2 (164-193x 107 1-1), n=2314 1.0 1.12 (0.90-1.39) 0.311 1.12 (0.89-1.41) 0.324 1.38(1.11-1.72) 0.004 0.029
Q3 (194-227x10°1-1), n=2284 1.0 1.03 (0.83-1.29) 0.764 1.13 (0.92-1.40) 0.242 1.27 (1.03-1.58) 0.028 0.119
Q4 (228-350x10°1-1), n=2234 1.0 1.06 (0.82-1.36) 0.663 1.15 (0.89-1.49) 0.279 1.28 (1.00-1.64) 0.053 0.208

Data are presented as hazard ratio (95% confidence interval) for incident hypertension. Significance level was set at P<0.05.

Long-term poor sleep quality may increase both MPV values and
hypertension incidence.?®?° These factors may contribute to the
association between MPV and hypertension.

When participants were stratified by platelet count, the highest
MPV was significantly associated with an increased incidence of
hypertension. However, borderline statistical significance was present
in the highest platelet-count subgroup. There are markedly negative
correlations between platelet count and MPV. The MPV value in the
subgroup in the highest quartile of platelet counts is significantly lower
than that in the subgroups in the low or medium quartile of platelet
counts and is associated with a lower incidence of hypertension.
Another finding of the present study was the significant and positive
relationship between MPV and age. However, after adjustment for
multivariate confounding factors, a significant association between
increased MPV and an increased risk of developing hypertension was
found in the analysis that was stratified by age.

To decrease the risk of confounding effects, we adjusted for
multivariate confounding factors that are known to influence the risk
of hypertension. Other factors such as glucose, total cholesterol, high-
density lipoprotein cholesterol,’! uric acid,> smoking, body mass
index and triglycerides®® were also selected for inclusion in the fully
adjusted model that considered these factors correlated with blood
pressure levels in former studies but that were not included in the list
of covariates. These factors were included into the fully adjusted model
but did not distinctly alter the association of elevated MPV and the
increased risk of hypertension. The adjustment for multivariate
confounding factors allowed us to ensure that these associations are
substantial and compelling. However, it should be acknowledged that
because of the limitations of epidemiological studies, we cannot
establish whether MPV is a marker or a mediator of hypertension.

Several limitations of this study should be noted. First, it is possible
that a small group of individuals whose hypertension was undetected
at enrollment and a small group of secondary-hypertensive subjects
included in the cohort might have introduced bias into our results.
However, our hospital is responsible for the health care of
the inhabitants of this community and contains the health records
of almost all inhabitants. Hypertensive patients were registered
and received medical services at the Department of Chronic
Non-communicable Diseases of our hospital. Therefore, this possibi-
lity is infinitesimal. Second, some lifestyle factors, such as salt intake
and frequency of exercise, were not adjusted for. However, no
published reports have indicated that these factors are correlated with
MPV. Third, no information regarding hypoglycemic or hypolipi-
demic was available to evaluate the impact on the association between
MPV and hypertension incidence. Finally, because this cohort was
composed of southern Chinese individuals, our results may not be
generalized to other ethnic groups.

Despite these limitations, this study has its strengths. First, this
cohort includes almost all the inhabitants of an entire community,
and the study followed up with patients for more than a mean time

of 9 years, which is potentially representative of the adult residents in
the region of southern China. Second, MPV has been observed to
increase in a time-dependent manner.>* In our clinical laboratory, all
whole-blood samples were processed and analyzed by uniform
methods for all assays, and the testing was completed within 1 h.

In summary, elevated MPV is associated with a higher incidence of
hypertension in this population-based cohort study. This finding
suggests that platelet activity may play a role in the development of
hypertension. Further studies are needed to seek the determinants of
MPV in individuals with hypertension and to evaluate whether
remedial revision of this indicator can improve care for hypertensive
patients.
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