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Abstract

Objective: To examine the effects of acute hyperglycemic stress
on platelet activation by analyzing the plasma levels of P-selectin,
beta-thromboglobulin, and platelet indices in an oral glucose to-
lerance test (OGTT). Material and Methods: The OGTT results
were used to form four study groups: a control group (n=31) and
a prediabetic group (n=103) comprising three subgroups accor-
ding to the American Diabetes Association criteria for diabetes.
Platelet count (PLT), mean platelet volume (MPV), platelet distri-
bution width (PDW), and plateletcrit (PCT) were determined using
the impedance method, and P-selectin and beta-thromboglobulin
(B-TG) levels were determined by enzyme-linked immunosorbent
assay. P<0.05 was considered significant. Results: No significant
difference was observed in the baseline values of PLT, platelet in-
dices, or plasma P-selectin level between the control and predia-
betic groups. The baseline plasma B-TG level was significantly
higher in the prediabetic group than in the control group
(p<0.001). PLT, PCT and P-selectin levels significantly reduced du-
ring OGTT in both control (p<0.05 for each) and prediabetic gro-
ups (p<0.001 for each). The reduction in PCT (3.88%) and PLT
(3.18%) after glucose loading was greater in the prediabetic
group than in the control group (2.04% and 1.44%, respectively).
The MPV decreased in the prediabetic group (p<0.05), while no
significant decrease was observed in the control group. Conclu-
sion: The platelet indices do not change in the prediabetic stage
and the initiation of granule activation is independent of platelet
morphology. Acute hyperglycemia appears to affect platelet morp-
hology and function in both healthy and prediabetic subjects, and
can be marked in prediabetic individuals.

Keywords: Platelet Activation; mean platelet volume;
prediabetic state; hyperglycemia

Ozet

Amag: Calismamizin amaci, prediyabetik hastalarda plazma P-se-
lektin ve beta-tromboglobulin diizeyleri ile trombosit indekslerinin
iliskisinin incelenmesi ve oral glukoz ylklemesi ile olusturulan akut
hiperglisemik stresin trombosit aktivasyon belirtegleri izerine etki-
sinin arastirimasidir. Gereg ve Yontemler: Amerikan Diyabet Der-
nedi kriterlerine gore; oral glukoz tolerans testi sonuglari baz
alinarak kontrol (n=31) ve prediyabet (n=103) gruplari olusturuldu.
Oral glukoz ylklemesinden dnce ve yliklemenin 2. saatinde alinan
kan 6rneklerinde trombosit sayisi [platelet count (PLT)], ortalama
trombosit hacmi [mean platelet volume (MPV)], trombosit dagihm
genisligi ve plateletkrit [plateletcrit (PCT)] impedans yontemi ile P-
selektin ve beta-tromboglobiilin diizeyleri “Enzyme Linked immu-
nabsorbent Assay” yéntemi ile belirlendi. Istatistiksel anlamlilik
p<0,05 olarak dederlendirildi. Bulgular: Trombosit sayisi ve in-
deksleri ile plazma, P-selektin bazal degerleri agisindan kontrol ve
prediyabet gruplari arasinda anlaml farklihk saptanmadi. Bazal
plazma beta-tromboglobiilin diizeyleri prediyabet grubunda, kontrol
grubuna goére anlamh ylksek bulundu (p<0,001). Glukoz yiklemesi
sonrasinda PLT, PCT ve P-selektin dederleri kontrol (her biri igin
p<0,05) ve prediyabet (her biri igin p<0,001) gruplarinda bazal de-
gerlere gore anlamli olarak azaldi. PCT ve PLT'deki azalma orani pre-
diyabetik grupta (%3,88 ve %3,18) kontrol grubuna (%2,04 ve
%1,44) gore daha belirgindi. Prediyabet grubunda kontrol grubun-
dan farkh olarak MPV'de de anlamli azalma gozlendi (p<0,05).
Sonug: Galismamizin sonuglari, prediyabetik dénemde trombosit
buyukligu henuiz etkilenmeden grandil aktivasyonunun basladigini
ve trombosit indekslerinin prediyabetik donemde degdismedigini di-
stindirmektedir. Akut hiperglisemi ise hem saglkli hem prediyabe-
tik kisilerde, trombosit morfolojisi ve fonksiyonlarini etkilemektedir;
bu etkilenme prediyabetik bireylerde daha belirgin olmaktadir.

