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Abstract

Objectives. This research investigates whether there is an association between acute hyperglycemia and diabetes
mellitus and the level of circulating platelet-derived microparticles (PDMPs) during an initial episode of acute myocardial
infarction (AMI).

Methodology. This was a cross-sectional study involving hospitalized AMI patients. Demographic and clinical data were
obtained from hospital records. Diabetes mellitus was defined by the history of the disease, anti-diabetes medication use
and/ or level of HbA1C 26.5%. Levels of HbA1c, admission random and fasting blood glucose levels were measured.
Flow-cytometry method was used to determine the levels of PDMPs from collected venous blood through tagging with
CD-41 FITC and CD-62 PE markers and a threshold size of <1 ym. The number of circulating PDMPs was compared
according to glucometabolic state, namely acute hyperglycemia (admission random glucose 2200 mg/dL and fasting
glucose 2140 mg/dL) and diabetes mellitus. The comparative analysis between groups was conducted with Student
T-test or Mann-Whitney test, where applicable.

Results. A total of 108 subjects were included and their data analyzed. The level of circulating PDMPs was significantly
lower in subjects with admission random glucose 2200 mg/dL as compared to those with below level [median (interquartile
range (IQR)]: 2,710.0 (718.0-8,167.0) count/mL vs. 4,452.0 (2,128.5-14,499.8) count/mL, p = 0.05) and in subjects with
fasting glucose 2140 mg/dL as compared to those with below level (median (IQR): 2,382.0 (779.0-6,619.0) count/mL vs.
5,972.0 (2,345.7-14,781.3) count/mL, p = 0.006). The level of circulating PDMPs was also significantly lower in patients
with diabetes mellitus as compared to those without (median (IQR): 2,655.0 (840.0-5,821.0) count/mL vs. 4,562.0
(2,128.5-15,055.8) count/mL; p = 0.007).

Conclusion. Acute hyperglycemia and diabetes mellitus are significantly associated with a lower circulating PDMP level
during an initial AMI episode.
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INTRODUCTION

Cardiovascular diseases (CVD) contribute to the highest
number of deaths internationally, amounting to around
one-third of all causes of death. Among CVDs, roughly 7.4
million deaths are due to coronary artery disease (CAD), a
disorder of the blood vessels supplying the myocardia. CAD
is the most common cause of acute myocardial infarction
(AMI), which is a cardiac emergency that arises when blood
flow to the myocardia is blocked due to an occlusive plaque
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with subsequent thrombosis in the coronary arteries.' It
causes the flow of oxygen-rich blood to diminish triggering
a reduction in the oxygen supply to the myocardia which
results in its injury and infarction.!

Diabetes mellitus and hyperglycemia are among the risk
factors for CVD.? Hyperglycemia is encountered in up to
50% of patients with AMI, especially in ST-elevation acute
myocardial infarction (STEMI).?
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Diabetes mellitus, a disease characterized by chronic
hyperglycemia, is an important risk factor for AMI and
exists in about 30% of AMIs.? Our previous studies showed
that in patients with acute hyperglycemia and diabetes
mellitus, higher levels of blood glucose during AMI
episodes increased the incidence of adverse cardiovascular
events.*> One mechanism that may explain the poorer
prognosis is the enhanced platelet activation and subsequent
thrombus formation.®

Platelet-derived microparticles (PDMPs) play an important
role in CVD, especially in atherosclerotic CVD. They are
small vesicles formed from platelet plasma membranes and
released during platelet activation or apoptosis through
exosome exocytosis and budding of the plasma membrane.”
Our previous studies indicated that PDMP amounts
increased during AMI episodes and are associated with
worse short and long-term outcomes.®’

In patients with diabetes mellitus, the PDMPs increased
significantly compared to the normal population.?
Furthermore, in patients with diabetes with CVD, the
PDMPs were multiplied, indicating platelet activation in
this population.’ During an AMI episode, more enhanced
platelet activation and subsequent platelet-enriched
thrombus formation among patients with diabetes mellitus
may amplify the production of PDMPs. However, despite
the abundant data on increased circulating PDMPs among
diabetes mellitus and stable CVD, the impact of acute
hyperglycemia and diabetes mellitus during AMI on
circulating PDMPs release has not yet been investigated.
Therefore, circulating PDMPs might be used as a biomarker
to assess advanced intracoronary thrombosis in acute
hyperglycemia and diabetes mellitus patients during an
AMI episode.

