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Haci Kaymaz, MD3, Mehmet Fatih Alpay, MD4,
Rukiye Nar, MD5, Aydın Guclu, MD6, Akif Arslan, MD2,
and Abdullah Dogan, MD7

Abstract
Familial hypercholesterolemia (FH) is a genetic disorder of lipoprotein metabolism and increases the risk of premature cardio-
vascular diseases. In patients with FH, platelet function may be activated; however, the extent of this activation and its etiology are
unclear. We aimed to evaluate the mean platelet volume (MPV), a marker of platelet activation, in patients with FH. The study
group consisted of 164 patients with FH and 160 control patients. Controls were matched for age, gender, hypertension, and
smoking. The MPV was significantly higher in patients with FH than in controls (9.2 + 0.4 vs 7.9 + 0.6 fL, respectively; P < .001).
Platelet count was significantly lower among patients with FH when compared to control patients (259 + 51 vs 272 + 56� 103/L,
respectively; P ¼ .03). In linear regression analysis, MPV was independently associated only with total cholesterol (b ¼ .6, 95%
confidence interval: 0.004-0.008, P < .001). We have shown that MPV was increased in patients with FH and that it was
independently associated with total cholesterol level.
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Introduction

Familial hypercholesterolemia (FH) is a genetic disorder

with autosomal dominant trait and characterized as severe

elevations in plasma total and low-density lipoprotein

cholesterol (LDL-C) levels. Familial hypercholesterolemia

increases the risk of cardiovascular disease (CVD) in the

early stages of life.1,2 Accelerated atherosclerosis is a feature

of FH.3 Familial hypercholesterolemia can also be associated

with impaired endothelial function, increased intima–media

thickness, platelet hyperactivity, and prothrombotic state.4-7

Evidence from several studies suggest increased platelet

activity and shortened platelet survival in patients with FH.7-9

Platelet activation has a crucial role in the pathogenesis of

atherosclerotic lesion and cardiovascular events in patients

with FH.10

There has been an increasing interest in the mean platelet

volume (MPV) as a new cardiovascular risk factor.11 An ele-

vated MPV is considered as an indicator of larger and more

reactive platelets.12,13 There is evidence that larger platelets are

metabolically and enzymatically more active and have a

greater prothrombotic potential.14 Some studies have demon-

strated increased coagulation activity and platelet function in

patients with hyperlipidemia.7,8,15,16 Therefore, we aimed to

investigate the platelet indices including MPV and platelet

count in patients with FH.

Methods

Study Population

The study group consisted of 164 consecutive patients with FH

(87 females, mean age ¼ 39.6 + 11.6 years) and 160 normo-

lipidemic controls (89 females, mean age ¼ 38.4 + 9.9 years)

matched for age, gender, smoking, and hypertension. Familial

hypercholesterolemia was defined according to the Dutch

Lipid Network Clinical Criteria outlined by the World Health

Organization.17 This cross-sectional study was conducted at

2 medical centers, namely, Ahi Evran University and Suleyman

Demirel University in Turkey between 2010 and 2014. Male
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Atilla Icli, Ahi Evran Üniversitesi Tıp Fakültesi, Kardiyoloji ABD, 40100 Kırşehir,
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and female patients aged 18 years or older with a first diagno-

sis of FH were eligible for inclusion in the present study.

Fifty-two patients were not included in this study since they

had exclusion criteria (see subsequently). Blood samples for

platelet indices were taken before starting any antilipidemic

agent. A complete medical history and physical examination

were obtained from all participants. Data collected on the

demographic and clinical characteristics of the patients

included age, history of CVD, hypertension, type 2 diabetes

mellitus, smoking status, and findings on physical examina-

tion. Body mass index was calculated as body weight (kg)

divided by the square of height (m2). Secondary causes of

hypercholesterolemia were excluded, including nephrotic

syndrome, liver disease, hypothyroidism, and diabetes melli-

tus. In addition, other exclusion criteria were as follows: left

ventricular systolic dysfunction, known coronary artery dis-

ease, acute coronary syndrome, atrial fibrillation, history of

renal or liver disease, malignancy, hematological disorders,

acute or chronic infection, current use of lipid-lowering

agents, current stroke, and consumption of >30 g alcohol/d.

The study was approved by the local ethics committee, and all

patients gave their informed consent.