Anahtar kelimeler: Trombosit aktivasyonu; ortalama trombosit hacmi;
prediyabet; hiperglisemi
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Prediabetes is defined as a high fasting
plasma blood glucose level but less than the
limit defined as diabetes (1). In the predia-
betic stage, patients have an impaired fast-
ing glucose (IFG) and/or impaired glucose
tolerance (IGT).

{Barbour Fernandes, 2018 #79}Type 2 dia-
betes mellitus (DM) develops in nearly 70%
of long-term follow-up prediabetic patients.
The risk of developing diabetes among pre-
diabetic patients is approximately 5% to
10% (1). Hyperglycemia may have a role in
the development of atherosclerosis through
several mechanisms (2). The risk of condi-
tions related to cardiovascular diseases such
as obesity, dyslipidemia, and hypertension
is frequently monitored in the prediabetic
period (3-5).

Platelets play a crucial role in the develop-
ment of atherogenesis and thrombus (6).
Changes in platelet morphology and function
have been shown to be associated with ath-
erosclerosis and thrombus formation in con-
ditions such as diabetes, acute coronary
syndrome, sepsis, and stroke (7-11). Carbo-
hydrate-rich nutrition and glucose loading can
lead to platelet activation (12, 13), indicating
that platelet functions may be affected in the
prediabetic period.

Platelet indices, which reflect platelet mor-
phology, can be determined in a routine com-
plete blood count with no additional cost. The
mean platelet volume (MPV) indicates the av-
erage platelet size, while platelet distribution
width (PDW) reflects the heterogeneity of
platelet size. Plateletcrit (PCT) is the percent-
age of blood coated by platelets (14). Larger
platelets are more reactive, can express more
surface molecules, and contain more secre-
tory granules (15). Therefore, platelet indices,
especially MPV, may be a marker of platelet
activation (16).

P-selectin (P-sel), or CD62P, is a glycoprotein
adhesion molecule stored in both the Weibel-
Palade bodies of endothelial cells and the
alpha-granules (a-granules) of platelets (17).
After platelet activation, P-sel is rapidly
translocated from the alpha-granule to the
membrane and mediates leukocyte-platelet or
leukocyte-endothelial cell adhesion. It is also
released into circulation in a soluble form (sP-
sel) (18). The plasma concentration of sP-sel
increases in several inflammatory and throm-

botic diseases and is also accepted as an in-
dicator of increased cardiovascular risk (11,
19, 20).

One of the markers of platelet activation is
beta-thromboglobulin (B-TG). B-TG is stored
in alpha granules of platelets; it is an 81
amino acid tetrameric protein derived from
the proteolytic cleavage of the platelet basic
protein (21). Although B-TG is reported to
have chemotactic activity for fibroblasts, the
physiological effects are not yet fully under-
stood. Recent studies have revealed that B-TG
acts as a pro-coagulant by both increasing
thrombin formation and regulating the factor
X enzymatic activity (22).

Technological developments have enabled ac-
curate measurement of platelet indices with
hematology analyzers. The easy, rapid, and
inexpensive detection of platelet indices has
created a research area for studying diseases
using these indices. Among these markers,
the majority of studies have focused on MPV.
Accurately measured platelet size is consid-
ered to be a good indicator of platelet func-
tion (23). On the other hand, sP-sel and B-TG,
which are released from a-granules by
platelet activation, affect the development
and progression of the atherosclerotic
process (17, 22, 24). The role of platelets in
the development of vascular complications
in diabetic patients has been discussed in
the literature (25, 26). The present study in-
vestigates the effect of acute hyperglycemia
induced with an oral glucose tolerance test
(OGTT) on platelet function and activation in
prediabetic patients.