This research investigates the association between acute
hyperglycemia and diabetes mellitus and circulating
PDMP levels during the initial episode of AMI.

METHODOLOGY

This research used a cross-sectional methodology with 108
patients enrolled in the study. The included patients had
AM]I, both ST and non-ST segment elevation myocardial
infarction (STEMI and NSTEMI), who were admitted and
underwent hospitalization in the Intensive Cardiac Care
Unit of Dr. Sardjito Hospital, Yogyakarta from January
2017 to January 2019. The AMI diagnosis was based on three
parameters: anginal pain, abnormal electrocardiogram
findings and increased level of troponin-I. An initial
episode of AMI was defined as within 24 hours of hospital
admission.

Specifically, the inclusion criteria were: (1) Diagnosis of
STEMI and NSTEMI; (2) Chest pain onset <24 hours; (3)
Age between 35 and 75 years old; and (4) Fee of chronic
comorbidities (chronic renal failure, congestive heart
failure, and hepatic cirrhosis).
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The exclusion criteria were: (1) Unmeasured or missing
random and fasting blood glucose levels; (2) Unmeasured
or missing HbAlc level;(3) Concurrent acute infection and
sepsis; (4) Concurrent acute stroke; and (5) Co-existing
malignancies.

Demographic and clinical data were obtained from hospital
records and collected into case report forms. Diabetes
mellitus was determined from the patients’ history of the
disease, medical history of anti-diabetes medication use
and/ or level of HbA1C 26.5%. Other risk factors were
defined accordingly. Within 24 hours of admission, venous
blood samples were taken for laboratory examination.
Hematology parameters of hemoglobin, leukocytes
and platelets, including HbAlc, were examined with
an automated hematocytometer based on the hospital
standard (Sysmex XN1000®, Sysmex, Kobe, Japan). The
examination of admission random glucose and fasting
glucose levels employed the hexokinase method (Cobas
6000® analyzer, Roche Diagnostic, Mannheim, Germany).
Other chemical examinations were performed with a
chemical analyzer in our hospital laboratory.

As previously described, the level of circulating PDMPs
was measured through flow-cytometry method (FACS
Calibur, Becton Dickinson, Maryland, USA) within 24
hours of admission. The PDMPs were identified by tagging
with CD-41 FITC (Biolegend, San Diego, USA) and CD-62
PE markers (Biolegend, San Diego, USA). The threshold
size of <1 um was defined and the amount was gated
and calculated with the standard formula as described
previously.®

Based on admission random glucose level, subjects were
divided into acute hyperglycemia (admission random
glucose level >200 mg/dL) and those without acute
hyperglycemia (admission random glucose level <200 mg/
dL). Based on fasting glucose level, subjects were divided
into fasting hyperglycemia (fasting glucose level >140
mg/dL) and those without fasting hyperglycemia (fasting
glucose level <140 mg/dL).

The subjects were also divided based on their history
of diabetes mellitus. The calculation of sample size was
based on the comparative study, namely the sample size
formulae for comparing two independent groups (acute
hyperglycemia and diabetes mellitus versus none of
the conditions) with continuous variables (circulating
PDMP levels) as previously described.’? With the type
one error of 5% and type two error of 80%, each group’s
minimum sample size was computed at 45 subjects.

All subjects completed and signed an informed consent
authorization to participate in this research. Universitas
Gadjah Mada Medical and Health Research Ethics
Committee and the Dr. Sardjito Hospital Institutional
Review Board approved the research protocol with number:
(KE/FK/720/EC/2016).
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Statistical analysis

The comparison of numerical variables, including PDMP
levels, between groups (with hyperglycemia versus without
hyperglycemia and with diabetes mellitus versus without
diabetes mellitus) was analyzed with Student T-tests or
Mann-Whitney tests, where applicable, after normality
distribution analysis with Kolmogorov-Smirnov test.
The comparison of categorical variables utilized the Chi-
square test or Fisher’s exact test. The correlations between
circulating PDMPs amounts and glucose levels as well as
HbA1C were analyzed with Spearman’s correlation test.
The results with p-value <0.05 were considered significant.
The statistical analysis was performed with the SPSS
software version 25.0 (IBM Corp., Armonk, NY, U.S.A).