Biochemical Measurements

Blood samples were drawn from the antecubital vein by care-

ful vein puncture with a 21-G sterile syringe without stasis at

08:00 to 10:00 hours after a fasting period of 12 hours. Blood

samples were collected as described earlier into EDTA and

citrate vacutainers. Total cholesterol, high-density lipoprotein

cholesterol, and triglycerides were measured by a commer-

cially available enzymatic colorimetric assay (Roche, Basel,

Switzerland). The LDL-C levels were calculated by the

Friedewald formula.18 The MPV was measured in a blood

sample collected in dipotassium EDTA tubes (Vacuette) within

30 minutes to prevent EDTA-induced swelling. An automatic

blood counter (Beckman-Coulter Co, Miami, Florida) was used

for whole blood counts. Glucose, creatinine, and the other

blood profiles were determined by standard methods.

Statistical Analysis

Data were analyzed using the SPSS software version 15.0 for

Windows (SPSS Inc, Chicago, Illinois). Continuous variables

were reported as mean + standard deviation and categorical

variables as percentage. The Student t test or Mann-Whitney

U test was used to compare continuous variables when

appropriate. Categorical variables were compared with the

chi-square test. In addition, correlation analysis was performed

to identify the relationship of MPV with other variables. Vari-

ables showing correlation with MPV at a level of significance

of P < .05 were included into the linear regression analysis and

were made to determine the independent association between

MPV and confounders. These variables were hypertension,

smoking, platelet count, total cholesterol, and LDL-C. Statisti-

cal significance was defined as a 2-tailed P < .05.

Results

Clinical features and laboratory findings of the FH and control

groups are summarized in Table 1. There were no statistically

significant differences between the 2 groups in respect of age,

gender, smoking, systolic and diastolic blood pressures, and

levels of glucose, creatinine, hemoglobin level, and white

blood cell count. The MPV was significantly higher among

patients with FH when compared to controls (9.2 + 0.4 vs

7.9 + 0.6 fL, P < .001). In contrast, platelet count was signif-

icantly lower in patients with FH compared to controls (259 +
51 vs 272 + 56 � 103/L, P ¼ .03, Table 2). In the correlation

analysis, MPV was positively correlated with total cholesterol

(r ¼ .73, P < .001) and LDL-C (r ¼ .71, P < .001) and

negatively correlated with platelet count (r ¼ �.35, P < .001;

Table 3). Of these variables, total cholesterol (b¼ .6, 95% con-

fidence interval: 0.004-0.008, P < .001) was independently

associated with MPV in linear regression analysis.

Table 1. Demographic and Clinical Characteristics of Patients With
FH and Controls.a

Patients With FH,
n ¼ 164

Controls,
n ¼ 160

P
Value

Age, years 39.6 + 11.6 38.4 + 9.9 .32
Sex (M/F) 77/87 71/89 .64
BMI, kg/m2 28.8 + 3.3 28.1 + 4 .08
SBP, mm Hg 126.6 + 8.8 125.1 + 11.4 .15
DBP, mm Hg 80.4 + 5.5 79.5 + 5.9 .16
Heart rate, beats/min 72 + 7.4 70.9 + 6.1 .14
Hypertension, n (%) 13 (7.9) 15 (9.4) .64
Smoking, n (%) 17 (10.4) 20 (12.5) .54
Aspirin, n (%) 22 (13.4) 13 (8.1) .12

Abbreviations: FH, familial hypercholesterolemia; M/F, male to female; BMI,
body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure.
aP value is for comparison between control and study population.

Table 2. Comparison of Laboratory Characteristics in Patients With
FH and Controls.

Variables
Patients With FH,

n ¼ 164
Controls,
n ¼ 160

P
Value

Glucose, mg/dL 99 + 43 99 + 11 .91
Creatinine, mg/dL 0.86 + 0.2 0.87 + 0.1 .85
Total cholesterol, mg/dL 362 + 43 198 + 33 <.001
Triglycerides, mg/dL 158 + 58 148 + 64 .11
LDL-cholesterol, mg/dL 282 + 40 123 + 43 <.001
HDL-cholesterol, mg/dL 48 + 10 46 + 9 .12
AST, IU/L 30 + 10 29 + 12 .33
ALT, IU/L 27 + 13 28 + 12 .45
WBC, �103 cells/mL 7.72 + 1.90 7.45 + 1.39 .14
Hemoglobin, g/dL 14.3 + 1.1 14.1 + 1.1 .13
Platelet count, �103 cells/mL 259 + 51 272 + 56 .03
MPV, fL 9.2 + 0.4 7.9 + 0.6 <.001

Abbreviations: ALT, alanine transaminase; AST, aspartate transaminase; FH,
familial hypercholesterolemia; WBC, white blood cell; LDL, low-density lipo-
protein; HDL, high-density lipoprotein MPV, mean platelet volume.
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Discussion

We showed that MPV was significantly higher and indepen-

dently associated with total cholesterol level in patients with

FH compared to control participants. This may reflect platelet

activation in these patients.

