
Articles © The authors   |   Journal compilation © J Clin Med Res and Elmer Press Inc™   |   www.jocmr.org
This article is distributed under the terms of the Creative Commons Attribution Non-Commercial 4.0 International License, which permits 

unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited
345

Original Article J Clin Med Res. 2018;10(4):345-350

The Relationship Between Mean Platelet Volume and 
Fasting Plasma Glucose and HbA1c Levels in a Large 

Cohort of Unselected Health Check-Up Participants

Shinichiro Oshimaa, Takakazu Higuchib, c, e, Sadamu Okadab, Osamu Takahashid

Abstract

Background: Larger platelets are more active and mean platelet vol-
ume (MPV) is an indicator of platelet activation and an independent 
risk factor of cardiovascular diseases. While MPV is reported to be 
higher in diabetic patients, the relationship between MPV and glyce-
mic parameters in general population remains inconclusive.

Methods: In this cross-sectional study, we studied relationship be-
tween MPV and fasting plasma glucose (FPG) and HbA1c levels in 
38,204 unselected participants of general health check-up aged 20 
years or older in the year of 2014 who were considered to be repre-
sentative of the general population. Individuals with known diabetes, 
coronary artery disease and/or cerebrovascular disease who were on 
drug therapy and those with platelet counts below 100 × 109/L or 
above 400 × 109/L were excluded.

Results: The mean age of the individuals was 52.3 ± 12.1 years and 
46.1% were male. There were positive associations between MPV 
and both FPG (r = 0.066; P < 0.001) and HbA1c (r = 0.025; P < 0.001) 
levels when all individuals were analyzed as a whole. While the as-
sociation was only marginal in individuals with HbA1c levels below 
6.5% (r = 0.009; P = 0.068), it was significant in those with HbA1c 
≥ 6.5% (r = 0.138; P < 0.001). When the individuals were catego-
rized into four groups according to the HbA1c values: HbA1c < 5.5%, 
5.5% ≤ HbA1c < 6.0%, 6.0% ≤ HbA1c < 6.5%, and HbA1c ≥ 6.5%, 
the mean MPV was virtually same among groups with HbA1c level < 
6.5% and that of the individuals with HbA1c ≥ 6.5 was significantly 
higher than groups with lower HbA1c levels. Multivariate analyses 
adjusted with age and sex showed the same results.

Conclusion: FPG and HbA1c appeared to be associated with MPV in 
unselected health check-up participants; however, the association be-
tween glycemic state and MPV was apparent only in individuals with 
impaired glycemic control and only marginal in those with normal 
glycemic control. The clinical significance of the associations war-
rants further study.
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Introduction

Cardiovascular disease is one of the major complications in 
patients with diabetes mellitus (DM). Diabetic patients are 
known to be in a prothrombotic state and at an increased 
risk of macrovascular complications such as coronary ar-
tery, cerebrovascular, and peripheral vascular diseases. 
Multiple mechanisms underlie the prothrombotic state and, 
among them, platelet activation is considered to play an 
important role in the pathogenesis of thrombotic complica-
tions in patients with DM [1, 2]. A number of factors are 
reported to be associated with hyperactive platelets in pa-
tients with DM [3-6] and the size of platelets is considered 
to be involved in the activation, larger platelets being more 
active [6].

Mean platelet volume (MPV) is an indicator of platelet 
size which is determined automatically by automated blood 
cell counters and is an easy and inexpensive parameter of acti-
vation of platelets [2, 7, 8]. Platelet activation is well known to 
be very important among various pathophysiological mecha-
nisms of atherosclerosis and there is an association between 
higher MPV value and coronary artery and cerebrovascular 
diseases and higher MPV is reported to be an independent risk 
factor of cardiovascular events [9-11].

It is well known that high blood glucose level is an inde-
pendent risk factor of cardiovascular event. The size of plate-
lets determined by MPV is reported to be larger in patients with 
DM [12-17] and may contribute to the prothrombotic state in 
patients with DM [1]. However, the relationship between MPV 
and glycemic parameters in non-diabetic individuals remains 
inconclusive and it is not yet known whether there is a true 
physiological association between platelet size and glycemic 
state in general population [18, 19]. We conducted this cross-
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sectional study of a large cohort of unselected participants of 
general health check-up to clarify the physiological associa-
tion. If such association exists, it might be applied to detect 
the individual with higher risk of developing cardiovascular 
events by MPV and to allow early intervention and/or preven-
tive measures.