RESULTS
Subject characteristics

During the study period, 120 patients were admitted with
AMI. Among these 120 patients, 108 subjects were eligible
for analysis in this research, while 12 subjects were excluded
due to lacking glucose or HbAlc data. Of the included AMI
patients, 15 (13.9%) were NSTEMI and 93 (86.1%) were
STEMI (Figure 1).

| Patients admitted with AMI (n = 120) |

Blood samples were taken
within 24 hours of admission

Excluded (n =12)
* No glucose data
4 * No HbA1c data
| Eligible subjects (n = 108) |

STEMI (n = 93) }—L{ NSTEMI (n = 15)

Figure 1. Study flowchart.
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Admission blood glucose and circulating PDMPs
amount

Patients with admission glucose level >200 mg/dL (n =
23, 21%) were observed to have a significantly higher
percentage of diabetes mellitus (69.6%), STEMI diagnosis
(100%), higher level of fasting glucose (mean: 187.8 +
73.2 mg/dL) and higher concentration of HbAlc (mean:
9.1+2.3%), as compared to subjects with admission glucose
level <200 mg/dL (n =85, 79%) (Table 1).

The circulating PDMP level was significantly lower in
subjects with admission glucose level >200 mg/dL as
compared to those with below level (median interquartile
range (IQR): 2,710.0 (718.0-8,167.0) count/mL vs. 4,452.0
(2,128.5-14,499.8) count/mL, p = 0.05).

Fasting glucose and circulating PDMPs amount

Patients with fasting glucose level >140 mg/dL (n = 33,
31%) also had a significantly higher percentage of diabetes
mellitus (69.7%), lower level of leukocyte counts (mean:
11.6 + 2.9 x 10*/mm?), higher level of admission glucose
(mean: 224.1 + 81.2 mg/dL) and higher percentage of HbAlc
(mean: 8.6 = 2.3%) as compared to patients with fasting
glucose level <140 mg/dL (n =75, 69%) (Table 2).

The circulating levels of PDMP were significantly lower
in patients with fasting glucose level >140 mg/dL as
compared to those with below level (median (IQR): 2,382.0
(779.0-6,619.0) count/mL vs. 5,972.0 (2,345.7-1,4781.3)
count/mL, p = 0.006).

Diabetes mellitus and circulating level of PDMP

Among the patients diagnosed with diabetes mellitus (n
= 27, 25%) compared to those without, there were fewer

Table 1. The characteristics of subjects based on admission random glucose level cut-off value of 200 mg/dL

Characteristics

Admission glucose level <200 mg/dL (n = 85)

Admission glucose level 2200 mg/dL (n = 23) p

Age (years), mean + SD 549+84 55.4 + 8.8 0.41
Males, n (%) 79 (92.9) 19 (82.6) 0.13*
Females, n (%) 6(7.1) 4(17.4) 0.13*
Hypertension, n (%) 42 (49.4) 11 (44.1) 0.15
Diabetes mellitus, n (%) 11 (12.9) 16 (69.6) <0.001
Dyslipidemia, n (%) 21(24.7) 5 (4.6) 0.77
Ischemic heart disease, n (%) 24 (28.2) 6(26.1) 0.84
Current smoker, n (%) 52 (61.2) 8(34.8) 0.11
Bodyweight (kg), mean + SD 65.5+12.9 64.2+12.0 0.33
Body mass index (kg/m?), mean + SD 26.5+19.1 245+3.1 0.31
STEMI, n (%) 70 (82.4) 23 (100.0) 0.02*
NSTEMI, n (%) 15 (17.6) 0 (0) 0.02*
Hemoglobin (g/dL), mean + SD 13.8+1.6 142+17 0.11
Leukocytes (x10%mm?), mean + SD 129+3.6 124 +34 0.24
Platelets (x10%/mm?), mean + SD 265.6 +78.8 277.4 £ 89.7 0.27
HbA1c (%),* mean + SD 6.1+1.1(n=78) 9.1 £2.3 (n=20) <0.001
Fasting blood glucose (mg/dL), mean + SD 1M71+£27.2 187.8+73.2 <0.001
Urea nitrogen (mg/dL), mean = SD 154+75 16.8+5.8 0.21
Creatinine (mg/dL), mean + SD 12104 1.2+04 0.48
PDMPs (count/uL), median (IQR) 4,452.0 (2128.5-14,499.8) 2,710.0 (718.0-8,167.0) 0.05