In this cross-sectional study, the patient
group comprised individuals who had un-
dergone an OGTT between March 2017 and
March 2018 at the Cerrahpasa Medical Fac-
ulty Fikret Biyal Medical Biochemistry Labo-
ratory. The study was conducted in
accordance with the Helsinki Declaration of
principles and approved by the Ethics Com-
mittee of Istanbul University-Cerrahpasa,
Cerrahpasa Medical Faculty (date:
22.12.2016/ number: 68871907-
604.01.01-462235). The study was ex-
plained verbally to all of the participants and
written consent was obtained.
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The patients were classified according to
American Diabetes Association criteria. Pa-
tients who had a fasting plasma glucose
(FPG) level of <100 mg/dL and an OGTT 2-
hour plasma glucose (PG) level <140 mg/dL
were classified as the control group (n=31).
The prediabetic groups included the IFG
group, an FPG level of 100-125 mg/dL and a
2-hour PG value <140 mg/dL (n=60); the
IGT group, an FPG level <100 mg/dL and a
2-hour PG value of 140-199 mg/dL (n=14);
and the IFG+IGT group, an FPG level of
100-125 mg/dL and a 2-hour PG level of
140-199 mg/dL (n=29).

The individuals included in the study did not
have Type 1 or Type 2 DM, any malignancy,
cardiovascular disease, chronic or acute in-
flammatory disease, kidney disease, severe
anemia (hemoglobin <9 g/dL), or platelet
count (PLT) disorder (PLT<100.000\mm?3 or
>400.000\mm?3). The subjects did not use
treatment agents (anticoagulant, antiaggre-
gant, antihypertensive, oral contraceptive,
or statin) and smoked no more than five cig-
arettes a day.

A 75-g OGTT was performed between 8:00
and 10:00 am after 12 hours of fasting. Ve-
nous blood samples were collected into
tubes containing anticoagulants (K3 EDTA,
2 mL, 367836; Becton, Dickinson and Com-
pany, Franklin Lakes, NJ, USA) and serum
separator tubes (SST II, 5 mL, 367953;
Becton, Dickinson and Company, Franklin
Lakes, NJ, USA) before and after 2-hour oral
glucose testing.

PLT, MPV, PDW and PCT were determined by
impedance method, within 2 hours in ethyl-
enediaminetetraacetic acid (EDTA) whole
blood (Unicel DxH 800; Beckman Coulter,
Inc., Brea, CA, USA). A platelet histogram
was obtained using a volume size of 2-30 fL.
The mean of the curve was determined as
MPV and the distribution width at the level of
20% was defined as PDW. PCT was calcu-
lated using the formula PLT * MPV / 100.
The inter-assay coefficients of variation (CV)
during the 12 months study period were in
the range of 1.98-3.72%, 0.74-0.96%,
0.49-0.73%, and 2.05-4.2% for PLT, MPV,
PDW, and PCT, respectively.

After the blood tubes containing EDTA were
centrifuged at 5000 rpm for 5 minutes, the

plasma samples were frozen and stored at
<-20°C until the sP-sel and B-TG analysis
were analyzed.

Plasma sP-sel (Human P-sel PicoKine ELISA
Kit, EKO505; Boster Biological Technology,
Pleasanton, CA, USA) and B-TG levels
(Finetest Human B-TG ELISA Kit, EHO874;
Wuhan Fine Biotech Co., Ltd., Wuhan,
China) were measured using the sandwich
enzyme-linked immunosorbent  assay
(ELISA) method. Intra-assay and inter-
assay CVs were 5.8% and 4.2% for sP-sel
and <8% and <10% for B-TG.