Methods

This study is a retrospective observational study. All the in-
dividuals had approved the use of their data and The Ethics 
Committee of St. Luke’s International Hospital approved the 
use of their clinical data.

Study population and data collection

We performed a retrospective search on the electronic data-
base of all individuals aged 20 years or older who had health 
check-up at the Center for Preventive Medicine affiliated to 
St. Luke’s International Hospital, Tokyo, Japan from January 
2014 to December 2014. Exclusion criteria were patients who 
were taking medication including insulins for DM, coronary 

artery disease, and/or cerebrovascular disease including tran-
sient ischemic attack. In addition, subjects with platelet counts 
less than 100 × 109/L or more than 400 × 109/L were excluded 
to exclude subjects with possible hematological diseases which 
could affect MPV. For the individuals who had more than one 
health check-ups in 2014, only the results of the first check-
up were studied. The medical information and laboratory data 
were collected by reviewing the electronic medical records. In 
all subjects, the blood samples were analyzed within 15 min 
after blood collection and complete blood cell count and MPV 
were analyzed with Sysmex XE-2100 automated cell counter 
(Sysmex Corp., Japan).

Statistical analysis

Statistical analyses were performed using the IBM SPSS ver. 
22 (Tokyo, Japan). The comparisons among groups were per-
formed using ANOVA for continuous variables with Bonfer-
roni correction when appropriate. Pearson’s correlation coef-
ficients were calculated to evaluate the relationship between 
MPV and fasting plasma glucose (FPG) and HbA1c. As this 
study was not intended to compare MPV values according to 
their glucose tolerance status, subjects were stratified based on 

Figure 1. Study flow diagram.



Articles © The authors   |   Journal compilation © J Clin Med Res and Elmer Press Inc™   |   www.jocmr.org 347

Oshima et al J Clin Med Res. 2018;10(4):345-350

the HbA1c into the following four groups: group 1 (HbA1c 
< 5.5%), group 2 (5.5% ≤ HbA1c < 6.0%), group 3 (6.0% ≤ 
HbA1c < 6.5%), and group 4 (HbA1c ≥ 6.5%), and analyzed 
with MPV as the outcome using multiple linear regression 
analysis and adjusted with age and sex. All analyses were two 
tailed and P values below 0.05 were considered to be statisti-
cally significant.

Results

Forty-two thousand three hundred fifty-four subjects had gen-
eral health check-up from January 2014 to December 2014 
(Fig. 1). Out of them, 2,095 individuals who were taking medi-
cation for DM, coronary artery disease, and/or cerebrovascular 
disease were excluded. One hundred and fifteen and 1,940 in-
dividuals were also excluded due to the platelet count less than 
100 × 109/L or more than 400 × 109/L and incomplete data, 
respectively. As a result, 38,204 subjects were enrolled in this 
cross-sectional study.

The characteristics of the 38,204 subjects included in the 
analyses are presented in Table 1. The mean age was 52.3 (SD: 
12.1) years and 17,622 (46.1%) were male. The mean FPG 
level was 98.9 ± 11.3 mg/dL and the mean HbA1c level was 
5.5±0.4% and, thus, it was obvious that the study population 
included a considerable number of individuals with overt DM 
or impaired glucose tolerance who had been treated with non-
drug therapy or who had not been under medical attention be-
fore (Figs. 2 and 3). The mean MPV of the entire subjects was 
9.97 ± 0.71 fL.

We first studied the correlations between indicators of 
glycemic status and MPV in the whole subjects. Positive cor-
relations were found between MPV and both FPG (r = 0.066, 
P < 0.001) (Fig. 2) and HbA1c (r = 0.025, P < 0.001) (Fig. 3) 
levels when all subjects were analyzed as a whole, indicating 
that there are linear correlations between both FPG and HbA1c 
levels and MPV in unselected individuals.