STEMI: ST-segment elevation acute myocardial infarction; NSTEMI: non-ST-segment elevation acute myocardial infarction; HbA1C: glycated hemoglobin;
PDMPs: platelet-derived microparticles; SD: standard deviation; IQR: interquartile range. *Fisher-exact test.
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males (77.8% versus 95.1%); lower percentage of current
smokers (37% versus 61.7%);higher mean level of admission
glucose (231.7 + 76.9 mg/dL versus 138.7 + 50.1 mg/dL);
higher mean level of fasting glucose (187.1 + 56.1 mg/dL
versus 113 +31.6 mg/dL) and higher HbAlc percentages (8.6
+2.2% versus 6.1 + 1.3%). (Table 3).

The circulating level of PDMP was significantly lower in
patients with diabetes mellitus as compared to those without
diabetes mellitus (median (IQR): 2,655.0 (840.0-5,821.0)
count/mL vs. 4,562.0 (2,128.5-15,055.8) count/mL; p = 0.007).

Correlation between blood glucose and HbA1c levels
and circulating PDMPs amount

The correlation test indicated that circulating level of
PDMPs had a significantly negative correlation with fasting
blood glucose (r =-0.213; p = 0.03). However, no significant
correlations were found with admission blood glucose
(r=-0.141; p = 0.15) and concentration of HbAlc (r = -0.059;
p =0.57), as shown in Table 4.

DISCUSSION

The research findings indicate that patients with acute
hyperglycemia during AMI, defined by admission random
blood glucose >200 mg/dL and fasting blood glucose >140
mg/dL, had lower levels of circulating PDMP. Furthermore,
patients with a chronic hyperglycemia state, as in diabetes
mellitus, were noted to have lower levels of circulating
PDMP measured during the AMI episode. A negative
correlation was found between glycemic indices and
circulating PDMP levels, with significant findings only for
fasting blood glucose levels.

Based on our study, patients with acute hyperglycemia had
lower levels of circulating PDMP in comparison to those
without acute hyperglycemia. Furthermore, during the

Association of Acute Hyperglycemia and DM with PDMP Levels During AMI

fasting state, those with persistent acute hyperglycemia
had significantly lower levels of circulating PDMP, when
measured during the acute phase of AMI.

In previous studies, patients with diabetes mellitus
had higher circulating PDMP than subjects without
diabetes mellitus because there is an enhanced
endothelial dysfunction and platelet hyperactivity in
diabetes mellitus.”* Plasma circulating PDMPs had
significant and positive correlations with both fasting
blood glucose and HbAlc levels."* Among patients with
diabetes mellitus, significantly elevated levels of PDMPs
were found also in patients with microvascular and
macrovascular complications and associated with the
severity of microvascular complications.’>® In the long
term, PDMPs participate in atherosclerosis formation and
progression by upregulating cytokines and intercellular
adhesion molecular-1, facilitating leukocyte migration and
hampering nitric oxide (NO) production.”

In a meta-analysis, diabetes mellitus was significantly
associated with increased levels of PDMPs.' However,
these previous findings were investigated in diabetes
mellitus without an acute thrombosis event, such as AMI.
In our study, which was comprised of subjects with AMI,
the subjects with diabetes mellitus did not have a significant
increase in PDMP levels. In contrast to previous findings,
these patients had lower levels as compared to those
without diabetes.

