ORIGINAL ARTICLE

Correlation between mean platelet volume and
blood glucose levels after oral glucose loading
in normoglycemic and prediabetic Japanese
subjects
Masanori Shimodaira1,2*, Tomohiro Niwa1, Koji Nakajima1, Mutsuhiro Kobayashi1, Norinao Hanyu1, Tomohiro Nakayama2
1

Department of Internal Medicine, Iida Municipal Hospital, Nagano, and 2Division of Laboratory Medicine, Department of Pathology and Microbiology, Nihon University School of
Medicine, Tokyo, Japan

Keywords
Mean platelet volume, Oral glucose
tolerance test, Prediabetes
*Correspondence
Masanori Shimodaira Tel.: +81 265-211255 (ext. 7085) Fax: +81 265-21-1266
E-mail address: masanori19810813@
yahoo.co.jp
J Diabetes Invest 2014; 5: 66–71
doi: 10.1111/jdi.12117

ABSTRACT
Aims/Introduction: Mean platelet volume (MPV) reflects platelet activity, and high
MPV is associated with thrombogenic activation and increased cardiovascular disease risk.
Although a positive correlation between MPV and fasting plasma glucose (FPG) levels has
been reported, the correlation between MPV and postprandial glucose levels remains
unclear. The purpose of the present study was to evaluate the correlation between MPV
and postprandial glucose levels in prediabetic and normoglycemic participants.
Materials and Methods: We evaluated 1,080 Japanese participants who underwent
the 75-g oral glucose tolerance test (OGTT). Based on these results, the participants were
divided into three groups: normal glucose tolerance group (NGT; n = 582), impaired fasting glucose group (IFG; n = 205) and impaired glucose tolerance group (IGT; n = 252).
The relationship between MPV, FPG, and postchallenge glucose levels after 1 h (1 h-PG)
and 2 h (2 h-PG) were analyzed.
Results: Bivariate correlation analyses showed a significant positive correlation between
MPV and both FPG and 1 h-PG levels in the NGT group, as well as between MPV and
2 h-PG, total cholesterol, and low-density lipoprotein cholesterol in the IGT group. In contrast, no significant correlation was observed between MPV and postchallenge glucose levels in the IFG group. Multiple correlation analyses showed that FPG levels significantly
correlated with MPV in the NGT and IGT groups. In addition, 1 h-PG and 2 h-PG levels
correlated with MPV in the NTG and IGT groups, respectively.
Conclusions: These results suggest a possible mechanism by which subjects with postprandial hyperglycemia might be at increased cardiovascular risk.

INTRODUCTION
Platelets play an important role in the integrity of normal hemostasis; an accurate measure of the platelet size is considered
a marker and determinant of platelet function1. Larger platelets
with higher mean platelet volume (MPV) are hemostatically
more reactive and produce higher amounts of the prothrombotic factor thromboxane A2, increasing the propensity to
thrombosis2. Therefore, increased MPV is emerging as an inde-
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pendent risk factor for thromboembolism3, stroke and myocardial infarction4,5. In patients with diabetes, MPV was higher
compared with the normal glycemic controls; in addition,
it has been proposed that an increase in MPV could play a role
in the micro- and macrovascular complications related to diabetes6,7.
Individuals with prediabetes are at a high risk of not only
developing diabetes, but also adverse cardiovascular events later
in life8,9. We previously reported that MPV in subjects with
prediabetes is higher than that in normal subjects. Furthermore,
MPV is positively associated with fasting plasma glucose (FPG)
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levels, not only in prediabetic subjects, but also in normoglycemic subjects10. Prediabetes is usually diagnosed on the basis
of impaired glucose tolerance (IGT) or impaired fasting
glucose (IFG) levels11. IGT is deﬁned as an elevated plasma
glucose level (≥140 mg/dL, but <200 mg/dL) 2 h (2 h-PG)
after undergoing a 75-g oral glucose tolerance test (OGTT) in
individuals with FPG level <126 mg/dL. IFG is deﬁned as FPG
of 100–125 mg/dL with normal post-OGTT glucose levels
(<140 mg/dL).
It is known that individuals with IGT and IFG have a tendency to develop diabetes; however, individuals with IGT are
more likely to develop cardiovascular diseases (CVD) than
those with IFG12. A meta-analysis showed that the risk of cardiovascular diseases is more strongly associated with postloading glucose levels than with FPG levels13. Furthermore, the
normoglycemic subjects whose 2 h-PG levels do not return to
FPG levels during OGTT are at a higher risk of death from
CVD and other causes than those whose 2 h-PG level is less
than or equal to their FPG levels14. These ﬁndings show that
acute postprandial hyperglycemia is independently related to
the risk of cardiovascular diseases not only in prediabetic, but
also in normoglycemic subjects.
Although several studies have reported a positive association
between MPV and FPG levels in diabetes6,15, and in IGT16,17,
only one report has addressed the correlation between MPV
and 2 h-PG levels after OGTT in IGT18. Furthermore, no study
has compared MPV and 2 h-PG levels after OGTT in individuals with normal glucose tolerance (NGT). We hypothesized
that MPV was related to the postloading glucose levels after
OGTT in normoglycemic and prediabetic subjects. The aim of
the present study was to evaluate the relationship between
MPV and postloading glucose levels in the non-diabetic Japanese population.