Plasma glucose (hexokinase method),
serum urea (enzymatic-kinetic method),
creatinine (kinetic Jaffe method), C-reactive
protein (CRP; immunoturbidimetric
method), total cholesterol, low-density
lipoprotein cholesterol and high-density
lipoprotein (LDL and HDL cholesterol; enzy-
matic-colorimetric method), and triglyc-
erides (enzymatic-colorimetric method)
levels were assayed using an autoanalyzer
(Cobas c702; Roche Diagnostics, Basel,
Switzerland). The serum insulin level was
determined using the chemiluminescence
method (Cobas c602; Roche Diagnostics,
Basel, Switzerland). Glycated hemoglobin
(HbA1c) was determined with the high-per-
formance liquid chromatography method
(Variant II Turbo; Bio-Rad Laboratories, Inc.,
Hercules, CA, USA). Body mass index (BMI)
was calculated as the weight divided by the
square of the height (kg/m?). Homeostasis
model assessment of insulin resistance
(HOMA-IR) was calculated using the formula
of [FPG (mg/dL) x fasting insulin (uU/mL)] /
405.

All statistical analyses were performed using
IBM SPSS Statistics for Windows, Version
20.0 (IBM Corp., Armonk, NY, USA). Normal
distribution was assessed using the Kol-
mogorov-Smirnov test. Analysis of variance
was used for multiple-group comparison.
Inter-group differences and intra-group dif-
ferences were evaluated with independent
and dependent samples t-tests, respec-
tively. Pearson’s correlation analysis was
performed for parametric tests. The results
are presented as mean+SD and a p value of
<0.05 was considered statistically significant
(95% confidence interval).
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The general characteristics and routine lab-
oratory test results of the control and predi-
abetic groups are mentioned in (Table 1).
The prediabetic group had a significantly
higher BMI, FPG, 2-hour PG, insulin, HOMA-
IR, HbA1c, total cholesterol, LDL cholesterol
and triglyceride level than the controls
(p<0.01, p<0.001, p<0.001, p<0.001,
p<0.001, p<0.001, p<0.005, p<0.005, and
p<0.05, respectively).

The baseline values of PLT, platelet indices,
plasma sP-sel, and B-TG in the control and
prediabetic groups are mentioned in (Table
2). The baseline plasma B-TG level was sig-
nificantly higher in the overall prediabetic
group (p<0.001) and the prediabetic sub-
groups (IFG: p<0.001, IGT: p<0.05,

and IFG+IGT: p<0.05) than in the control

group. There was no significant difference in
the baseline PLT, platelet indices, or plasma
sP-sel level between the prediabetic group
or the prediabetic subgroups and the control
subjects.

The PLT, platelet indices, plasma sP-sel, and
B-TG values 2 hours after glucose loading in
the control and prediabetic groups are pre-
sented in (Table 2). The prediabetic group
had a significantly higher 2-hour plasma B-
TG level than the control group (p<0.05).
There was no significant difference in the 2-
hour PLT, platelet indices, or plasma sP-sel
levels between the prediabetic group or the
prediabetic subgroups and the control sub-
jects.

The values of PLT, platelet indices, plasma
sP-sel, and B-TG before and 2 hours after

Prediabetic subgroups

Controls Prediabetic

(n=31) (n=103)
n (Female/male) 31 (18/13) 103 (68/35)
Age (years) 43.4+9.5 45.8+13.0
BMI (kg/m?) 26.3+6.6 30.7+9.0
Fasting plasma glucose (mg/dL) 94.4+4.2 110.2+10.1 ¢
OGTT 2 h plasma glucose (mg/dL) 97.0+18.6 129.1+£39.0 «
Insulin (pU/mL) 9.3+4.4 14.9+8.2 4
HOMA-IR 2.07+1.01 3.96+2.17 &
Total cholesterol (mg/dL) 171+£54 201444 =3
LDL cholesterol (mg/dL) 108+45 132+36 =3
HDL cholesterol (mg/dL) 51.6+16.1 52.6+20.8
Triglycerides {(mg/dL) 10977 148+£824
Urea (mg/dL) 24.9+£8.5 28.0+7.8
Creatinine {mg/dL) 0.68+0.15 0.72+£0.14
CRP (mg/dL) 2.9+3.8 2.9+3.0
HbA1lc (%) 5.40+0.43 5.80+£0.47%

a: Comparison with the control group; a!: p<0.05 a?: p<0.01 a3: p<0.005 a*: p<0.001