During AMI, PDMP levels increase especially at the
beginning of the disease.'® The increasing level of PDMPs
was significantly associated with platelet activation, a
vicious cycle of inflammation and thrombosis, the ischemic
burden of myocardia and worsened clinical outcomes.?*18

In this current research, the circulating PDMPs were
reduced in acute hyperglycemia and diabetes mellitus

Table 2. The characteristics of subjects based on fasting glucose level cut-off value of 140 mg/dL

Characteristics Fasting glucose level <140 mg/dL (n = 75) Fasting glucose level 2140 mg/dL (n = 33) P
Age (years), mean + SD 54.6 +8.8 56.1+7.5 0.20
Males, n (%) 71(94.7) 27 (81.8) 0.04*
Females, n (%) 4 (5.3) 6(18.2) 0.04*
Hypertension, n (%) 35 (46.7) 18 (53.0) 0.29
Diabetes mellitus, n (%) 4 (5.3) 23 (69.7) <0.001
Dyslipidemia, n (%) 17 (22.7) 9(27.3) 0.61
Ischemic heart disease, n (%) 18 (24.0) 12 (36.4) 0.19
Current smoker, n (%) 47 (62.7) 13 (39.4) 0.17
Bodyweight (kg), mean + SD 64.7 £12.7 66.4+12.8 0.26
Body mass index (kg/m?), mean + SD 241+4.2 252+3.2 0.11
STEMI, n (%) 67 (89.3) 26 (78.8) 0.14
NSTEMI, n (%) 8(10.7) 7(21.2) 0.14
Hemoglobin (g/dL), mean + SD 13.8+1.6 13.9+1.7 0.45
Leukocytes (x103/mm?), mean + SD 13.4+3.7 11.6+29 0.01
Platelets (x10%/mm?), mean + SD 272.6 £87.5 257.8 £ 66.9 0.19
HbA1c (%)*, mean + SD 6.0 £0.8 (n=70) 8.6 £2.3 (n=28) <0.001
Admission blood glucose (mg/dL), mean + SD 134.7+42.8 224.1+81.2 <0.001
Urea nitrogen (mg/dL), mean = SD 1563+7.2 164+74 0.25
Creatinine (mg/dL), mean + SD 1.3+05 1.1+04 0.08

PDMPs (count/uL), median (IQR)

5,972.0 (2,345.7-14,781.3)

2,382.0 (779.0-6,619.0) 0.006

STEMI: ST-segment elevation acute myocardial infarction; NSTEMI: non ST-segment elevation acute myocardial infarction; HbA1C: glycated hemoglobin;
PDMPs: platelet-derived microparticles; SD: standard deviation; IQR: interquartile range. *Fisher exact test
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Table 3. The characteristics of subjects based on presence of diabetes mellitus

Characteristics Diabetes mellitus (n = 27) Non-diabetes mellitus (n = 81) P
Age (years), mean = SD 56.0 £6.9 54.7£8.9 0.25
Males, n (%) 21(77.8) 77 (95.1) 0.02*
Females, n (%) 6 (22.2) 4(4.9) 0.02*
Hypertension, n (%) 17 (63.0) 36 (44.4) 0.09
Dyslipidemia, n (%) 8(29.6) 18 (22.2) 0.44
Ischemic heart disease, n (%) 11 (40.7) 19 (23.5) 0.08
Current smoker, n (%) 10 (37.0) 50 (61.7) 0.03
Bodyweight (kg), mean + SD 64.7+13.5 65.4+12.5 0.40
Body mass index (kg/m?), mean + SD 248 +£3.7 243+40 0.32
STEMI, n (%) 22 (81.5) 71 (87.7) 0.42
NSTEMI, n (%) 5(18.5) 10 (12.3) 0.42
Hemoglobin (g/dL), mean + SD 13.6+£1.7 13.9+1.6 0.17
Leukocytes (x10%/mm?), mean + SD 12.0+2.9 13.1+£3.7 0.09
Platelets (x103/mm?), mean + SD 262.6 + 67.2 269.9+85.3 0.34
HbA1c (%), mean + SD 8.6+22(n=24) 6.1+1.3(n=74) <0.001
Admission blood glucose (mg/dL), mean + SD 231.7+76.9 138.7 £ 50.1 <0.001
Fasting blood glucose (mg/dL), mean + SD 187.1 £ 56.1 113.8 +31.6 <0.001
Urea nitrogen (mg/dL), mean + SD 194+76 144 +6.7 <0.001
Creatinine (mg/dL), mean + SD 1.3+04 1.2+04 0.237
PDMPs (count/uL), median (IQR) 2,655.0 (840.0-5,821.0) 4,562.0 (2,128.5-15,055.8) 0.007