MATERIALS AND METHODS
Study Population and Samples

The present study included 1080 participants aged 35 years
and older who underwent a 75-g OGTT from January 2008 to
December 2012 at Iida Municipal Hospital in Nagano, Japan,
during a routine health check-up. A standard 75-g OGTT was
carried out for each participant after overnight fasting (>12 h).
Blood samples were collected at 0, 1 and 2 h after OGTT. The
glucose tolerance status of a participant was classiﬁed on the
basis of the criteria of the American Diabetes Association 2011
as follows: NGT (FPG <100 mg/dL and 2 h-PG levels
<140 mg/dL), IFG (FPG of 100–125 mg/dL, and 2 h-PG levels
<140 mg/dL) and IGT (FPG ≤125 mg/dL, and 2 h-PG levels
of 140–199 mg/dL)19.
Participants with diabetes or those receiving hypoglycemics
were excluded. Participants with abnormal platelet counts
(<100 and >400 9 103/lL) or receiving antiplatelet medication
(aspirin, ticlopidine and clopidogrel) were also excluded. On
the basis of the OGTT results, participants with NGT
(n = 582), IFG (n = 205) and IGT (n = 252) were selected for

ª 2013 The Authors. Journal of Diabetes Investigation published by AASD and Wiley Publishing Asia Pty Ltd

the present study. Informed consent was obtained from all subjects who agreed to participate in the study.
The venous blood samples were mixed with dipotassium
ethylenediaminetetraacetic acid and tested within 30 min of
collection to minimize variations as a result of sample aging.
MPV and platelets were measured using an automatic blood
counter (XE-5000; Sysmex Corp., Kobe, Japan). Glucose, uric
acid, lipid proﬁles and high-sensitivity C-reactive protein were
determined by standard methods. Following were the criteria
for dyslipidemia: serum low-density lipoprotein (LDL) cholesterol ≥140 mg/dL, high-density lipoprotein (HDL) cholesterol
<40 mg/dL, triglycerides ≥150 mg/dL or having been treated
for dyslipidemia20. Hypertension was deﬁned as SBP
≥140 mmHg, DBP ≥90 mmHg or presently taking any medication prescribed for hypertension21. The body mass index (BMI)
was calculated as weight/height2 (kg/m2).
A questionnaire was used to obtain information about familial medical history and the participants’ lifestyle, such as smoking habits and alcohol consumption. Familial history of
diabetes was deﬁned as having one or more relatives (parent or
sibling) with diabetes. Individuals who had smoked <100 cigarettes during their lifetime were considered non-smokers, those
who had smoked ≥100 cigarettes and were currently not smoking were considered former smokers, and those who had
smoked ≥100 cigarettes and were currently smoking were considered current smokers. The following criteria were deﬁned for
alcohol consumption groups: drinking never or rarely (0–5
times/year), occasionally (1–5 times/month) and regularly (1–7
times/week).
Statistical Analysis

Statistical analyses were carried out using the SPSS software version 15.0 (SPSS Inc, Chicago, IL, USA). One-way analysis of
variance was used to compare the clinical characteristics among
the three groups followed by the Bonferroni post-hoc test for
continuous variables. The v2-test was used to compare the categorical parameters.
Pearson’s correlation coefﬁcients were calculated to evaluate
the relationships between MPV and several clinical variables
(age, sex, blood pressure [SBP/DBP], BMI, uric acid, total cholesterol (TC), HDL cholesterol, LDL cholesterol, high-sensitivity
C-reactive protein, smoking and alcohol consumption). The
distribution of triglycerides was skewed; hence, we carried out
Pearson’s linear correlation using log-transformed values instead
of the raw data. To assess independent relationships between
MPV and the clinical variables, a multiple linear regression
analysis was carried out. Data were expressed as mean – standard deviation. A P-value of <0.05 was considered statistically
signiﬁcant.