IFG IGT IFG+IGT
(n=60) (n=14) (n=29)
60 (37/23) 14 (8/6) 29 (17/12)
43.4%+13.2 44.6£12.5 47.8+11.5
28.847.3 30.2+8.4 35.1+11.0% b2
110.1+7.7% 95.3+£3.5b3 119.0+7.034b3,3
101.4+18.8 154.3+£22.3% 53 176.4+19,85403
13.3+£7.8% 16.8+8.322 17.3£8.32% b1
3.44+1.96% 4.01+£1.97= 5.07+2.37% b2
192+35a1 234+3933 03 207+40%% <
122432 156+£395H 02 139£365% b1
53.9+£24.6 56.6+13.0 49,3£9.2
131473 179£8552 b1 167+914!
27.3+7.7 27.4£10.7 26.5+6.0
0.73+0.14 0.74+0.18 0.68+0.11
2.8+3.2 2.5+1.7 3.5+3.0
5.68+0.43% 5.68+0.48 6.07+£0.4254 52 <1

b: Comparison with the IFG group; b': p<0.05 b?: p<0.005 b*: p<0.001
c: Comparison with the IGT group; c': p<0.05 c?: p<0.005 c3: p<0.001
SD: Standard deviation; BMI: Body mass index; HOMA-IR: Homeostasis model assessment of insulin resistance; IFG: Impaired fas-

ting glucose; IGT: Impaired glucose tolerance; OGTT: Oral glucose tolerance test; CRP: C-reactive protein
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Prediabetic subgroups

29)
2-h
246+£52
8.95+0.93

IFG+IGT (n=

Baseline
258+58
8.98+0.87

=14)

IGT (n

Baseline
266+58
9.26+0.89

=60)

IFG (n

Baseline

103)
2-h
244+58¢3
8.90%0.90¢

Prediabetic (n

=31)
2-h
246+72¢
8.99+0.85

Controls (n

2-h
251+£50
9.24+0.91

2-h
24163
8.78+0.87<

Baseline

Baseline

247166
8.88+0.82
16.7+0.5
0.217+0.052
23.1+£9.9

253163
8.96+0.84

250+71
9.03+0.84

PLT (103/mm3)

MPV (fL)

16.8+0.4
0.218+0.038<

16.7+0.4
0.229+0.040

16.8+0.5
0.230+0.040<

16.8+0.5
0.245+0.051

16.7+0.5
0.210£0.051<

16.7+0.5
0.215+0.046°
20.4+8.2<!

16.7+0.5
0.224+0.050

16.8+0.5

0.217+0.053<

16.9+0.5
0.222+0.053
23.4+7.7

PDW (%)

PCT (%)

22.5+£8.0 21.5+7.4 18.1+5.8
11.0£3.5° 9.4+3.1

23.8+£10.6

20.9+£9.0

22.8+9.4
11.1+4.5%

19.946.5

sP-sel (ng/mL}
B-TG (ng/mL)

10.3+3.5%

11.3+5.0%2 10.4+£3.2° 11.0+3.42

10.3£3.2°

8.7+3.0

8.6+2.1

a: Comparison with the baseline values of the control group; a!: p<0.05 a%: p<0.001

b: Comparison with 2 hours after glucose loading values of the control group; °: p<0.05

c: Within-group comparisons of the before and after glucose loading values; c': p<0.05 c?: p<0.005 c3: p<0.001

SD: Standard deviation; IFG: Impaired fasting glucose; IGT: Impaired glucose tolerance; MPV: Mean platelet volume; PCT: Plateletcrit; PDW: Platelet distribution width; PLT: Platelet count;

sP-sel: Soluble P-selectin; B-TG: Beta(B)-thromboglobulin.

