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Determinants of mean platelet volume (MPV) in an elderly 
population: Relevance of body fat, blood glucose and ischaemic 
electrocardiographic changes 

Antonio Muscari1, Susanna De Pascalis1, Andrea Cenni1, Cosimo Ludovico1, Nicola Castaldini1, Serafina Antonelli2, 
Giampaolo Bianchi1, Donatella Magalotti1, Marco Zoli1 
1Department of Internal Medicine, Aging and Nephrological Diseases, University of Bologna, Italy; 2Laboratory of the Azienda USL Bologna, 

Bologna, Italy 

Summary 
Mean platelet volume (MPV) is increased in patients with coron-
ary heart disease or at risk for stroke. However, MPV deter-
minants have never been assessed in a population study. The 
present investigation is a cross-sectional study involving 366 
non-selected subjects (both sexes, mean age 72.9 ± 5.5 [1 SD] 
years). The main cardiovascular risk factors, several indexes of 
adiposity (including percent body fat as estimated by skinfold 
measurement, and ultrasound detection of hepatic steatosis and 
thickness of abdominal subcutaneous and visceral fat) and is-
chaemic electrocardiographic (ECG) changes were assessed in 
all subjects. Platelet parameters were determined by a Bayer 
ADVIA 120 counter. In addition to being associated directly with 
platelet distribution width (PDW) and inversely with platelet 
count (p<0.0001 for both), MPV values were associated with 
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subcutaneous abdominal fat (p=0.02), fasting blood glucose 
(p=0.002) and the prevalence of ischaemic ECG changes 
(p=0.004), and tended to be higher in the subjects with a greater 
prevalence of hepatic steatosis (p=0.07) and higher Homeosta-
sis Model Assessment (HOMA) index (p=0.09). In multiple logis-
tic regression, of the non-platelet parameters only percent body 
fat (p=0.006), ischaemic ECG changes (p=0.01) and blood glu-
cose (p=0.03) remained independently associated with an MPV 
≥8.4 fl (high tertile). The relative risk (odds ratio) of having is-
chaemic ECG changes for the subjects with MPV ≥8.4 fl was 4.2 
(95% confidence interval: 2.5–7.1; p=0.006) with respect to the 
subjects with lower MPV values. Blood glucose, percent body fat 
and ischaemic ECG changes were the main MPV determinants in 
our elderly population. 
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Introduction 

Mean platelet volume (MPV) is arousing increasing interest as 
an independent risk factor of atherosclerotic disease. Several 
studies have documented its association with acute myocardial 
infarction (1, 2) and its prognosis (3), with coronary athero-
sclerosis (4), the presence and the short-term prognosis of stroke 
(5, 6) and the long-term risk of stroke (7). MPV measurement 
has now become a routine procedure in many laboratories, and 
its value is increasingly reported among the standard parameters 
of the whole blood count. 

Platelets are anucleate cells whose size mainly depends on 
the degree of fragmentation of megakaryocytes, the bone mar-
row progenitor cells (8). Large platelets have a greater content of 
granules, and can therefore exert their haemostatic, vasomotor 

and pro-inflammatory functions with greater efficacy (9, 10). 
Due to these properties, besides behaving as risk markers, large 
platelets might play a particularly active role in atherosclerotic 
disease and its ensuing acute events. 

Although an MPV increase may take place during acute myo-
cardial ischemia (11), it may also precede ischaemic events by 
several years (7), which prompts one to search for the factors that 
can trigger the production of large platelets. Starting several years 
ago, a few case-control studies have documented some associ-
ations of MPV with type 2 diabetes mellitus (12–15) and other 
risk factors (16–19). However, no population study has been per-
formed until now to systematically search for MPV determinants. 

