A Cross-Sectional Evaluation of Spontaneous Platelet Aggregation in Relation
to Complications in Patients With Type II Diabetes Mellitus

Eiichi lwase, Masato Tawata, Kaoru Aida, Yukio Ozaki, Shoji Kume, Kaneo Satoh, Ruomei Qj,
and Toshimasa Onaya

To clarify the relationship between platelet function and diabetic complications, we investigated spontaneous platelet
aggregation {(SPA) and agonist-induced platelet aggregation by a particle counting method using light scattering (LS} and by a
conventional light transmission method (LT} in 23 age- and sex-matched control subjects and 74 patients with type ll diabetes
mellitus. We also observed platelets using the FIC-2 (TOA Medical Electronics, Kobe, Japan) flow cytometer and imaging
device. Observation by the FIC-2 device showed microaggregates of platelets in samples with increased SPA-LS. SPA-LS was
significantly elevated in patients with type Il diabetes mellitus as a whole compared with control subjects. SPA-LS also showed
significant differences between control subjects and three diabetic patient subgroups with a varying severity of retinopathy,
nephropathy, or neuropathy, and the mean values increased along with the increasing severity of complications. On the other
hand, although SPA-LT also showed significant differences between these groups, the absolute values were all less than 10%,
which we believe does not warrant quantitative analysis. Adenosine-5'-diphosphate {ADP)-induced platelet aggregation failed
to show significant differences between controls and subjects with a varying severity of retinopathy by either LS or LT, which
indicates that SPA is more sensitive than agonist-induced platelet aggregation in relation to diabetic complications. We
observed significant correlations between SPA-LS and the patients’ age, hemoglobin A. (HbA,.) level, plasma fibrinogen level,
or 6-keto-PGF, o (6KF} to 11-dehydro-thromboxane B2 (TXB2) ratio. Our study demonstrated a close relationship between
platelet hyperaggregability and diabetic complications, and a longitudinal prospective study of SPA-LS in diabetic patients is

warranted to clarify cause-and-effect relationships.
Copyright © 1998 by W.B. Saunders Company

LTHOUGH THE FACTORS responsible for angiopathy in
diabetic patients have not been fully elucidated, platelet
hyperfunction is implicated as a risk factor for both microvascu-
lar and macrovascular disease.!* Among the various platelet
functions, platelet aggregation has been most extensively
evaluated. Concerning the role of platelet aggregation in
relation to complications, none of the data reported thus far are
convincing. Most of the published studies used the conventional
light transmission (LT) method®® to assess platelet aggregation
in the presence of various agonists. However, several lines of
evidence suggest that changes in LT do not quantitatively reflect
platelet activation, since they occur only after the formation of
large aggregates from preexisting small aggregates.”8 In addi-
tion, platelets show different responses depending on the
agonist, 10
Ozaki et all! developed a novel method to detect platelet
aggregation by a particle counting method using light scattering
(LS). This method is unique in that it allows estimation of not
only the formation of aggregates consisting of two or three
platelets but also the size distribution of platelet aggregates
depending on the intensity of LS as a function of time in
platelet-rich plasma (PRP). We recently reported that spontane-
ous platelet aggregation (SPA) measured by this new method is
increased in patients with type II diabetes mellitus compared
with healthy control subjects, and this increase in SPA is well
correlated with serine phosphorylation of the myosin light chain
of platelets.’? In the present study, we measured SPA and
agonist-induced platelet aggregation in patients with type II
diabetes mellitus and healthy control subjects and investigated
the correlation of platelet aggregation with the increasing
severity of complications.

SUBJECTS AND METHODS

Subjects, Diagnosis, and Classification of Diabetic
Complications

The present study was performed according to the principles of the
Declaration of Helsinki, and full informed consent was obtained from
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all subjects before the study. The study design was approved by the
Ethical Committee of Yamanashi Medical University. We recruited
consecutive patients with type II diabetes mellitus at the outpatient
clinic of Yamanashi Medical University Hospital. All patients were
diagnosed according to World Health Organization criteria.'?