RESULTS
The characteristics of the 582 NGT participants, 205 IFG participants and 252 IGT participants in the present study are
summarized in Table 1. MPV, age, male-to-female ratio, BMI,
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Table 1 | Clinical and metabolic characteristics of study participants according to fasting plasma glucose

No. patients
Men (%)
MPV (fl)
Count of platelets (103 cells/lL)
Age (years)
BMI (kg/m2)
SBP (mmHg)
DBP (mmHg)
UA (mg/dL)
TC (mg/dL)
TG (mg/dL)
Log TG
HDL-C (mg/dL)
LDL-C (mg/dL)
hsCRP (mg/dL)
Log hsCRP
FPG (mg/dL)
1 h-PG (mg/dL)
2 h-PG (mg/dL)
Hypertension (%)
Dyslipidemia (%)
Familial history of diabetes (%)
Smoking status (%)
Current
Former
Never
Alcohol ingestion (%)
Regularly
Occasionally
Never or rarely

NGT

IFG

IGT

P-values

582
60.5
9.92 – 0.69
219.3 – 53.2
54.55 – 7.90
22.64 – 2.95
119.91 – 16.15
73.25 – 11.47
5.47 – 1.34
204.36 – 32.04
109.41 – 79.56
1.97 – 1.15
66.94 – 15.61
117.63 – 27.61
0.070 – 0.186
-1.28 – 0.22
91.56 – 53.35
128.30 – 76.62
102.30 – 59.70
13.23
31.96
10.65

205
77.07
10.00 – 0.80
227.3 – 56.0
55.83 – 7.59
23.78 – 2.96
125.28 – 15.59
76.20 – 11.05
5.93 – 1.30
204.02 – 32.84
116.72 – 69.55
2.08 – 0.24
63.20 – 14.15
119.17 – 29.51
0.073 – 0.297
-0.16 – 0.24
106.63 – 105.25
149.94 – 52.70
110.22 – 109.00
20.49
36.10
17.07

252
86.8
10.09 – 0.80
210.4 – 48.9
58.61 – 10.14
24.35 – 3.64
126.08 – 16.60
76.10 – 11.43
6.05 – 1.22
204.49 – 32.59
148.07 – 75.0
2.00 – 1.99
60.79 – 14.23
118.56 – 25.76
0.115 – 0.159
-1.09 – 0.46
103.30 – 10.42
189.07 – 37.05
161.06 – 15.55
26.19
39.29
21.83

<0.001
0.104
0.455
<0.001
<0.001
<0.001
<0.001
<0.001
0.989
<0.001
<0.001
<0.001
0.894
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001

17.18
31.96
50.86

20.00
33.66
46.34

19.84
38.49
50.00

<0.001

23.71
35.05
41.24

27.32
37.07
35.61

27.78
40.48
31.75

<0.001

Data are shown as the mean – standard deviation and percentage (%). P-values were calculated using the ANOVA and v2-tests. BMI, body mass
index; DBP, diastolic blood pressure; HDL-C, high-density lipoprotein cholesterol; hsCRP; high-sensitivity C-reactive protein; IFG, impaired fasting
glucose; IGT, impaired glucose tolerance; LDL-C, low-density lipoprotein cholesterol; MPV, mean platelet volume; NGT, normal glucose tolerance;
SBP, systolic blood pressure; TC, total cholesterol; TG, triglyceride; UA, uric acid.