Our investigation was therefore aimed at testing the possible 
associations of MPV with a wide series of risk factors, within a 
non-selected elderly population. 
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Methods 

Subjects 
The Pianoro Study is a wide epidemiological investigation 
aimed at ascertaining the effects of lifestyle and several risk fac-
tors on cardiovascular events and surrogate end-points, in a 
population of elderly Italians. The study is still in progress, and 
the first follow-up analysis is planned for 2008. The character-
istics of the Pianoro Study and of the participating population, as 
well as the differences with respect to non-participants, have 
been described in detail elsewhere (20). Briefly, all 3,255 sub-
jects aged ≥65 years resident in the Pianoro municipality (North-
ern Italy) were invited to participate in the study and to fill in a 
validated questionnaire. A total of 1,163 of them agreed to come 
to our offices to perform a medical examination, a fasting blood 
sampling, a series of anthropometric measurements, a standard 
electrocardiogram, an abdominal ultrasound scan and to show 
the documentation concerning previous cardiovascular events. 
In June 2004, while the recruitment of these subjects was on-
going, the central laboratory acquired the new ADVIA 120 
counter, which allowed an accurate estimation of platelet param-
eters. The results are thus reported here concerning the 366 sub-
jects, 178 men and 188 women, for whom these platelet param-
eters, as well as all the main potential MPV determinants, were 
available. 

The study was approved by the Institutional Ethics Commit-
tee, and all participants provided their written informed consent. 

Main variables 
The subjects treated with anti-hypertensive drugs or with sys-
tolic blood pressure ≥140 mmHg and/or diastolic blood pressure 
≥90 mmHg were considered hypertensive. 

The subjects with fasting blood glucose ≥7.0 mM (126 mg/
dl) or treated with insulin or anti-diabetes drugs were considered 
diabetic. 

The diagnosis of metabolic syndrome was performed ac-
cording to the National Cholesterol Education Program, Adult 
Panel III criteria (21). 

The subjects treated with 3-hydroxy-3-methylglutaryl 
coenzyme A reductase inhibitors (“statins”) or with total choles-
terol levels ≥5.20 mM (200 mg/dl) were considered hypercholes-
terolemic. 

Body mass index (BMI) was calculated as the ratio between 
body weight in kg and the square of height in m. 

Waist circumference was measured in cm at the umbilicus 
level, with the subject standing. Percent body fat was estimated 
from the measurement of four skinfolds: bicipital, tricipital, sub-
scapular and suprailiac (22). 

Abdominal ultrasound allowed the determination of hepatic 
steatosis according to three severity levels (23). In the present 
study hepatic steatosis was considered present when at least the 
first level was detectable: a diffuse hyperechoic echotexture 
(“bright liver”). Ultrasound also allowed the measurement of sub-
cutaneous abdominal fat thickness (5 cm above the umbilicus on 
the xipho-umbilical line) and visceral fat thickness (the distance 
between the internal edge of the abdominal muscles and the anter-
ior wall of the aorta, same level as the previous measurement). 

The ECG hallmarks of myocardial ischemia (negative T 
waves and/or horizontal/descending ST depression ≥0.1 mV) 
were recorded.  

Venous blood sampling was performed after a 12-hour fast-
ing, using vacutainer tubes. For the whole blood count, tubes 
containing K3-EDTA were used. Platelet parameters (count, 
MPV and platelet distribution width [PDW]) were automatically 
determined by an optical-laser counter (Bayer ADVIA 120) 
within two hours of blood sampling, in order to minimize the 
EDTA-induced platelet swelling (6, 24). Erythrocyte sedimen-
tation rate (ESR) was automatically measured by a capillary 
microphotometer (Alifax Test 1 System). 

Blood glucose, total cholesterol, high density lipoprotein 
(HDL) cholesterol, triglycerides and C3 complement were deter-
mined in serum on the same day of sampling. C3 complement 
was measured by an immunoturbidimetric method (Tina-quant 
C3c, Roche Diagnostics). Insulin (ECLIA method, Insulin Elec-
sys, Roche Diagnostics, Mannheim, Germany) was measured 
after a few months in aliquots of serum frozen at –80°C. Insulin 
resistance was estimated by the Homeostasis Model Assessment 
(HOMA) index, according to the following formula: (blood glu-
cose [mM] X insulin [mU/l]) / 22.5 (25).  