glucose loading in the control and prediabetic
groups are mentioned in (Table 2). The PLT, PCT,
and sP-sel levels were significantly lower after glu-
cose loading in both the control (p<0.05 for each)
and prediabetic group (p<0.001 for each). In the
prediabetic group, the MPV decreased significantly
after glucose loading (p<0.05), while it was not the
case in the control group. The percentage decrease
in the PLT level was significantly greater in the pre-
diabetic group (3.18%) than in the control group
(1.44%) (p<0.05). Although, the percentage de-
crease in the PCT level was greater in the predia-
betes patients (3.88%) than in the control subjects
(2.04%), the difference was not reach the level of
significance. In the IFG, IGT, and IFG+IGT groups,
the decrease in PLT was 2.2%, 5%, and 4.2%, re-
spectively, and the rate of decrease of PCT was
3.2%, 5.2%, and 4.6%, respectively. The decrease
in PLT was significantly greater in the IGT and
IFG+IGT groups than in the control group (p<0.01
and p<0.01, respectively). Moreover, the decrease
in PCT was greater in the IFG+IGT group than in
the control group (p<0.05).

Correlations between the baseline values of
platelet indices, plasma sP-sel, and B-TG in the
control and prediabetic groups are shown in (Table
3). The PLT value correlated negatively with the MPV
and PDW, and a positively with the PCT in both the
control (r=-0.613, p<0.01; r=-0.574, p<0.01;
r=0.952, p<0.01, respectively) and prediabetic
groups (r=-0.433, p<0.01; r=-0.526, p<0.01;
r=0.917, p<0.01, respectively). A negative correla-
tion was observed between the PDW and the PCT
(control: r=-0.490, p<0.01; prediabetic: r=-0.388,
p<0.01), and a positive correlation between the
PDW and the MPV (control: r=0.589, p<0.01; predi-
abetic: r=0.487, p<0.01). The MPV and the PCT cor-
related negatively only in the control group
(r=-0.367, p<0.01). In addition, the HbAlc value
correlated positively with the PLT and the PCT
(r=0.523, p<0.01; r=0.395, p<0.05) and negatively
with the MPV and the PDW (r=-0.539, p<0.01; r=-
0.538, p<0.01) in the control group. There was no
correlation between platelet indices, sP-sel, and -
TG in either the control or prediabetic groups.

The present study examined the plasma level of P-
sel and B-TG and platelet indices in subjects with
prediabetes. The effect of acute hyperglycemic
stress on platelet indices and functions was also in-
vestigated using an OGTT. No significant difference
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PLT (103/mm?3) MPV (fL) PDW (%) PCT (%)
Controls Prediabetics Controls  Prediabetics Controls Prediabetics Controls Prediabetics

PLT {103/mm?) -0.613 * -0.433 % -0.574 + -0.526 0.952 = 0.917 =
MPV (fL) -0.613 22 -0.433 22 0.589 0.487 2 0.367 2 -0.056
PDW (%) -0.574 -0.526 0.589 * 0.487 = -0.490 =2 -0.388 %2
PCT (%) 0.952 2 0.917 0.367 -0.056 -0.490 22 -0.388 22

sP-sal (ng/mL) 0.143 0.027 -0.043 0.114 -0.053 0.044 0.129 0.082
B-TG (ng/mL) 0.146 0.019 0.115 0.058 0.094 0.111 0.243 0.198
HbAlc (%) 0.523 0.040 -0.539 * -0.050 -0.538 -0.004 0.395 ¢ 0.030

al: Correlation is significant at the 0.05 level
a2: Correlation is significant at the 0.01 level

MPV: Mean platelet volume; PCT: Plateletcrit; PDW: Platelet distribution width; PLT: Platelet count; sP-sel: Soluble P-selectin; B-TG:

Beta(B)-thromboglobulin.

was found between the controls and predia-
betic subjects in the baseline values of PLT,
indices, or plasma sP-sel level. However, the
basal B-TG level showing platelet activation
was higher in the prediabetic group when
compared with the control group. After glu-
cose loading, the PLT, PCT, and sP-sel levels
were lower in both the control and predia-
betic groups. A reduction in the PCT and the
PLT was prominent in the prediabetic group.
The MPV also decreased in patient with pre-
diabetes.

