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Patients with diabetes mellitus have a variety of platelet and coagulation system dysfunctions. At least theoretically, these can 
contribute to microvascular complications. Intensive glycemic control has been demonstrated to decrease microvascular 
complications in type I diabetics. We studied 16 patients with type I diabetes mellitus (11 men and five women; mean age, 39 
years) with albuminuria greater than 0.1 g/d and/or proteinuria greater than 0.3 g/d and a creatinine clearance rate higher than 
30 mL/min. They received a regimen including three to four injections of insulin per day with or without a weekly infusion of 
intravenous insulin, and were evaluated for 6 months. We compared the plasma level of von Willebrand factor, platelet 
aggregation responses to adenosine diphosphate (ADP), epinephrine, and collagen, and platelet adhesion at the beginning of 
the study and at follow-up intervals. Glycemic control improved significantly. There were no significant differences in the 
platelet aggregation responses to ADP (1.59 ± 0.34 v 1.88 ± 0.23 mmol/L, P = .3; normal, 4.6 ± 0.2), epinephrine (0.50 -+ 0.20 v 
1.11 ± 0.31 mmol/L, P = .06; normal, 7.6 ± 1.5), or collagen (92.4 _+ 6.61 v82.60 ± 3.78 seconds, P = .6; normal, 79.1 ± 3.1) or 
in platelet adhesion (126.31 ± 16.95 v 195.08 ± 30.2 platelets, P = .34; normal, 68.6 ± 1.4). Baseline von Willebrand factor 
increased, but not significantly (166.38% _+ 10.6% v 142.72% ± 14.73%, P = .21; normal, 102.0% ± 6.0%). In type 1 diabetic 
patients with established microvascular complications of nephropathy, a statistically significant improvement in glycemic 
control did not improve the in vitro platelet function abnormalities. Improved glycemic control delays the progression of 
microvascular disease through mechanisms not measured by tests of platelet function. 
Copyright © 2000 by W.B. Saunders Company 

p ATIENTS WITH DIABETES mellitus have a variety of 
platelet and coagulation system dysfunctions. The im- 

paired platelet-mediated vasodilatation, L2 increased platelet 
adhesiveness, 3-1° and increased aggregation 1°'2° have been well 
described. Increases in thromboxane A2 production and release 
by platelets, 21 platelet-dependent thrombin formation, 2z plasma 
[3-thromboglobulin, ~.24 von Willebrand factor, 25.26 vascular cell 
adhesion molecule-l,  27 plasma fibrinogen, 24,'-s fibrinopeptide 
A, 29"30 and platelet factor 43j all may render the platelet/ 
coagulation system more susceptible to inappropriate in vivo 
activation in diabetic patients. 23.32-34 

In type 1 diabetic patients, a hyperaggregation of platelets has 
been demonstrated in association with increased in vitro activity 
of membrane Ca adenosine triphosphatase (ATPase) and de- 
creased activity of Na-K ATPase. 35 These platelet membrane 
enzyme activities were independent of the glucose level in the 
cell culture medium. Platelets of diabetic patients have an 
increased intracellular level of ionized calcium 36 and show an 
altered effect of peptide and protein ligands on membrane 
fluidity. 37 These mechanisms may contribute to microvascular 
complications in diabetic patients. 

Intensive glycemic control has been demonstrated to de- 
crease microvascular complications in type 1 and type 2 
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diabetic patients)  s-4° We have previously reported a relation- 
ship between the progression of renal disease and autonomic 
dysfunction, 4~ as well as a strong correlation between auto- 
nomic dysfunction and increased plasma fibrinogen/fibrinolytic 
activity, 42 in diabetic nephropathy. Aoki et a143 have docu- 
mented that intensive glycemic control slows the progression of 
diabetic renal dysfunction. We hypothesized that intensive 
insulin treatment would improve some aspects of platelet 
dysfunction in patients with type 1 diabetes mellitus over time. 
In the present study, we report the relationship between platelet 
functional studies and glycemic control in type 1 diabetics with 
proteinuria. 