STEMI: ST-segment elevation acute myocardial infarction; NSTEMI: non-ST-segment elevation acute myocardial infarction; HbA1C: glycated
hemoglobin; PDMPs: platelet-derived microparticles; SD: standard deviation; IQR: interquartile range. *Fisher exact test

Table 4. Correlation analysis between PDMP level with
other variables

Variables Coeffici'ent

correlation
Age (years), mean + SD -0.090 0.36
Bodyweight (kg), mean + SD -0.036 0.72
Body mass index (kg/m?), mean + SD -0.087 0.38
Hemoglobin (g/dL), mean + SD 0.006 0.95
Leukocytes (x103/mm?), mean + SD 0.144 0.14
Platelets (x10%/mm?), mean + SD 0.177 0.07
Admission blood glucose (mg/dL), mean + SD -0.141 0.15
Fasting blood glucose (mg/dL), mean + SD -0.213 0.03
HbA1c (%), mean + SD -0.059 0.57
Urea nitrogen (mg/dL), mean + SD -0.109 0.27

Creatinine (mg/dL), mean + SD 0.037 0.71

HbA1C: glycated hemoglobin; PDMPs: platelet-derived microparticles;
SD: standard deviation

during the initial phase of AMI during which intracoronary
thrombosis was ongoing. Previous in-vivo and human
studies showed that the growing intracoronary thrombi
in AMI utilize PDMPs in culprit sites as adhesion and
activation markers, which cause reduced amounts in the
circulation or peripheral blood.” We suggest that in acute
hyperglycemia and diabetes mellitus, more PDMPs are
generated and function in the culprit sites rather than
circulate in the blood. This may possibly explain the
findings generated by this research, that there is a reduction
of circulating PDMPs among acute hyperglycemia and
diabetic subjects during an acute coronary event.

Reduced PDMPs because of platelet reactivity induced by
antiplatelet medications has been reported. The loading
dose and continuation of double antiplatelet treatment in
AMI contribute to the reduction of PDMPs in circulation.??!
Our patients underwent a loading dose of double anti-
platelets, which may have affected the level of PDMPs
during the acute phase of AMI in both groups.

Vol. 38 No. 2 November 2023

Our previous study indicated the persistence of PDMPs 30
days after the acute phase of AMI.® Another study indicated
that microparticles derived from endothelial cells (EDMPs)
did not significantly differ between patients with diabetes
mellitus who suffered from acute coronary syndrome and
those with stable CAD, which indicated that the release
of apoptosis-induced EDMPs is increased in diabetes,
irrespective of the chronicity of the coronary disease.?

The findings of our study suggest that circulating PDMPs
may be a potential biomarker for enhanced thrombus
formation in AMI among patients with diabetes mellitus
and acute hyperglycemia. The reduced circulating
PDMPs in the initial phase of AMI reflect exaggerated
utilization in the culprit lesion. Therefore, it signifies
the need for aggressive management in AMI subjects
with diabetes mellitus and acute hyperglycemia such as
coronary revascularization, adequate fibrinolysis, adequate
antiplatelets and potential use of anticoagulants.

CONCLUSION

Patients with acute hyperglycemia and diabetes mellitus
tend to have lower levels of circulating PDMP during
an initial episode of AMI. The fasting glucose level was
negatively correlated with the level of circulating PDMPs.
However, a limitation of this study is the relatively small
sample size which warrants further investigation with a
larger sample size to verify the results.
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