Diabetic retinopathy was diagnosed by expert ophthalmologists at
Yamanashi Medical University Hospital by fundoscopic examination
with occasional fluorescent retinal photography when necessary, and
classified as no retinopathy, simple retinopathy, and proliferative
retinopathy according to Fukuda.'

Diabetic nephropathy was diagnosed by measuring urinary albumin
excretion (milligrams per day).!> Urine was collected for 24 hours on 2
consecutive days, and the mean albumin excretion was used as the value
for each patient. Those with albuminuria less than 28 mg/d, greater than
28 mg/d and less than 280 mg/d, and greater than 280 mg/d, were
classified as normoalbuminuria, microalbuminuria, and overtly albumin-
uria, respectively. Subjects with the following conditions were excluded
from the study'S: (1) gross hematuria or persistent microscopic hematu-
ria, (2) nephrotic syndrome within 10 years of the onset of diabetes
mellitus or without evidence of retinopathy or (3) progressive renal
dysfunction.

Diabetic neuropathy was diagnosed based on complaints of persistent
numbness, cold sensation, or pain or diminished or absent deep tendon
reflexes and classified by measuring the vibratory threshold (VT) at the
right internal malleolus using an SMV-5 vibrometer (Teknologue,
Tokyo, Japan) as we previously reported.!”-18 Those with VT values less
than 29 X 1072 G, greater than 30 X 1072 G and less than 99 X 1072 G,
and greater than 100 X 1072 G were classified as no neuropathy, mild
neuropathy, and severe neuropathy, respectively. Patients with periph-
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eral neuropathy due to toxic or metabolic causes other than diabetes
mellitus or cancer were excluded from the present study. Patients who
were taking agents such as vitamin By, Bg, By, or E, prostanoids,
aspirin, cilostazol, antidepressants, or tranquilizers were also excluded
from the present study.

In total, we recruited 74 patients with type II diabetes mellitus. There
are 46 men and 28 wornen with a mean age of 55.2 = 1.6 years. Thirty
were taking oral hypoglycemic agents, 20 were injecting insulin, and
others were on the diet regimen only. As a normal control group, 23 age-
and sex-matched healthy subjects (12 men and 11 women) with a mean
age of 55.2 =+ 2.8 years were also recruited.

Measurement of SPA and Agonist-Induced Platelet
Aggregation

Blood was obtained in the presence of 1:10 vol 3.8% citric acid after
an overnight fast, and PRP was prepared by centrifugation at 150 X g
for 10 minutes at room temperature. Yamamoto et al'® developed a
platelet aggregometer that simultaneously measures platelet aggrega-
tion by two methods. One is the conventional method based on changes
in the LT of a platelet suspension. The other is based on a particle
counting method using LS.!! An optical device focuses on a limited area
of a platelet suspension and measures the intensity of light scattered by
particles passing through the area, thus minimizing multiple LS. PRP
was poured into a cuvette, and SPA was observed under constant stirring
in the absence of agonists. The intensity of LS in an arbitrary unit (V)
detected by this device provides information on the number and size of
aggregates in a suspension.!! The total LS intensity was recorded 10
minutes after the beginning of stirring, and is expressed as SPA-LS in
this study. In case of agonist-induced platelet aggregation, adenosine-5'-
diphosphate ([ADP] 0.1, 0.5, or 1 umol/L) or epinephrine ([Epi] 0.01,
0.1, or 0.3 ymol/L) were added 1 minute after stirring the PRP and
observed by LS and LT at 5 minutes or 10 minutes after addition of ADP
or Epi, respectively.