SUBJECTS AND METHODS 

Twenty-two patients were included at the start of the study. Two of 
them were lost to follow-up study, and one was excluded later due to 
sepsis that required hospitalization. Three more patients were excluded 
based on an assay demonstrating inhibition of arachidonic acid by their 
medications, making platelet assays meaningless. Thus, 16 patients 
remained in the study ( 11 men and five women) and were aged 21 to and 
65 years (mean age, 39). They all had (1) an onset of insulin-dependent 
diabetes before age 35, (2) albuminuria greater than 0.1 g/d and/or 
proteinuria >0.3 g/d on two separate 24-hour urine collections, (3) a 
creatinine clearance rate higher than 30 mL/min, (4) the ability to be 
evaluated for a period of 18 months at the Joslin Clinic, (5) a 
willingness to accept randomization, and (6) an absence of pregnancy or 
acute or chronic illness that would render the tests uninterpretable (drug 
dependence, active liver disease, recent myocardial infarction or stroke, 
etc.). They were assigned to a regimen including four subcutaneous 
injections of insulin per day or four subcutaneous injections per day 
plus intravenous insulin once per week. These diabetic patients were 
prospectively and consecutively enrolled as part of a multicenter study 
involving seven institutions in the United States, the purpose of which 
was to determine whether aggressive glycemic control decreases the 
progression of renal disease in diabetic nephropathy. 44 

In this study, we compared the plasma level of yon Willebrand factor, 
platelet aggregation response to adenosine diphosphate (ADP), epineph- 
rine, and collagen, and platelet adhesiveness at baseline and after 6 
months of follow-up study. The yon Willebrand antigen concentration 
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was determined by an enzyme-linked immunosorbent assay (ELISA). 45 
Platelet aggregometry was performed 4~' with a Biodata Pap-4 aggregom- 
eter (Hatboro, PA). ADP and epinephrine (Sigma, St Louis. MO) were 
added at a concentration of 0.005 to 30 ~mol/L. The threshold for each 
time point was determined as the lowest concentration of agonist 
sufficient to produce a biphasic response with 50% ag~egation. 
Collagen (Sigma) at a final concentration of 0.19 mg/mL was adminis- 
tered and the time to initial aggregation (lag time) measured. The 
platelet count in platelet-rich plasma was determined with a ZF Coulter 
Counter (Coulter Electronics, Hialeah, FL). The method for platelet 
adhesion uses a modified Hele-Shaw flow chamber system in which 
platelet-rich plasma is infused at a constant rate over a slide coated with 
fibronectin. The number of platelets that adhered to the slide was 
counted after 8 minutes of infusion, Arachidonic acid assay was 
performed on all samples. Plasma levels of advanced glycosylation end 
products (AGEs) were measured by ELISA using polyclonal antibodies 
to AGE-modified proteins. 47 

Quantitative data were tested for significance by an unpaired t test 
between the mean values for different groups. A paired t test was used to 
test for significance between the means of the same groups at different 
time intervals. All data are expressed as the mean - SE as a measure of 
dispersion. An cx level of .05 was considered significant. All analyses 
were performed using SAS software (SAS Institute. Cary. NC). 

RESULTS 

Baseline measurements of hemoglobin Ate, AGEs, platelet 
responses to ADP, epinephrine, platelet adhesiveness, and von 
Willebrand factor were all abnormal for our laboratory. Glyce- 
mic control improved significantly (hemoglobin A~c, 
9.55% --- 0.35% v 8.24% --- 0.37%, P = .0092; normal, <6.5%) 
over 6 months, and AGEs were I !.59 U --- 2.35 at baseline and 
8.80 U ± 1.94 at 6 months (P < .05). The platelet aggregation 
response to ADP (1.59 __. 0.34 v 1.88 ± 0.23 mmol/L, P = .3; 
normal, 4.6 ± 0.2), to epinephrine (0.50 ± 0.20 v 1.11 ± 0.31 
mmol/L, P = .06; normal, 7 .6-+ 1.5), or to collagen 
(92.4 __. 6.61 v 82.60 _ 3.78 seconds, P = .06; normal, 
79.1 ± 3.1) and platelet adhesion (126.31 ± 16.95 v 
195.08 --- 30.2 platelets, P = .34; normal, 68.6 --+ 1.4) did not 
change significantly. Baseline von Willebrand factor increased 
but did not change significantly (166.38%---10 .6% v 
142.72% ± 14.73%, P = .21; normal, 102.0% ± 6.0%) during 

the study. 