SBP and DBP, uric acid levels, lipid proﬁles, high-sensitivity Creactive protein level, smoking status, and alcohol consumption
were different in all three groups.
In bivariate correlation analyses of MPV and other parameters in the NGT subjects, MPV showed a signiﬁcant positive
correlation with FGP and 1 h-PG levels. In the IGT participants, MPV showed a signiﬁcant positive correlation with 2 hPG levels, TC and LDL cholesterol. In contrast, in the participants with IFG levels, no signiﬁcant correlation was observed
between MPV and postchallenge glucose levels during OGTT
(Table 2).
To examine the correlations of postprandial glucose with
MPV, multiple correlation analyses were carried out to adjust
the variables (BMI, SBP, DBP, TC and LDL cholesterol) that
were signiﬁcant in the bivariate correlation analyses. Multiple
correlation analyses showed that in the NTG participants, FPG
and 1 h-PG levels had signiﬁcant linear relationships with
MPV. Furthermore, in the IGT participants, FPG and 2 h-PG
68
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levels signiﬁcantly correlated with MPV, even after adjustment
for the aforementioned confounding factors. In the IGT participants, the 2 h-PG levels remained as the ﬁrst independent predictors. However, in the IFG participants, FPG and
postprandial glucose levels had no signiﬁcant relationship with
MPV (Table 3). In addition, multiple regression analysis using
dummy variables for glucose tolerance, representing NGT, IFG
and IGT, showed that glucose tolerance status was independently associated with MPV (data not shown).

DISCUSSION
Mean platelet volume, a determinant of platelet activation, is an
emerging risk factor for atherothrombosis. Hyperglycemia
increases platelet reactivity directly and by promoting glycation
of platelet proteins22; increased MPV has also been reported in
diabetes6,15, IGT16,17 and gestational diabetes23. We have previously reported that MPV is positively and independently correlated with FPG levels, not only in prediabetic subjects, but also
ª 2013 The Authors. Journal of Diabetes Investigation published by AASD and Wiley Publishing Asia Pty Ltd
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Table 2 | Correlations between mean platelet volumes and various
parameters
NGT

IFG

IGT

n = 582

n = 205

n = 252

r

Pvalues

r

Pvalues

r

Pvalues

FPG (mg/dL)
0.083 0.0453 0.0414 0.5552 0.1137 0.1631
1 h-PG (mg/dL) 0.088 0.0388 0.1000 0.1535 0.0146 0.8625
2 h-PG (mg/dL) 0.0503 0.2259 0.0360 0.6081 0.1338 0.0100
Sex
0.1064 0.3421 0.1435 0.5445 0.3767 0.3871
Age (years)
0.0717 0.084
0.0482 0.4924 -0.0072 0.9301
BMI (kg/m2)
0.0026 0.2144 0.1464 0.0362 0.0056 0.9458
SBP (mmHg)
0.0032 0.9390 0.1770 0.0111 0.1581 0.0517
DBP (mmHg)
0.0070 0.8666 0.2154 0.0019 0.1237 0.1290
UA (mg/dL)
0.0259 0.5334 0.1039 0.1381 0.1306 0.1088
TC (mg/dL)
0.0035 0.9325 0.0814 0.2458 0.1732 0.0328
Log TG
-0.6093 0.8238 0.0495 0.4812 0.0656 0.4218
HDL-C (mg/dL)
0.0030 0.9430 -0.0561 0.4245 -0.0379 0.6427
LDL-C (mg/dL)
0.0358 0.3892 0.0726 0.3006 0.2543 0.0016
Log hsCRP
0.0114 0.7845 0.0245 0.7643 0.0716 0.4331
Coefficients (r) and P-values are calculated using the Pearson’s correlation model. 1 h-PG, 1 h post-challenge plasma glucose; 2 h-PG, 2 h
post-challenge plasma glucose; BMI, body mass index; DBP, diastolic
blood pressure, FPG, fasting plasma glucose; HDL-C, high-density lipoprotein cholesterol; IFG, impaired fasting glucose; IGT, impaired glucose
tolerance; LDL-C, low-density lipoprotein cholesterol; Log hsCRP, logtransformed high-sensitivity C-reactive protein; Log TG, log-transformed
triglyceride; NGT, normal glucose tolerance; SBP, systolic blood pressure;
UA, uric acid; TC, total cholesterol.

in normoglycemic subjects, after correcting for the confounding
variables10.
Coban et al.18 reported a positive correlation between MPV
and 2 h-PG during OGTT in modest IGT subjects. However,
they did not evaluate the confounding factors that are considered to have a pronounced impact on MPV, such as blood
pressure, dyslipidemia, high-sensitivity C-reactive protein or
smoking status24. In the present study, we conﬁrmed the aforementioned positive correlation in an adequate sample size of