Observation of Platelets by a Flow Cytometer
and Imaging Device

After observation of SPA-LS, 10 uL of the sample was removed from
the PRP and immediately mixed with 40 uL 2.6% auramine O in 95.9%
ethyleneglycol solution (Ret-Search dye; TOA Medical Electronics,
Kobe, Japan) and 1,950 pL diluent (Ret-Search diluent; TOA Medical
Electronics).?® This dye stains RNA and DNA in the cells. Then, the
mixed sample was observed by an FIC-2 device (TOA Medical
Electronics),?® which provides a flow cytometric scattergram and
images.

Other Parameters

Blood samples were also obtained at the same time for PRP, and
blood glucose, hemoglobin Aj, (HbA;.), serum lipids, plasma fibrino-
gen, and prostaglandin metabolites (11-dehydro-thromboxane B2
[TXB2] and 6-keto-PGF o [6KF]) were determined before the aggrega-
tion study. Blood glucose levels were measured by the glucose
oxidation method using Dry Chem 2000 (Fuji Film, Tokyo, Japan). The
HbA;. level was measured by affinity column chromatography. Total
cholesterol and triglycerides were determined by enzymatic methods,
and high-density lipoprotein cholesterol was determined by the heparin
Ca?" precipitation method. Prostaglandin metabolites were determined
by radioimmunoassay.

Statistical Analysis

All pumerical variables are expressed as the mean *= SEM. The
values for platelet aggregation in control subjects and diabetic patients
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as a whole were compared by the Kruskal-Wallis test, and in other cases
the nonparametric Bonferroni test was used for statistical analysis.

RESULTS

As we previously reported,'? there was no LS intensity in
PRP freshly obtained from a control subject or diabetic patient,
indicating no platelet aggregates. With constant stirring, an
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Fig 1. Flow cytometric scattergram and image of platelets ob-
served by the FIC-2. PRP obtained from diabetic patients was first
observed to measure SPA-LS. Ten minutes later, 10 pL of the sample
was removed and treated for observation by the FIC-2, providing a
flow cytometric scattergram (A} and an image (B). FSC, forward
scatter intensity, which indicates the size of particles; FFL, forward
fluorescence intensity, which indicates the RNA or DNA content in
the particles. The clustering dots with high FSC and low FFL indicate
red blood cells. The curving line and pentagon in {A) indicate the
range of platelets and the range of image observation, respectively.
(B} Representative image of platelets within the pentagon. The image
revealed the clustering of 2 to several platelets, consistent with the
prediction by the particle counting method. Samples with no in-
crease in the SPA-LS signal did not show platelet clustering by this
device {data not shown).
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increase in LS intensity was observed in PRP obtained from a
diabetic patient, which indicates aggregates consisting of less
than 100 platelets, and plateaued after several minutes of
stirring. So, the LS intensity in each individual was recorded
after 10 minutes of stirring and expressed as SPA-LS.

Figure 1 shows the scattergram (A) and image (B) of platelets
obtained by the FIC-2. The device revealed that platelets
obtained from patients with type II diabetes mellitus with
increased SPA-LS showed microaggregates of several platelets.
Platelets obtained from healthy controls without increased
SPA-LS did not show the clustering of platelets (data not
shown).

Figure 2 shows the distribution of SPA-LS and SPA-LT
values in each of the age- and sex-matched control subjects and
diabetic patients. SPA-LS values in diabetic patients are distrib-
uted at higher levels than the control values. On the other hand,
SPA-LT values are distributed within a narrow range in control
subjects and diabetic patients. Although both SPA-LS and
SPA-LT showed a significant increase (P << .05) in diabetic
patients as a whole compared with control subjects, the absolute
value for SPA-LT was less than 10% and the difference between
the two groups was small.