Although several studies have examined
platelet activation in diabetic patients (25,
26), the results of platelet activation and
platelet indices have been contradictory and
inconclusive in prediabetic patients. In a
meta-analysis, Zaccardi et al., (27) reported
that although both the MPV and the PDW in-
creased, the PLT did not change in Type 2
DM. They also observed that both the PLT
and the MPV levels increased in patients
with IFG, but only the PLT increased in pa-
tients with metabolic syndrome. However, in
another retrospective analysis of 13,021 pa-
tients, a high MPV was observed in diabetic
patients. A positive correlation between the
MPV and glucose and the MPV and HbAlc
levels was observed in diabetics, but not in
non-diabetics (15). Beyan et al. (28) sug-
gested that platelet aggregation and platelet
indices are not correlated and that those
platelet indices alone are not sufficient to
determine a pathological condition. De Luca
et al. (29) divided MPV values into three lev-
els (<10.6, 10.6-11.3, and >11.4 fL) and

compared with platelet aggregation results,
and found no significant relationship; sug-
gesting that the MPV is not associated with
platelet reactivity and is not an indicator of
cardiovascular risk in diabetic patients. Tavil
et al. (30) and Halbmayer et al. (31) also re-
ported that the MPV is not a risk indicator
for cardiovascular events. In our study, sub-
jects with IFG or IGT or both were evaluated
as a prediabetic group based on OGTT re-
sults. We observed that baseline platelet
counts and indices in prediabetics were not
significantly different from those of the con-
trols. These findings suggest that hyper-
glycemic status alone with no diabetes is not
sufficient to affect PLT and morphology in a
prediabetic state.

Our results also revealed that the B-TG level
showing baseline platelet activation was el-
evated in the prediabetic group when com-
pared with the control group. However, the
plasma sP-sel level was not significantly dif-
ferent between the two groups. In most
studies, platelet function was investigated
by simply measuring the MPV, and other
platelet activation markers were not as-
sessed. The results of our study suggest
that although the MPV level did not change
significantly in prediabetic patients, the
plasma B-TG level increased. Our findings
suggest that thrombocyte activation occurs
in the prediabetic period and that the in-
crease in platelet activation is independent
of platelet size.

Postprandial hyperglycemia is an independ-
ent risk factor for the development of car-
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diovascular events in diabetic patients. It
has been shown that postprandial hyper-
glycemia is related to increased oxidative
stress, endothelial damage, and platelet ac-
tivation (32). Spectre et al. (32) found acti-
vated platelets in Type 2 diabetic patients
after carbohydrate-rich nutrition and no
such activation in the control group. Yngen
et al. (33) observed that adenosine diphos-
phate-induced P-sel expression in Type 2 di-
abetic patients was greater after meals
compared with baseline values and that this
was associated with an increase in platelet
reactivity. They also suggested that the in-
crease in platelet activation occurred long
before the onset of diabetes and may be as-
sociated with early diabetic vascular lesions.
We examined the impact of acute hyper-
glycemia induced by oral glucose adminis-
tration on platelet indices and functions. In
control and prediabetic groups, the PLT, PCT,
and sP-sel levels decreased following oral
glucose loading. Interestingly, the reduction
in the PCT and the PLT was higher in the
prediabetic group. The MPV decreased after
glucose loading in the prediabetic group;
and not in the control group. We found that
2-hour PLT and PCT values were lower than
the baseline values in each of the predia-
betic subgroups. This decrease was marked
in the IGT group.