We next stratified the subjects into four groups accord-
ing to the HbA1c value and compared the mean MPV of the 
groups (Table 2). A total of 15,974 subjects were stratified in 
group 1 (HbA1c < 5.5%), 18,044 in group 2 (5.5% ≤ HbA1c 
< 6.0%), 3,529 in group 3 (6.0% ≤ HbA1c < 6.5%), and 657 
in group 4 (HbA1c ≥ 6.5%). The mean age of the groups with 
higher HbA1c level was significantly older and the groups with 
higher HbA1c level included significantly more male than the 
lower HbA1c groups (P < 0.001 for both characteristics). The 
mean MPV value in group 2 was 0.004 fL larger than that in 
group 1; however, statistically they were virtually the same (P 
= 1.0) (Fig. 4). Thereafter, the mean MPV value appeared to 
increase in the groups with higher HbA1c value; however, the 
increase was not significant among individuals in non-diabetic 
range, the increases in the mean MPV between group 3 and 

Table 1.  Characteristic of the Entire Subjects (n = 38,204)

Characteristics
Age, mean (SD), years 52.3 (12.1)
Male, n (%) 17,622 (46.1)
FPG, mean (SD), mg/dL 98.9 (11.3)
HbA1c, mean (SD), % 5.5 (0.4)
MPV, mean (SD), fL 9.97 (0.71)

FPG: fasting plasma glucose; MPV: mean platelet volume.

Figure 2. Pearson’s correlation showing a linear relation between mean platelet volume (MPV) and fasting plasma glucose 
(FPG).
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group 1 being 0.025 fL (P = 0.313). The mean MPV of group 
4 was 0.125 fL larger than group 1 (P < 0.001), showing a 
significant increase in MPV value in the group with HbA1c 
level in diabetic range compared to the group with the lowest 
HbA1c level. When the mean MPV values of each two groups 
were analyzed with Bonferroni correction, the difference was 
significant only between group 4 and either of groups 1, 2, and 
3, with P values being < 0.001, < 0.001, and 0.006 for each 
comparison.

Based on these findings, we analyzed the correlation be-
tween HbA1c and MPV levels in individuals with HbA1c lev-
els below 6.5% and found that the correlation was only mar-
ginal in non-diabetic individuals (r = 0.009; P = 0.068). On 
the other hand, the correlation was significant in individuals 
with HbA1c ≥ 6.5% (r = 0.138; P < 0.001). These findings sug-
gested that, while MPV appeared to be positively associated 
with glycemic state, the association was not apparent in non-
diabetic individuals and was evident only in individuals with 

impaired glycemic control.

Discussion

Macrovascular complications are major causes of death in pa-
tients with DM and of the utmost importance in the manage-
ment of DM. While multiple factors such as endothelial dys-
function and activation of coagulation system contribute to the 
prothrombotic state in diabetic patients [1], activated platelets 
play an essential role in the development of macrovascular 
complications [3-6]. Platelets are activated in patients with 
DM by various mechanisms such as increased platelet surface 
expression of glycoproteins Ib and IIb-IIIa, increased produc-
tion of reactive oxygen species and thromboxane A2, altered 
calcium homeostasis, increase in tyrosine phosphorylation, 
and impaired generation of nitric oxide [3-6]. In addition, al-
though some reports argue against the notion [20, 21], most re-

Figure 3. Pearson’s correlation showing a linear relation between mean platelet volume (MPV) and HbA1c.

Table 2.  Characteristics and Laboratory Data of the Subjects Categorized According to HbA1c Value

Group 1 Group 2 Group 3 Group 4 P value
HbA1c (%) < 5.5 5.5 - 5.9 6.0 - 6.4 ≥ 6.5
Number of subjects 15,974 18,044 3,529 657
Male, number (%) 6,957 (43.6) 8,452 (46.8) 1,760 (49.9) 453 (68.9) < 0.001
Age, mean (SD), years 47 (11) 54 (12) 61 (11) 62 (12) < 0.001
MPV, mean (SD), fL 9.96 (0.71) 9.97 (0.71) 9.99 (0.70) 10.09 (0.72) < 0.001
Platelets, mean (SD), 109/L 216 (43.5) 217 (45.1) 218 (47.8) 214 (46.4) 0.007
FPG, mean (SD), mg/dL 95.0 (7.5) 99.2 (8.4) 108.3 (11.4) 136.2 (33.4) < 0.001