SPA-LT SPA-LS

When the control subjects and three diabetic subgroups with
a varying severity of retinopathy were compared as a whole by
the Kruskal-Wallis test, there was a significant difference
(P < .0005) in SPA-LS among the groups (Table 1). In addition,
the mean values for SPA-LS increased along with the increasing
severity of retinopathy, and a nonparametric Bonferroni test
showed a significant increase in patients with proliferative
retinopathy compared with controls or patients with no retinopa-
thy. Although SPA-LT also showed a significant difference
(P < .05) among these groups, the absolute values were all less
than 10%. There was no significant difference in age or in
gender distribution among the groups (Table 1). On the other
hand, ADP-induced platelet aggregation failed to show signifi-
cant difference among the groups by either LS or LT (Table 2).
Other values for ADP-induced or Epi-induced platelet aggrega-
tion also showed similar results (data not shown).

Concerning SPA-LS in relation to diabetic nephropathy
(Table 3) or neuropathy (Table 4), similar results were observed
as in diabetic retinopathy. The mean values for SPA-LS also
increased as the severity of complications increased (Tables 3
and 4). Although SPA-LT also showed significant differences

Table 1. SPA in Relation to Retinopathy

DM Patients
Parameter Controls No Retinopathy Simple Retinopathy Proliferative Retinopathy P
No. of subjects 23 33 18 23
M/F 12/11 22/1 12/6 12/11 NS
Age {yr) 552 2.8 52222 59.3 3.9 56.5 = 2.4 NS
LT (% OD) 4.59 + 0.40 5.39 = 042 5.11 = 0.66 8.26 = 0.895% <.05
LS (x10°V) 0.06 = 0.01 0.11 = 0.02 0.18 = 0.04 0.35 = 0.07*t <.0005

NOTE. The Kruskal-Wallis test was applied to compare values for the 4 groups as a whole, shown as the Pvalue. The nonparametric Bonferroni

test was used to compare between-group values.

Abbreviations: DM, diabetes mellitus; M/F, male to female ratio; NS, not significant.

*P <01 vecontrols,
1P < .05 v no retinopathy.
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Table 2. ADP-Induced Platelet Aggregation in Relation to Retinopathy

DM Patients
Parameter Controls No Retinopathy Simple Retinopathy Proliferative Retinopathy P
No. of subjects 23 33 18 23
M/F 12/11 22/11 12/6 12/11 NS
Age (yr) 55.2 £ 2.8 52.2 2.2 59.3+ 39 56.5 ~ 2.4 NS
LT (% OD) 10.6 = 3.9 8.4 =08 8.7 £5.7 13.7 = 10.1 NS
LS (X105 V) 0.32 £ 0.10 0.37 = 0.05 0.49 = 0.10 0.568 = 0.09 NS

NOTE. Platelets were stimulated by 0.5 pmol/L ADP. The Kruskal-Wallis test was applied to compare values for the 4 groups as a whole, shown as

the Pvalue.

Abbreviations: DM, diabetes mellitus; M/F, male to female ratio; NS, not significant.

among the groups, the absolute values were again all less than
10% (Tables 3 and 4). There was no significant difference in age
or in gender distribution between these groups, except for the
age in neuropathy. Again, agonist-induced platelet aggregation
failed to show significant differences by either LS or LT in
nephropathy or neuropathy, as in retinopathy (data not shown).

SPA-LS showed a significant correlation with the patients’
age, HbA,, level, plasma fibrinogen level, or 6KF/TXB2 ratio
(Table 5).

DISCUSSION

Diabetic complications not only reduce the quality of life but
also are life-threatening in diabetic patients. Thus, elucidation
of the etiology of complications is a prerequisite for improving
the quality of life and life expectancy in diabetic patients. It has
been postulated that platelet hyperfunction may contribute to
diabetic complications.># Although there are a few conflicting
reports,>?! most investigators agree that platelet hyperfunction
does exist in either type I or type II diabetic patients compared
with normal control subjects.!0-22-24

