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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
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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 fast-

ing glucose group (IFG; n = 205) and impaired glucose tolerance group (IGT; n = 252).

doi: 10.1111/jdi.12117

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 con-
trast, no significant correlation was observed between MPV and postchallenge glucose lev-
els 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 post-
prandial hyperglycemia might be at increased cardiovascular risk.

INTRODUCTION

Platelets play an important role in the integrity of normal he-
mostasis; an accurate measure of the platelet size is considered
a marker and determinant of platelet function'. Larger platelets
with higher mean platelet volume (MPV) are hemostatically
more reactive and produce higher amounts of the prothrom-
botic factor thromboxane A2, increasing the propensity to
thrombosis®. Therefore, increased MPV is emerging as an inde-
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pendent risk factor for thromboembolism?, stroke and myocar-
dial infarction®”. 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 dia-
betes®”.

Individuals with prediabetes are at a high risk of not only
developing diabetes, but also adverse cardiovascular events later
in life®”. 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 normoglyce-
mic subjects'’. Prediabetes is usually diagnosed on the basis
of impaired glucose tolerance (IGT) or impaired fasting
glucose (IFG) levels''. 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 ten-
dency to develop diabetes; however, individuals with IGT are
more likely to develop cardiovascular diseases (CVD) than
those with IFG'. A meta-analysis showed that the risk of car-
diovascular diseases is more strongly associated with postload-
ing glucose levels than with FPG levels". 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 levels'®. 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 diabetes®'®, and in IGT'®,
only one report has addressed the correlation between MPV
and 2 h-PG levels after OGTT in IGT'®, Furthermore, no study
has compared MPV and 2 h-PG levels after OGTT in individ-
uals 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 Japa-
nese 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 lida 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)".

Participants with diabetes or those receiving hypoglycemics
were excluded. Participants with abnormal platelet counts
(<100 and >400 x 10°/uL) 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
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the present study. Informed consent was obtained from all sub-
jects 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) choles-
terol >140 mg/dL, high-density lipoprotein (HDL) cholesterol
<40 mg/dL, triglycerides >150 mg/dL or having been treated
for dyslipidemia®. Hypertension was defined as SBP
>140 mmHg, DBP >90 mmHg or presently taking any medica-
tion prescribed for hypertensionu. The body mass index (BMI)
was calculated as weight/height® (kg/m?).

A questionnaire was used to obtain information about famil-
ial medical history and the participants’ lifestyle, such as smok-
ing 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 ciga-
rettes during their lifetime were considered non-smokers, those
who had smoked >100 cigarettes and were currently not smok-
ing were considered former smokers, and those who had
smoked >100 cigarettes and were currently smoking were con-
sidered 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 ver-
sion 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 y*-test was used to compare the cate-
gorical 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 cho-
lesterol (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 * stan-
dard deviation. A P-value of <0.05 was considered statistically

significant.

RESULTS

The characteristics of the 582 NGT participants, 205 IFG par-
ticipants 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

NGT IFG IGT P-values

No. patients 582 205 252
Men (%) 60.5 7707 86.8 <0001
MPV (fl) 992 £+ 069 1000 £+ 0.80 1009 + 0.80 0.104
Count of platelets (10° cells/pl) 2193 £ 532 2273 £ 560 2104 £ 489 0455
Age (years) 5455+ 790 5583 + 759 5861 £ 10.14 <0.001
BMI (kg/mz) 2264 £ 295 23.78 £ 296 2435 + 364 <0001
SBP (mmHg) 11991 £ 1615 12528 £ 1559 12608 £ 16.60 <0.001
DBP (mmHg) 7325 £ 1147 7620 £ 11.05 7610 £ 1143 <0001
UA (mg/dL) 547 £ 134 593 £ 130 605+ 1.22 <0.001
TC (mg/dL) 20436 £ 3204 20402 £ 3284 20449 £ 3259 0989
TG (mg/dL) 10941 £+ 7956 116.72 £ 69.55 14807 = 750 <0.001
Log TG 197 £1.15 208 £ 024 200 £ 199 <0001
HDL-C (mg/dL) 0694 + 1561 63.20 + 14.15 00.79 + 14.23 <0.001
LDL-C (mg/dL) 11763 + 2761 119.17 £ 2951 11856 + 25.76 0.89%4
hsCRP (mg/dL) 0070 £ 0.186 0073 £ 0297 0.115 £ 0.159 <0001
Log hsCRP -1.28 £ 022 -0.16 £ 024 -1.09 + 046 <0.001
FPG (mg/dL) 91.56 £ 5335 10663 + 105.25 10330 + 1042 <0.001
1 h-PG (mg/dL) 12830 *+ 7662 14994 + 52.70 18907 + 3705 <0001
2 h-PG (mg/dL) 102.30 £ 59.70 110.22 + 109.00 161.06 = 1555 <0.001
Hypertension (%) 1323 2049 26.19 <0.001
Dyslipidemia (%) 31.96 36.10 39.29 <0001
Familial history of diabetes (%) 1065 1707 2183 <0.001
Smoking status (%)

Current 1718 2000 1984 <0001

Former 319 3366 3849

Never 50.86 4634 50.00
Alcohol ingestion (%)

Regularly 2371 2732 2778 <0.001

Occasionally 3505 3707 4048

Never or rarely 4124 3561 3175

Data are shown as the mean =+ standard deviation and percentage (%). P-values were calculated using the anova and y*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 C-
reactive protein level, smoking status, and alcohol consumption
were different in all three groups.