MPV: mean platelet volume; FPG: fasting plasma glucose.
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ports have noted that the size of the platelets as determined by 
MPV is higher in patients with DM [12-17] and also in patients 
with impaired glucose tolerance [15, 22] than normal subjects 
and associated with platelet activation. MPV is an indicator of 
platelet size and large platelets are more active physiologically 
and enzymatically [2]. Larger platelets contain more granules 
and produce greater amounts of vasoactive and thrombotic 
factors, possess greater aggregability in response to stimulus, 
and express a greater number of adhesion molecules [8]. These 
findings indicate the contribution of larger activated platelets 
in the development of thrombotic complications in diabetic 
patients. Also, clinical relevance of MPV is demonstrated by 
the observations that MPV is higher in patients with coronary 
artery disease and associated with prognosis [9, 10, 16]. As the 
size of platelets is considered to remain fairly constant during 
their life-span [2, 23], the mechanism of the increased plate-
let volume in diabetic patients is not fully clarified, although 
osmotic swelling of platelet induced by hyperglycemia [24] 
and accelerated platelet turnover [1] are considered to be at-
tributed.

If there is a true physiological association between indi-
cators of glycemic control and MPV, the association should 
be observed in a general population as well and, if there is an 
association, it would be possible to detect individuals in both 
diabetic and non-diabetic populations with activated platelets 
easily and without additional costs and to intervene to prevent 
future thrombotic events. Thus, we studied a large cohort of in-
dividuals who were considered to be representative of general 
population using HbA1c and FPG as indicators of the glyce-
mic state.

Studies on the association between glycemic status and 

MPV in general population are limited and included smaller 
number of participants of health check-ups with inconsistent 
results [18, 19, 25]. One report studied 1,876 subjects and 
found that MPV was positively associated with FPG level 
[25]. Another studied 4,072 subjects and found a positive as-
sociation between MPV and HbA1c level [19]. However, the 
third report by Kim et al which studied 3,098 individuals was 
against such associations [18]. They found a positive corre-
lation between MPV and FPG level only in diabetic women 
but not in individuals with normal glucose tolerance and inter-
mediate hyperglycemia. We did not subdivide individuals into 
groups according to their glucose tolerance status but studied 
the association simply based on the laboratory values as con-
tinuous variables because our aim was to study the physiologi-
cal association between glycemic status and MPV in general 
population. Thus, we could not determine the difference ac-
cording to their diagnosis, such as impaired glucose toler-
ance and diabetes. Nonetheless, our study involved far larger 
number of individuals from general population and found that, 
while there appeared to be some physiological correlation be-
tween glycemic control and MPV in individuals as a whole, 
the correlation was very weak in non-diabetic range and was 
significant only in individuals with impaired glycemic control.

If there is a physiological association between the indica-
tors of glycemic state and MPV, the clinical relevance of MPV 
in general population does not appear very high at present be-
cause of the wide variation of MPV value at given levels of 
FPG and HbA1c compared to the normal reference range of 
MPV: 7.7 - 13.9 fL, and also of the modest difference of 0.125 
fL in the mean MPV values between the highest and lowest 
HbA1c groups.

Figure 4. Distribution of mean platelet volume (MPV) in groups stratified according to the HbA1c values. Box-whisker plots of 
MPV in each group categorized by HbA1c value: group 1 (HbA1c < 5.5%), group 2 (5.5% ≤ HbA1c < 5.9%), group 3 (6.0% ≤ 
HbA1c < 6.5%), and group 4 (HbA1c ≥ 6.5%), are presented. Lines indicate interquartile range.
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Other limitations of this study are that this is a cross-sec-
tional study and the outcome is not the incidence of cardiovas-
cular event. Therefore, prospective studies to evaluate whether 
the hyperglycemic status increases MPV continuously and the 
decrease in MPV value is associated with the reduction in the 
risk of developing cardiovascular events are necessary to de-
termine the clinical significance of MPV.

Nonetheless, this study demonstrated that parameters of 
glycemic control is associated with MPV at least in unselected 
general population with unrecognized or untreated impaired 
glycemic state and the clinical significance of the association 
warrants further study.
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