IGT subjects, even after correcting for the confounding variables. Our cross-sectional study cannot explain why 2 h-PG
levels are associated with elevated MPV in IGT subjects. However, we hypothesized that transient and acute hyperglycemia,
which induces oxidative stress, results in an elevated MPV24. In
the IGT subjects, it has been shown that the association
between 2 h-PG levels and the risk of death from cardiovascular disease and other causes is independent of FPG levels25.
The present results might partly explain the increase in cardiovascular events in patients with postchallenge glucose excursions.
There is increasing epidemiological evidence for the association of postprandial glucose levels and macrovascular complications, even in NGT subjects26. To our knowledge, ours is the
ﬁrst study to evaluate the correlation between MPV and blood
glucose levels after an oral glucose load in NGT subjects. The
present results showed a signiﬁcant correlation between MPV
and 1 h-PG levels in these subjects. However, no correlation
was observed between MPV and 2 h-PG levels in NGT subjects. Although the importance of postchallenge glucose levels
during OGTT, other than 2 h-PG levels, has not been clearly
deﬁned, it has been shown that NGT subjects with elevated
1 h-PG levels develop carotid atherosclerosis, a sign of early
cardiovascular atherosclerosis27. Furthermore, elevated 1 h-PG
levels during OGTT are associated with an increase in cardiovascular mortality and morbidity, and all causes of mortality in
the general population28,29. Therefore, the present results suggest that the relationship between elevated MPV and 1 h-PG
levels might be closely associated with cardiovascular risk factors in NGT subjects.
In the present study, we could not conﬁrm the correlation
between MPV and 2 h-PG levels in IFG subjects. IFG and IGT
subjects differ not only with respect to FPG and 2 h-PG levels,
but also with respect to the shape of the plasma glucose concentration curve after a glucose load during OGTT and a
mixed meal30,31. IFG, characterized by fasting hyperglycemia, is
associated with decreased hepatic insulin resistance and
decreased ﬁrst-phase insulin secretion. Conversely, IGT, characterized by elevated postchallenge glucose levels, is associated
with peripheral insulin resistance and impairment of both

Table 3 | Associations of fasting plasma glucose, 1 h postchallenge plasma glucose and 2 h postchallenge plasma glucose with mean platelet
volume adjusted for body mass index, blood pressure, and total and low-density lipoprotein cholesterol

FPG (mg/dL)
1 h-PG (mg/dL)
2 h-PG (mg/dL)

NGT

IFG

IGT

n = 582

n = 205

n = 252

Standardized b

P-values

Standardized b

P-values

Standardized b

P-values

0.011
0.018
0.005

0.010
0.006
0.295

0.006
0.009
0.090

0.384
0.201
0.565

0.013
0.031
0.009

0.032
0.070
0.015

1 h-PG, 1 h post-challenge plasma glucose; 2 h-PG, 2 h post-challenge plasma glucose; FPG, fasting plasma glucose; IFG,impaired fasting glucose;
IGT, impaired glucose tolerance; NGT, normal glucose tolerance.
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early- and late-phase insulin secretions31–33. Platelet function is
directly regulated by insulin through a functional insulin receptor found on platelets22,34. Therefore, these differences between
pathophysiological mechanisms of abnormal glucose homeostasis underlying IFG and IGT could contribute to the differences
in the correlations between MPV and 2 h-PG levels. To our
knowledge, this is the ﬁrst study to investigate the correlation
between MPV and glucose levels after glucose loading in IFG
subjects. However, further studies on IFG subjects are required
to conﬁrm our ﬁndings.
Recent studies have shown seasonal changes in MPV levels.
In the Chinese population, Peng et al.35 showed that MPV was
lower during summer (11.2–14.7 ﬂ) than during winter (11.8–
15.6 ﬂ). Although there are four seasons in Japan, extreme seasonal differences in the numbers of subjects who underwent a
75-g OGTT in the present study were not observed. Therefore,
we believe that any seasonal MPV changes in our subjects were
small.
The present study had several limitations. First, only a single
75-g OGTT was used, which might have not reﬂected a
patient’s status over a long period. In addition, single measurements were subject to intra-individual variability; this might
have caused an imprecise classiﬁcation of participants, thus
affecting the results. Second, our ﬁndings are based only on the
Japanese population; different results might be observed in
other ethnic groups. Third, the present study was retrospective,
and did not investigate the relationship between MPV and past
clinical events.
In conclusion, the present study showed positive correlations
between MPV and 2 h-PG levels in IGT subjects, and between
MPV and 1 h-PG levels in NGT subjects. Increased platelet
activity could contribute to an increased risk of cardiovascular
disease in both IGT and NGT subjects.