In bivariate correlation analyses of MPV and other parame-
ters in the NGT subjects, MPV showed a significant positive
correlation with FGP and 1 h-PG levels. In the IGT partici-
pants, MPV showed a significant positive correlation with 2 h-
PG levels, TC and LDL cholesterol. In contrast, in the partici-
pants 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

levels significantly correlated with MPV, even after adjustment
for the aforementioned confounding factors. In the IGT partici-
pants, the 2 h-PG levels remained as the first independent pre-
dictors. 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 indepen-
dently 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 proteins®*; increased MPV has also been reported in
diabetes®", IGT'®"” and gestational diabetes®’. We have previ-
ously reported that MPV is positively and independently corre-
lated with FPG levels, not only in prediabetic subjects, but also
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Table 2 | Correlations between mean platelet volumes and various
parameters
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IGT subjects, even after correcting for the confounding vari-
ables. Our cross-sectional study cannot explain why 2 h-PG
levels are associated with elevated MPV in IGT subjects. How-

NGT IFG IGT
ever, we hypothesized that transient and acute hyperglycemia,
n =582 n =205 n=252 which induces oxidative stress, results in an elevated MPV**, In
. b ! o ! o the IGT subjects, it has been shown that the association
values values values  between 2 h-PG levels and the risk of death from cardiovascu-
lar disease and other causes is independent of FPG levels®.
FPG (mg/dL) 0083 00453 00414 05552 01137 01631  The present results might partly explain the increase in cardio-
1 h-PG (mg/dl) 0088 00388 01000 01535 00146 08625  yascular events in patients with postchallenge glucose excur-
2 h-PG (mg/dl) 00503 02259 00360 06081 01338 00100 sions.
Sex 0106403421 01435 05445 03767 03871 There is increasing epidemiological evidence for the associa-
Age (years) 00717 0084 00482 04924 -00072 09301 . . .
BMI (kg/m?) 00026 02144 01464 00362 00056 09458 t¥on of post}?rand1al glqu)se lze6vels and macrovascular comPhca-
SBP (mmHg) 00032 09390 01770 00111 01581 00517 tons, even in NGT subjects™. T(.) our knowledge, ours is the
DBP (mmHg) 00070 08666 02154 00019 01237 01290 frst study to evaluate the correlation between MPV and blood
UA (mg/dL) 00259 05334 01039 01381 01306 01088 glucose levels after an oral glucose load in NGT subjects. The
TC (mg/dL) 00035 09325 00814 02458 01732 00328  present results showed a significant correlation between MPV
Log TG -06093 08238 00495 04812 00656 04218 and 1 h-PG levels in these subjects. However, no correlation
HDL-C (mg/dl) 00030 09430 -00561 04245 —-00379 06427  was observed between MPV and 2 h-PG levels in NGT sub-
LDL-C (mg/dl) 00358 03892 00726 03006 02543 00016  jects. Although the importance of postchallenge glucose levels
Log hsCRP 00114 07845 00245 07643 00716 04331 during OGTT, other than 2 h-PG levels, has not been clearly

Coefficients () and P-values are calculated using the Pearson’s correla-
tion model. 1 h-PG, T 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 lipo-
protein cholesterol; IFG, impaired fasting glucose; IGT, impaired glucose
tolerance; LDL-C, low-density lipoprotein cholesterol; Log hsCRP, log-
transformed 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
variables'.

Coban et al.'® 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 consid-
ered to have a pronounced impact on MPV, such as blood
pressure, dyslipidemia, high-sensitivity C-reactive protein or
smoking status*, In the present study, we confirmed the afore-
mentioned positive correlation in an adequate sample size of

defined, it has been shown that NGT subjects with elevated
1 h-PG levels develop carotid atherosclerosis, a sign of early
cardiovascular atherosclerosis®’. Furthermore, elevated 1 h-PG
levels during OGTT are associated with an increase in cardio-
vascular mortality and morbidity, and all causes of mortality in
the general population®®*’, Therefore, the present results sug-
gest that the relationship between elevated MPV and 1 h-PG
levels might be closely associated with cardiovascular risk fac-
tors 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 con-
centration curve after a glucose load during OGTT and a
mixed meal®™". IFG, characterized by fasting hyperglycemia, is
associated with decreased hepatic insulin resistance and
decreased first-phase insulin secretion. Conversely, IGT, charac-
terized 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

NGT IFG IGT

n =582 n = 205 n =252

Standardized 3 P-values Standardized P-values Standardized P-values
FPG (mg/dL) 0011 0010 0.006 0384 0013 0032
1 h-PG (mg/dL) 0018 0.006 0.009 0.201 0031 0070
2 h-PG (mg/dL) 0.005 0.295 0.090 0.565 0.009 0015

1 h-PG, 1 h post-challenge plasma glucose; 2 h-PG, 2 h post-challenge plasma glucose; FPG, fasting plasma glucose; IFGimpaired fasting glucose;
IGT, impaired glucose tolerance; NGT, normal glucose tolerance.
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early- and late-phase insulin secretions®" >°. Platelet function is
directly regulated by insulin through a functional insulin recep-
tor found on platelet522’34. Therefore, these differences between
pathophysiological mechanisms of abnormal glucose homeosta-
sis 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>> 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 sea-
sonal 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 measure-
ments 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.
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