Our findings showed that platelet morphol-
ogy changed with an increased PG level. We
observed that acute hyperglycemia led to a
decrease in the PLT in all of the prediabetic
and the control groups. Since the PCT is de-
rived from the PLT and MPV levels, it pro-
vides more precise information about
platelet quality and quantity (34). A reduc-
tion in the PCT level after glucose loading
supports our conclusion that PLT decreases
due to acute hyperglycemic stress. The ef-
fect of hyperglycemia on platelets is based
on highly complex mechanisms. Few studies
have focused on the effects of acute hyper-
glycemia on platelets. In previous studies,
granule content and the surface antigens of
platelets were investigated as activation
markers, rather than the count and indices
of platelets. The increase in the PLT reported
in studies suggesting that hyperglycemia in-
creases the MPV values by causing osmotic
swelling has been explained by the defective
relationship between MPV and PLT in dia-

betic patients. The physiological response to
an increment in PLT is a decrement in MPV
(27). Our findings of a negative association
between the PLT and MPV levels, and the
positive association between the PLT and
PCT levels, are important because these
findings demonstrate the consistency of the
indices. The reduction in the PLT and PCT
levels (and in MPV levels in prediabetics)
may be due to platelet swelling caused by
the osmotic effect of acute hyperglycemia
followed by lysis of platelets. The fact that
PLT and PCT levels decreased in most of the
subjects with IGT suggests that the platelets
of prediabetic patients with IGT are more
sensitive to the osmotic effect of hyper-
glycemia than that of other prediabetic sub-
jects. In healthy subjects, insulin prevents
platelet activation, and this effect is inhib-
ited by the decrease in the number of insulin
receptors on the platelet surface in patients
with Type 2 DM (35). Davison et al. (36)
demonstrated that the number of activated
leukocytes (such as monocytes and neu-
trophils) and platelets increase in diabetic
patients, resulting in the increased platelet-
leukocyte aggregate formation and cardio-
vascular complications. Our study indicated
that oral glucose loading induced platelet ac-
tivation and caused a decrease in platelet
volume due to the release of granule con-
tents. In addition, a decrease in PLT and sP-
sel plasma levels may have occurred due to
the binding of circulating sP-sel to its recep-
tors and the formation of active platelet-
leukocyte aggregates. The decrease in PLT
level with an OGTT was greater in the predi-
abetic group than in the control group, may
be because of impaired glucose uptake and
use by platelets in prediabetic patients. We
also did not observe any relationship be-
tween platelet indices and other platelet ac-
tivation markers. Therefore, we suggest that
platelet indices and activation markers could
be change independently.

Most studies in the literature include com-
mon limitations, such as ethnic characteris-
tics, the neglect of medical treatments that
influence the platelet function, type of anti-
coagulant used, inappropriate transport and
preservation of samples, long waiting peri-
ods before the analysis, or a single meas-
urement of MPV. Over a period of 2 hours,
platelets swell in EDTA blood and their size
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varies (16). Furthermore, in observational
and cross-sectional studies, there is sup-
portive evidence for a link between abnor-
mal gluco-metabolic status, poor glycemic
control, and platelet activity, rather than a
causal relationship between MPV levels and
diabetes. Often, the MPV level is reported
within the reference intervals (6.9-10.8 fL).
Analytical CVs of platelet indices were not
provided in some retrospective studies last-
ing 2 to 4 years; therefore, it becomes diffi-
cult to evaluate values within reference
ranges as an increase in the prediabetic pe-
riod. In our study, there was no change in
any device or method and the quality control
results for platelet indices were appropriate
(CV <5%). We also optimized preanalytical
conditions that could affect platelet indices.
EDTA blood samples were transported at
room temperature and analyzed within 2
hours. A pneumatic tube system was not
used, as it could affect on platelet indices.

Limitations of this study include a small pa-
tient population, non-homogeneous distri-
bution of prediabetic subgroups, and a
single measurement of parameters. Addi-
tionally, most of the patients evaluated as
prediabetic had one or more metabolic syn-
drome components, which may be related to
our findings.

Our results suggest that the platelet indices
do not change in the prediabetic stage and
granule activation had begun without
platelet morphology just affected. Acute hy-
perglycemia appears to affect platelet mor-
phology and function in both healthy and
prediabetic subjects. This effect can be
marked in prediabetic individuals.
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