Statistical analysis 
The descriptive analysis was performed using mean ± 1 standard 
deviation (SD) for the normally distributed continuous variables, 
median [interquartile range] for the non-gaussian continuous vari-
ables, and number (percentage) for prevalence data. The popu-
lation was divided into three tertiles according to MPV values. The 
comparison of the values of each variable in the three MPV tertiles 
was performed by one-way analysis of variance, with preliminary 
natural logarithmic transformation of the non-gaussian variables 
(leucocyte count, ESR, blood glucose, insulin, HOMA index and 

Table 1: General characteristics of the study population. 

Age (years) 072.9 ± 5.5 

Male sex 178 (48.6) 

Hypertension 316 (86.3) 

Overweight (BMI ≥25 and < 30) 102 (27.9) 

Obesity (BMI ≥30) 070 (19.1) 

Metabolic syndrome 113 (30.9) 

Diabetes 060 (16.4) 

Hypercholesterolemia 174 (47.5) 

Previous myocardial infarction 021 (5.7) 

Previous stroke 015 (4.1) 

Platelet count (n/103/mmc) 234.5 ± 55.5 

MPV (fl) 008.1 ± 1.0 

PDW (%) 058.4 ± 7.5 

Antiplatelet drugs 070 (19.1) 

Lipid lowering drugs 065 (17.8) 

Values are mean ± 1 SD for continuous variables or number (percentage) for dichotomous vari-
ables. BMI = body mass index, MPV = mean platelet volume, PDW = platelet distribution width. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Current smoking 036 (9.8) 
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triglycerides). The comparison between percentages was perform-
ed by Chi2-test. The variables independently associated with the 
high MPV tertile were identified by multiple logistic regression 
with backward elimination procedure. The relative risk (odds ratio 
[OR] and 95% confidence interval [CI]) of having ischaemic ECG 
changes for the subjects with MPV in the high tertile, adjusted for 
several possible confounders, was calculated by logistic regres-
sion. Two-tailed tests were used throughout, and p-values < 0.05 
were considered significant. The statistical analysis was perform-
ed with BMDP software (Solo v. 4.0). 

Results 

Table 1 summarizes the general characteristics of the study 
population. Most subjects were hypertensive and nearly half 
were overweight or obese. Almost one third had the metabolic 
syndrome, half were hypercholesterolemic and one fifth were 
treated with antiplatelet dugs.  

The mean MPV value was 8.1 ± 1.0 fl. Table 2 reports the be-
haviour of many risk factors and other population characteristics 
in the three MPV tertiles. The main relationships with MPV (p < 

Table 2: Risk factors and 
other population char-
acteristics according to 
MPV tertiles. 

Variable Low MPV tertile Middle MPV tertile High MPV tertile P-value 

(< 7.7 fl) (≥7.7, <8.4 fl) ( 8.4 fl) 

N = 123 N = 113 N = 130 

Age (years) 072.6 ± 5.2 073.3 ± 6.0 072.7 ± 5.3 0.59 

Male sex 062 (50.4) 059 (52.2) 057 (43.8) 0.38 

Platelet count (n/103/mmc) 257.5 ± 57.9 234.8 ± 47.9 212.3 ± 50.5 < 0.0001 

PDW (%) 052.8 ± 5.3 059.3 ± 6.0 063.0 ± 6.9 < 0.0001 

Haemoglobin (g/dl) 013.9 ± 1.3 014.3 ± 1.2 014.1 ± 1.4 0.11 

MCV (fl) 090.4 ± 5.5 090.6 ± 4.6 090.8 ± 5.8 0.83 

Triglycerides (mM) 001.22 [0.90–1.74] 001.18 [0.91–1.69] 001.19 [0.96–1.55] 0.97 

Ischaemic ECG changes 004 (3.2) 002 (1.8) 014 (10.8) 0.004 

Antiplatelet drugs 017 (13.8) 023 (20.3) 030 (23.1) 0.16 

Previous myocardial infarction 007 (5.7) 005 (4.4) 009 (6.9) 0.70 

Previous stroke 003 (2.4) 007 (6.2) 005 (3.8) 0.34 

Angina pectoris (without prev. M.I.) 001 (0.8) 003 (2.6) 002 (1.5) 0.53 

Values are mean ± 1 SD for normally distributed continuous variables, median [interquartile range] for non-gaussian continuous variables, or number (percen-
tage) for dichotomous variables. BMI = body mass index, ESR = erythrocyte sedimentation rate, HDL = high density lipoprotein, HOMA = homeostasis model 
assessment, MCV = mean red blood cell volume, PDW = platelet distribution width. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Leukocyte count (n/103/mmc) 006.12 [5.39–7.21] 005.89 [5.10–7.11] 006.37 [5.63–7.20] 0.12 