In FH, there are severe elevations in plasma total cholesterol

and LDL-C levels, and FH leads to premature atherosclerosis

and cardiovascular events at an early age.1,3 High plasma cho-

lesterol levels will also enhance the expression of cellular adhe-

sion molecules, proinflammatory genes, and cytokines, leading

to a low-grade systemic inflammatory status.19 In addition,

patients with FH have endothelial dysfunction.4,5,19

Some studies have demonstrated increased coagulation

activity and platelet function in patients with hyperlipide-

mia.6,7,20,21 Also, it has been suggested that FH alone may

induce platelet activation and lead to prothrombotic state.6,8,16

As a simple marker, MPV is considered to reflect platelet reac-

tivity or activation.13,22 Larger platelets are metabolically more

reactive than smaller ones. Reactive platelets contain more pro-

thrombotic material, with increased thromboxane A2 and B2

per unit volume and glycoprotein (Gp) IIb to IIIa receptor

expression with greater aggregability in response to adenosine

diphosphate and decreased inhibition of aggregation by prosta-

cyclin in vitro.11,23 Similarly, larger platelets create a tendency

to the development of thrombosis. Accordingly, there has been

increasing evidence that MPV may be a new cardiovascular

risk factor and that the increased platelet activity may be asso-

ciated with severity of atherosclerosis and greater risk of cardi-

ovascular events.11,14

Previous studies have reported that elevated MPV can

increase the risk of short- and long-term adverse cardiovascular

outcome in patients with established CVD.11,14 Furthermore,

higher MPV is observed in thromboembolic events and coron-

ary artery disease, hypertension, diabetes mellitus, hypercho-

lesterolemia, and smoking, suggesting a common mechanism

by which these factors may increase the risk of CVD.14,24,25

Platelet survival is one of the most reliable parameters of in

vivo platelet activation reflecting the influence of various pro-

and antiaggregatory effects.26 Platelet survival and platelet

counts have been reported to be significantly reduced in

patients with FH.27 This is an indicative of increased platelet

turnover in FH and assuming that larger immature platelets pre-

dominate in this condition.28 In the present study, we observed

that platelet count was reduced in patients with FH. In the other

hand, MPV was elevated in the same patients.

Previous studies have showed that FH can result in subclini-

cal inflammation, impaired endothelial function, and increased

intima–media thickness.4,5 In addition, plasma high-sensitivity

C-reactive protein (hsCRP) levels have been reported to be

increased in children with FH.29 Inflammation itself may influ-

ence megakaryocyte ploidy and lead to the production of more

reactive and larger platelets.30 The MPV has been shown to be

significantly correlated with hsCRP levels in patients with

hypertension.31 Accordingly, it can be suggested that endothe-

lial dysfunction and inflammation may contribute to elevation

in MPV in patients with FH by stimulating the megakaryocyte

ploidy.

P-selectin is known as platelet adhesion and activation

molecule related to pathogenesis of atherothrombosis.32 Guar-

damagna et al have demonstrated that there is a strong and sig-

nificant association between P-selectin and plasma lipid levels

in patients with FH.33 Similarly, it is reported that elevated

MPV can be associated with increased thromboxane A2 and

B2 concentrations and higher expression of adhesion mole-

cules, such as P-selectin and GpIIb/IIIa.12,14

Pirich et al have shown that dietary supplementation with fish

oil containing small amounts of n-3 and n-6 fatty acids resulted

in prolongation of platelet survival and the decrease in platelet

activity in patients with hypercholesterolemia. In addition,

LDL-C levels were reduced by the supplementation.34 Similarly,

lowering of the LDL-C levels by regular LDL-apheresis can

decrease platelet aggregability and prolong platelet survival.15,35

That study provides indirect support to our results.

Jagroop et al have reported that platelet cholesterol (PC) can

be correlated with serum LDL-C cholesterol. They have sug-

gested that the increase in PC content may affect platelet mem-

brane fluidity, thereby resulting in platelet hyperactivity. Their

study also supports our findings showing that high circulating

cholesterol levels may be associated with the increased MPV

reflecting platelet hyperactivity.36

Limitations of the Study

First, study data were collected from 2 centers. Second, we did

not carry out a power analysis for inclusion of patients, since

we did not have any data on which to base such a calculation.

Third, we selected the patients with first diagnosis of FH and

who did not receive any lipid-lowering agent. Thus, selection

bias may have occurred.

In conclusion, our findings suggest that MPV was elevated

in patients with FH compared to controls and that was associ-

ated with total cholesterol level. Because larger platelets are

more active, and thereby prone to adhesion and aggregation,

patients with FH having elevated MPV may have a higher risk

of atherothrombotic cardiac events. Thus, such patients may

need effective antiplatelet therapy in addition to intensive

lipid-lowering treatment.
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