ACKNOWLEDGEMENTS
The authors have nothing to disclose. No potential conﬂicts of
interest relevant to this article were reported. The authors thank
Nobuo Shimosawa for preparing an electronic database of
patients’ medical records.
REFERENCES
1. Jakubowski JA, Thompson CB, Vaillancourt R, et al.
Arachidonic acid metabolism by platelets of differing size.
Br J Haematol 1983; 53: 503–511.
2. Vizioli L, Muscari S, Muscari A. The relationship of mean
platelet volume with the risk and prognosis of
cardiovascular diseases. Int J Clin Pract 2009; 63: 1509–1515.
3. Park Y, Schoene N, Harris W. Mean platelet volume as an
indicator of platelet activation: methodological issues.
Platelets 2002; 13: 301–306.
4. Pizzulli L, Yang A, Martin JF, et al. Changes in platelet size
and count in unstable angina compared to stable angina
or non-cardiac chest pain. Eur Heart J 1998; 19: 80–84.

70

J Diabetes Invest Vol. 5 No. 1 January 2014

http://onlinelibrary.wiley.com/journal/jdi

5. Tavil Y, Sen N, Yazici HU, et al. Mean platelet volume in
patients with metabolic syndrome and its relationship with
coronary artery disease. Thromb Res 2007; 120: 245–250.
6. Papanas N, Symeonidis G, Maltezos E, et al. Mean platelet
volume in patients with type 2 diabetes mellitus. Platelets
2004; 15: 475–478.
7. Hekimsoy Z, Payzin B, Ornek T, et al. Mean platelet volume
in Type 2 diabetic patients. J Diabetes Complications 2004;
18: 173–176.
8. DeFronzo RA, Abdul-Ghani M. Assessment and treatment of
cardiovascular risk in prediabetes: impaired glucose
tolerance and impaired fasting glucose. Am J Cardiol 2011;
108: 3B–24B.
9. Lee M, Saver JL, Hong KS, et al. Effect of pre-diabetes on
future risk of stroke: meta-analysis. BMJ 2012; 344: e3564.
10. Shimodaira M, Niwa T, Nakajima K, et al. Correlation
between mean platelet volume and fasting plasma glucose
levels in prediabetic and normoglycemic individuals.
Cardiovasc Diabetol 2013; 12: 14.
11. American Diabetes Association. Diagnosis and classification
of diabetes mellitus. Diabetes Care 2011; 34(Suppl. 1): S62–
S69.
12. Rodriguez BL, Lau N, Burchfiel CM, et al. Glucose
intolerance and 23-year risk of coronary heart disease and
total mortality: the Honolulu Heart Program. Diabetes Care
1999; 22: 1262–1265.
13. Kodama S, Saito K, Tanaka S, et al. Fasting and postchallenge glucose as quantitative cardiovascular risk factors:
a meta-analysis. J Atheroscler Thromb 2012; 19: 385–396.
14. Ning F, Tuomilehto J, Pyorala K, et al. Cardiovascular disease
mortality in Europeans in relation to fasting and 2-h plasma
glucose levels within a normoglycemic range. Diabetes Care
2010; 33: 2211–2216.
15. Shah B, Sha D, Xie D, et al. The relationship between
diabetes, metabolic syndrome, and platelet activity as
measured by mean platelet volume: the National Health
And Nutrition Examination Survey, 1999-2004. Diabetes Care
2012; 35: 1074–1078.
16. Zuberi BF, Akhtar N, Afsar S. Comparison of mean platelet
volume in patients with diabetes mellitus, impaired fasting
glucose and non-diabetic subjects. Singapore Med J 2008;
49: 114–116.
17. Coban E, Bostan F, Ozdogan M. The mean platelet volume
in subjects with impaired fasting glucose. Platelets 2006; 17:
67–69.
18. Coban E, Kucuktag S, Basyigit S. Platelet activation in
subjects with impaired glucose tolerance. Platelets 2007; 18:
591–594.
19. American Diabetes Association. Standards of medical care
in diabetes–2011. Diabetes Care 2011; 34 (Suppl. 1): S11–
S61.
20. Teramoto T, Sasaki J, Ueshima H, et al. Executive summary
of Japan Atherosclerosis Society (JAS) guideline for

ª 2013 The Authors. Journal of Diabetes Investigation published by AASD and Wiley Publishing Asia Pty Ltd

ORIGINAL ARTICLE
MPV and post-OGTT glucose level

http://onlinelibrary.wiley.com/journal/jdi

21.