 ESR (mm/h) 017 [11–32] 015[11–26] 015.5 [10–27] 0.04 

 C3 complement (g/l) 001.33 ± 0.24 001.33 ± 0.22 001.29 ± 0.20 0.31 

 Current smoker 013 (10.6) 010 (8.8) 013 (10.0) 0.90 

 Alcohol drinker (> 1 drink/day) 049 (39.8) 043 (38.0) 040 (30.8) 0.28 

 Systolic blood pressure (mmHg) 147.4 ± 18.9 144.0 ± 18.4 149.1 ± 18.1 0.10 

 Diastolic blood pressure (mmHg) 079.9 ± 9.7 080.1 ± 8.3 080.4 ± 10.3 0.90 

 BMI (kg/m2) 026.5 ± 4.5 026.7 ± 3.5 026.8 ± 3.9 0.85 

 Percent body fat (%) 035.1 ± 8.1 034.7 ± 7.3 036.3 ± 7.4 0.22 

 Waist circumference (cm) 095.4 ± 12.2 096.3 ± 9.6 096.8 ± 11.1 0.23 

 Subcutaneous abdominal fat (mm) 016.4 ± 5.8 017.3 ± 5.4 018.7 ± 8.5 0.02 

 Visceral abdominal fat (mm) 050.8 ± 25.8 054.5 ± 22.7 055.5 ± 24.4 0.28 

 Hepatic steatosis 059 (48.0) 050 (44.2) 076 (58.5) 0.07 

 Metabolic syndrome 034 (27.6) 032 (28.3) 047 (36.1) 0.27 

 Diabetes 020 (16.3) 016 (14.1) 024 (18.5) 0.66 

 Blood glucose (mM) 005.39 [5.00–6.00] 005.34 [5.00–5.95] 005.66 [5.16–6.44] 0.002 

 Insulin (mU/l) 007.7 [5.3–13.3] 007.3 [5.0–10.2] 008.1 [5.8–11.6] 0.40 

 HOMA index 001.8 [1.3–3.4] 001.7 [1.1–2.7] 002.2 [1.5–3.1] 0.09 

 Total cholesterol (mM) 005.67 ± 0.97 005.63 ± 0.94 005.49 ± 0.92 0.34 

 HDL cholesterol (mM) 001.55 ± 0.40 001.55 ± 0.37 001.56 ± 0.33 0.92 
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0.0001) concerned platelet count (inverse association) and PDW 
(direct association). Furthermore, the subjects with high MPV 
values had thicker subcutaneous abdominal fat and higher fast-
ing blood glucose levels, and tended to present higher values of 
HOMA index and a greater prevalence of hepatic steatosis. Fin-
ally, the subjects with MPV in the high tertile had a markedly 
higher prevalence of ischaemic ECG changes than the subjects 
with MPV in the middle and low tertiles, although no significant 
association was found between MPV and the prevalence of pre-
vious ischaemic events. 

To ascertain which of the associations were independent, a 
multiple logistic regression with backward elimination pro-
cedure was performed, in which the dependent variable was the 
high MPV tertile, and the independent variables were those as-
sociated with MPV, in univariable analysis, with p-values ≤0.30 
(see Table 2). After the backward procedure, in addition to the 
other two platelet parameters (PDW and platelet count), only 
percent body fat, ischaemic ECG changes and the natural logar-
ithm of blood glucose remained independently associated with 
the high MPV tertile (Table 3). 