On the other hand, platelet hyperfunction in relation to the
progression of complications is still controversial. Agardh et
al® reported increased platelet aggregation in type 1 diabetic
patients with proliferative retinopathy compared against those
without it. However, they concluded that their study did not
support the postulation that abnormal platelet function can be a
primary cause of diabetic retinopathy, because they also ob-
served a significant correlation between platelet aggregation
and the duration of diabetes mellitus. Chitre and Velaskar?6
reported increased platelet aggregation in patients with retinopa-

thy compared with normal control subjects. However, there was
no comparison in their report between diabetic patients with and
without retinopathy. On the contrary, Fritschi et al*” observed no
difference in platelet aggregation between diabetic patients with
and without nephropathy. Szenasi et al?® reported that platelet
aggregation was decreased in diabetic patients with nephropa-
thy compared with normal control subjects. Even a 3-year
longitudinal study by Plu et al®® did not reveal a correlation
between deterioration of retinopathy and platelet aggregation.
Thus, the findings reported thus far are conflicting and far from
convincing. The conflicting results may be attributed to the type
of platelet aggregometry used in the studies. Conventional
aggregometry using changes in LT can only detect the forma-
tion of large platelet aggregates, which reflects rigorous platelet
activation. However, platelet activation in vivo, ie, in diabetic
patients, is expected to be subtle.

To overcome the drawback of the conventional LT method,
Cho et al*® performed a study measuring spontaneous whole
blood platelet aggregation (SWBPA) in 563 type I diabetic
patients. They observed a significant increase in SWBPA only in
patients with neuropathy. However, there was no comparison of
SWBPA in relation to the severity of neuropathy. Since SWBPA
estimates platelet activation by measuring the decrease in the
platelet count after shaking, it does not necessarily reflect
platelet aggregation, because platelet counts can also be af-
fected by the interaction between platelets and neutrophils or
erythrocytes. So, none of the data currently available are
sufficient to verify the postulation that platelet hyperfunction
may contribute to complications in diabetic patients.

Table 3. SPA in Relation to Nephropathy

DM Patients
Parameter Controls Normoalbuminuria Microalbuminuria Qvert Albuminuria P
No. of subjects 23 27 29 18
M/F 12/11 15/12 21/8 10/8 NS
Age (yr) 55.2 =28 563+ 29 54.2 £ 25 55.2 =+ 2.6 NS
LT {% OD) 4.59 = 0.40 4.96 = 0.49 6.03 = 0.57 8.39 + 1.08*% <.01
LS (x10°% V) 0.06 = 0.01 0.13 £ 0.02 0.16 = 0.04 0.37 = 0.08* <.001

NOTE. The Kruskal-Wallis test was applied to compare values for the 4 groups as a whole, shown as the Pvalue. The nonparametric Bonferroni

test was used to compare between each group.

Abbreviations: DM, diabetes mellitus; M/F, male to female ratio; NS, not significant.

*P <.01 vcontrol.
1P <.05 vnormoalbuminuria.
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Table 4. SPA in Relation to Neuropathy

DM Patients
No Mild Severe
Parameter Controls Neuropathy Neuropathy Neuropathy P

No. of subjects 23 25 20 29

M/F 12/11 14/11 13/7 19/10 NS
Age (yr) 55.2 £ 2.8 46.7 = 1.8 53.4 + 3.3 63.9 = 1.9* <.0001
LT (% OD) 4.59 = 0.40 4.48 + 0.46 6.75 + 0.74 7.35 = 0.751% <.005
LS (X105 V) 0.06 = 0.01 0.11 + 0.02 0.18 = 0.041 0.30 + 0.061% <.0005

NOTE. The Kruskal-Wallis test was applied to compare values for the 4 groups as a whole, shown as the Pvalue. The nonparametric Bonferroni

test was used to compare between each group.

Abbreviations: DM, diabetes mellitus; M/F, male to female ratio; NS, not significant.

*P < .01 vecontrol.
tP < .05 vcontrols.
1P .05 vno neuropathy.