22.

23.

24.

25.

26.

27.

28.

diagnosis and prevention of atherosclerotic cardiovascular
diseases for Japanese. J Atheroscler Thromb 2007; 14: 45–50.
Whitworth JA. 2003 World Health Organization (WHO)/
International Society of Hypertension (ISH) statement on
management of hypertension. J Hypertens 2003; 21: 1983–
1992.
Schneider DJ. Factors contributing to increased platelet
reactivity in people with diabetes. Diabetes Care 2009; 32:
525–527.
Goldhaber SZ. Low intensity warfarin anticoagulation is safe
and effective as a long-term venous thromboembolism
prevention strategy. J Thromb Thrombolysis 2006; 21: 51–52.
Gasparyan AY, Ayvazyan L, Mikhailidis DP, et al. Mean
platelet volume: a link between thrombosis and
inflammation? Curr Pharm Des 2011; 17: 47–58.
DECODE Study Group. Glucose tolerance and cardiovascular
mortality: comparison of fasting and 2-hour diagnostic
criteria. Arch Intern Med 2001; 161: 397–405.
Coutinho M, Gerstein HC, Wang Y, et al. The relationship
between glucose and incident cardiovascular events.
A metaregression analysis of published data from 20
studies of 95,783 individuals followed for 12.4 years.
Diabetes Care 1999; 22: 233–240.
Succurro E, Marini MA, Arturi F, et al. Elevated one-hour
post-load plasma glucose levels identifies subjects with
normal glucose tolerance but early carotid atherosclerosis.
Atherosclerosis 2009; 207: 245–249.
Meisinger C, Wolke G, Brasche S, et al. Postload plasma
glucose and 30-year mortality among nondiabetic middle-

ª 2013 The Authors. Journal of Diabetes Investigation published by AASD and Wiley Publishing Asia Pty Ltd

29.

30.

31.

32.

33.

34.

35.

aged men from the general population: the ERFORT Study.
Ann Epidemiol 2006; 16: 534–539.
Orencia AJ, Daviglus ML, Dyer AR, et al. One-hour postload
plasma glucose and risks of fatal coronary heart disease
and stroke among nondiabetic men and women: the
Chicago Heart Association Detection Project in Industry
(CHA) Study. J Clin Epidemiol 1997; 50: 1369–1376.
Abdul-Ghani MA, Jenkinson CP, Richardson DK, et al. Insulin
secretion and action in subjects with impaired fasting
glucose and impaired glucose tolerance: results from the
Veterans Administration Genetic Epidemiology Study.
Diabetes 2006; 55: 1430–1435.
Abdul-Ghani MA, Tripathy D, DeFronzo RA. Contributions of
beta-cell dysfunction and insulin resistance to the
pathogenesis of impaired glucose tolerance and impaired
fasting glucose. Diabetes Care 2006; 29: 1130–1139.
Nathan DM, Davidson MB, DeFronzo RA, et al. Impaired
fasting glucose and impaired glucose tolerance:
implications for care. Diabetes Care 2007; 30: 753–759.
Festa A, D’Agostino R Jr, Hanley AJ, et al. Differences in
insulin resistance in nondiabetic subjects with isolated
impaired glucose tolerance or isolated impaired fasting
glucose. Diabetes 2004; 53: 1549–1555.
Kakouros N, Rade JJ, Kourliouros A, et al. Platelet function in
patients with diabetes mellitus: from a theoretical to a
practical perspective. Int J Endocrinol 2011; 2011: 742719.
Peng L, Yang J, Lu X, et al. Effects of biological variations
on platelet count in healthy subjects in China. Thromb
Haemost 2004; 91: 367–372.

J Diabetes Invest Vol. 5 No. 1 January 2014

71