Having an MPV ≥8.4 fl (high tertile) implied a relative risk of 
4.2 of having ischaemic ECG changes (OR referred to the sub-
jects with MPV < 8.4 fl; 95% CI 2.5 – 7.1; p = 0.006), after ad-
justment for age, sex, platelet count, PDW, ln(blood glucose), 
total cholesterol, HDL cholesterol, hypertension, percent body 
fat, current smoking and treatment with statins or antiplatelet 
drugs. 

Discussion 

This cross-sectional study is the first to search for the deter-
minants of platelet volume in an unselected population of elderly 
people, within a wide range of potential risk factors. Percent 
body fat, blood glucose and ischaemic ECG changes were the 
only parameters independently associated with an increased pla-
telet volume. 

From a practical point of view, this study indicates that 
among the parameters provided by the complete blood count, 
MPV should not be disregarded, since an elevated value would 

suggest the advisability of a careful assessment of cardiovascular 
risk. 

Platelet size and diabetes 
The association between diabetes mellitus and platelet volume 
has repeatedly been demonstrated, during the last 20 years, by 
several case-control studies (12–15). Platelet volume is also in-
creased in subjects with impaired fasting glucose, but less than in 
diabetic patients (26). Among diabetic patients, those with 
microvascular complications (retinopathy, microalbuminuria) 
tend to have higher values of MPV (15). In our cross-sectional 
study, blood glucose was associated with platelet volume inde-
pendently of other risk factors, and more strongly than other in-
dicators of impaired glucose metabolism, such as insulinemia, 
HOMA index and prevalence of diabetes and metabolic syn-
drome.  

Platelet size and obesity 
Our study revealed the presence of univariable associations be-
tween MPV and two adiposity indicators (thickness of subcu-
taneous abdominal fat and prevalence of hepatic steatosis). In 
multivariable analysis percent body fat was independently as-
sociated with platelet volume. 

In substantial agreement with these results, in two case-con-
trol studies Coban et al. recently demonstrated an association be-
tween obesity and MPV (18) and a reduction of MPV in subjects 
with diet-induced weight loss (27). 

Platelet size and coronary artery disease 
This study has for the first time shown a strong relationship be-
tween MPV and the presence of ischaemic ECG changes. The 
subjects with an MPV in the high tertile had a four-fold probabil-
ity of having ECG signs of myocardial ischemia with respect to 
the subjects with a lower platelet volume. This finding is in good 
agreement with previous studies showing an association be-
tween MPV and coronary heart disease. In fact, MPV has been 
reported to be higher in patients with acute myocardial infarction 
(1–3, 28), angina pectoris (4, 28) or documented coronary 
lesions (4) than in control subjects. On the other hand, although 
there were only a few cases, it seems that in our study the rela-
tionship between MPV and previous ischaemic events was rather 
weak or absent. One possible explanation is that the control of 
risk factors in the subjects who had had ischaemic events may 
have weakened the relationship with MPV. 

MPV has been found to be higher in patients with unstable 
angina than in those with stable angina and, among the patients 
with unstable angina, MPV is higher in those requiring immedi-
ate revascularization (4). Moreover, an elevated MPV is predic-
tive of restenosis in patients undergoing coronary angioplasty 
(29, 30), of abnormal reperfusion and increased long-term mor-
tality in patients with myocardial infarction treated with primary 
angioplasty (31), and even of the risk of developing acute stent 
thrombosis in a porcine coronary stent model (32). Finally, MPV 
seems to be associated with coronary Syndrome X (33), and in-
creases after exercise stress test in coronary patients (11). These 
studies often reported that the increase in MPV was associated 
with a reduction in platelet count (30, 31). 

Table 3: Multivariable assessment (logistic regression) of MPV 
determinants. 