Therefore, we measured SPA by the method developed by
Ozaki et al,)! which allows estimation of the formation of
microaggregates of platelets. In fact, the presence of
microaggregates of platelets was confirmed by the FIC-2 flow
cytometer and imaging device. By the particle counting method
using LS, we were able to confirm that SPA-LS is increased in
type II diabetic patients compared with control subjects, and to
demonstrate for the first time that SPA-LS is increased along
with the increasing severity of complications. On the other
hand, since agonist-induced platelet aggregation failed to show
significant differences among these groups, we believe that SPA
is more sensitive than agonist-induced platelet aggregation for
distinguishing the varying severity of complications. Because
SPA represents small platelet aggregates without agonists, these
findings suggest that platelets obtained from diabetic patients
can be easily activated and the myosin light chain can be easily
phosphorylated.'? We think that the positive correlation be-
tween SPA-LS and the age of the patients does not devaluate the
above-mentioned interpretation, because we observed no signifi-
cant differences in age between control subjects and diabetic
patients as a whole or between control subjects and the three
subgroups for severity of complications, except neuropathy.
However, we cannot exclude the effect of age on SPA-LS in
relation to diabetic neuropathy.

Although we also observed significant differences in SPA-LT

Table 5. Correlation of SPA-LS With Other Parameters

Parameter r P
Age .307 <.01
Diabetes duration .252 NS
HbA,, 437 <.005
Fibrinogen .326 <.05
6KF —.288 NS
TXB2 .043 NS
B6KF/TXB2 —.380 <.05
TG .18 NS
TC .13 NS
HDL-C .106 NS

Abbreviations: TG, triglyceride; TC, total cholesterol; HDL-C, high-
density lipoprotein cholesterol; NS, not significant.

between control subjects and diabetic patients as a whole or
between control subjects and the three subgroups of increasing
severity of complications, we do not believe that the values for
SPA-LT warrant quantitative analysis, because the absolute
values were all less than 10% and the differences between
groups were small. Thus, we believe SPA-LS is a better and
more sensitive indicator than SPA-LT?!3! to evaluate the
correlation of platelet aggregation with the increasing severity
of diabetic complications.

Since the present study is a cross-sectional evaluation of SPA,
these results alone do not provide definite information as to
whether platelet hyperaggregability is a cause or result of
diabetic complications. A longitudinal prospective study of SPA
by this new method and/or intervention with antiplatelet agents
may provide more information to clarify cause-and-effect
relationships between platelet function and diabetic complica-
tions.

For the relation of platelet aggregation and the age of the
patients, no significant correlation was reported.’>* For platelet
aggregation and the duration of diabetes mellitus, a positive
correlation was observed in type 1253 but not in type II*?
diabetic patients. For the relation of platelet aggregation and
glycemic control, a positive correlation was observed in both
type 35 and type II?%% diabetic patients, as well as no
correlation in type I?% and type 11213237 diabetic patients. For
other parameters, Cho et al*° reported fibrinogen as a risk factor
for microangiopathy. Fuller? also reported increased fibrinogen
in subjects with diabetic nephropathy compared against those
without it. On the other hand, Dallinger et al*® reported no
significant increase in fibrinogen in patients with type I
diabetes. The available data are also conflicting in these aspects.
The increase in the TXB2 concentration or decrease in the
6KF/TXB2 ratio is reported to be associated with increased
platelet aggregation.®® By the particle counting method, we
observed significant correlations between SPA-LS and the
patients’ age, HbA,. level, plasma fibrinogen level, or 6KF/
TXB2 ratio. We speculate that the platelet hyperaggregability
may be a consequence of a hypercoagulable state. However, we
think it is also possible that platelet abnormalities play a role in
platelet hyperaggregability. These points should also be clari-
fied in future studies.
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In conclusion, we believe our study is the first to provide
convincing data to demonstrate a close relationship between
platelet hyperaggregability and the increasing severity of dia-
betic complications, which supports the postulation that platelet
hyperfunction may contribute to complications. To clarify
cause-and-effect relationships between platelet hyperaggregabil

IWASE ET AL

ity and diabetic complications, a longitudinal prospective study
of SPA-LS is warranted.
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