DISCUSSION 

Platelet function abnormalities that may contribute to micro- 
vascular or macrovascular complications are well described in 
diabetic patients. Better glycemic control in type 1 and type 2 
diabetes has been shown to minimize the development or 
progression of microvascular complications in two large trials 
(Diabetes Control and Complications Trial and UK Prospective 
Diabetes Study). In these large trials, 3s'4° there has been a trend 
for fewer complications with larger reductions in hemoglobin 

Ajc. 
Published reports of type I and type 2 diabetics show 

significant differences in both methodology and results. Four 
cross-sectional studies have related glycemic control to platelet 
function in either type 1 or type 2 diabetic patients. Davi et a148 
studied type 2 diabetics, finding that only with tight glycemic 
control is an improvement in platelet function noted. In a 

cross-sectional study of 50 patients with type 1 diabetes, El 
Khawand et a149 showed that patients with poor glycemic 
control had pronounced hemostatic disturbances, but the re- 
sponses of platelet aggregation to ADP or collagen were not 
significantly different when well-controlled groups were com- 
pared with poorly controlled groups of diabetics. Aoki et a122 
demonstrated a higher rate of platelet-dependent thrombin 
generation in type 2 diabetics with poor glycemic control 
compared with a well-controlled diabetic cohort and a cohort of 
normal patients. Wanger et al so found no significant difference 
between a control group and type 1 diabetic patients with 
excellent, good, or poor glycemic control with regard to the 
concentration of platelet [B-thromboglobulin or generation of 
thromboxane B2 and 6-keto-prostaglandin F l a .  

Four prospective studies have related glycemia to platelet 
function in type I diabetics. A significant reduction of the 
platelet synthesis of thromboxane B2 but no reduction in 
platelet hyperaggregation following continuous insulin infusion 
in type 1 diabetics has been reported by Mayfield et al. 5~ Using 
continuous insulin infusion, Turk et al s2 noted that the increase 
in platelet aggregation in response to ADP was significantly 
decreased toward normal at the 6-month endpoint. McDonald et 
al s3 postulated that the reduction in platelet thromboxane B2 
synthesis in type 1 diabetic patients receiving insulin infusions 
in their study might be related to a normalization of lipid 
concentrations. A positive correlation between the low-density 
lipoprotein cholesterol level and platelet aggregation suggests 
that insulin infusion has a physiologically important impact on 
hemostatic and atheroembolic events 52 in type 1 diabetic 
patients without evidence of microvascular disease. Chris- 
tiansen et a154 noted that intensive insulin therapy to near- 
normoglycemia resulted in no difference in platelet reactivity as 
compared with conventional insulin therapy in a cohort of type 
I diabetic patients. In our study, despite a statistically significant 
improvement in glycemic control, there were no physiologi- 
cally important changes in platelet functional abnormalities. 
However, our patients had clinical microvascular disease, 
which was not present in the studies showing a benefit of fight 
glycemic control. In addition to their microvascular disease, our 
patients were unable to achieve a glycohemoglobin level within 
the normal range due to their hypoglycemia, with the resultant 
catechol excess causing problematic hypertension. 

The results of this small study suggest that the moderate 
improvements in glycemic control attained clinically in a 
relatively homogeneous group of patients with microvascular 
disease were not sufficient to reverse the measured platelet 
hyperaggregation over 6 months. Improved glycemic control in 
diabetes may delay the progression of microvascular complica- 
tions through mechanisms of hemostasis not measured by tests 
of platelet function. This is the first study to concentrate on 
patients with microvascular disease. A study of continuous 
insulin infusion in such patients should be undertaken, as 
supported by a recent editorial suggesting that platelet aggrega- 
tion in uncontrolled diabetes is reversible in the absence of 
microvascular disease by improved glycemic control, by reduc- 
ing the formation of AGEs that may react direcdy on platelets or 
indirectly via induction of lipid peroxidadon. 55 
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