Variable R2 P value 

PDW 0.106 < 0.0001 

Percent body fat 0.021 0.006 

Platelet count * 0.020 0.007 

Ischaemic ECG changes 0.017 0.01 

ln(blood glucose) 0.013 0.03 

Model 0.237 < 0.0001 

* Inverse association. Dependent variable: 1 = high MPV tertile, 0 = low+middle MPV tertile. Final 
result of a backward elimination procedure of the non-significant variables. The initial model in-
cluded all the variables associated with MPV, in univariable analysis, with a P value <= 0.30 (see 
Table 2). MPV = mean platelet volume, PDW = platelet distribution width. 
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Platelet size and other risk factors 
We were unable to find any significant relationship between 
MPV and serum lipids, blood pressure and cigarette smoking. 
On the other hand, a few case-control studies reported associ-
ations of MPV with smoking (16), hypertension (17) and dys-
lipidemia (19). Others, however, did not confirm these associ-
ations (3). 

Possible mechanisms involved 
With the exception of technical interferences, such as platelet 
swelling caused by prolonged permanence in EDTA (34), it is 
generally accepted that platelet volume is mainly determined in 
the bone marrow (8, 10, 35). When activated, platelets assume a 
spherical shape and produce pseudopodia (36), but they do not 
significantly increase in size. Thus, platelets may be born large 
due to a reduced fragmentation of megakaryocytes (8), and it is 
perhaps for this reason that when MPV increases, the platelet 
count decreases (30, 31, 37). Large platelets contain more gran-
ules, beta-thromboglobulin and ATP (9, 10), which makes them 
more reactive. Their passage into the circulation probably occurs 
when a prompt haemostatic action is needed, in response to sig-
nals coming from the peripheral system.  

The main hormonal substance stimulating platelet produc-
tion is thrombopoietin, which is synthesized in the liver (38). It 
seems that thrombopoietin levels may mainly increase in re-
sponse to a reduction of the circulating platelet mass (39). 
Thrombopoietin stimulates megakaryocyte growth and, con-
sequently, its main effect is a significant increase in the number 
of circulating platelets. Since the increase in platelet size tends 
instead to be associated with a reduction of platelet count, it 
seems possible that MPV is not under the sole control of throm-
bopoietin. In fact, in the last two decades several other growth 
factors possessing haematopoietic properties have been ident-
ified, including granulocyte-macrophage colony-stimulating 
factor (GM-CSF), stem cell factor, a series of cytokines, such as 
interleukin (IL) 1, IL-3, IL-6 and IL-11, and nitric oxide (40–44). 
These or other substances (45, 46) might be produced in the pres-
ence of obesity, diabetes and ischaemic ECG changes, thus lead-
ing to an increase in platelet volume, according to the following 
mechanisms. Diabetes is an important cause of endothelial dys-
function which, in turn, is characterized by the production of cy-
tokines and growth factors by endothelial cells, intimal macro-
phages and smooth muscle cells (47). Moreover, endothelial dys-
function favours platelet activation (48), and activated platelets 
are another possible source of cytokines (49). In addition, en-
dothelial dysfunction precedes and accompanies coronary 
atherosclerosis, which is associated with the appearance of ECG 
changes of ischaemic type. Finally, the adipose tissue is also an 
important source of cytokine production (50). 

Thus, the dysfunctioning endothelium, activated platelets 
and adipocytes might secrete a series of substances capable of in-
ducing the production, in the bone marrow, of larger and more 
reactive platelets. It is, however, possible that the factors stimu-
lating the production of large platelets may not coincide with 

some inflammatory cytokines, as suggested by the lack of as-
sociation between MPV and the markers of inflammation con-
sidered in this study (leukocyte count, ESR and C3 comple-
ment). 

Limitations 
Some associations may have been considered not significant due 
to insufficient power of the study. Several conditions, such as left 
ventricular hypertrophy with systolic overload, anaemia or drug 
effects, may have simulated ischaemic ECG changes, especially 
in the elderly. The measurement of thrombopoietin and some cy-
tokines, as well as a direct or indirect assessment of endothelial 
function, would have made it possible to verify the above pro-
posed mechanisms. 

Conclusion 
In an unselected population of elderly subjects, percent body fat, 
blood glucose and ischaemic ECG changes were found to be the 
main determinants of MPV. These data suggest that obesity and 
endothelial dysfunction may trigger the production of large and 
more reactive platelets, perhaps through the release of cytokines 
or hormonal substances, possibly contributing to cardiovascular 
risk also by means of this mechanism. 
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