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ABSTRACT 

Diabetics have a much greater morbidity and mortality due to coronary heart disease 

(CHD) than non-diabetics. Furthermore, diabetic women have a 3.8 fold greater risk for 

CHD compared to diabetic men. Inflammation is now considered a risk factor for 

cardiovascular disease and also plays a role in diabetes. It is possible that diabetic 

women with cardiovascular disease (CVD) have a greater inflammatory response and 

increased interaction between white cells and platelets than diabetic men with CVD or 

non-diabetic women with CVD. This study tested the hypothesis that platelet-neutrophil 

conjugates, platelet activation, neutrophil activation, and cytokine production 

(interleukin-6 (IL-6), tumor necrosis factor (TNF-a), and interleukin-1 (IL-lp)) are 

increased in diabetic women with CVD compared to diabetic men with CVD and non-

diabetic women with CVD. 

Neutrophil activation was assessed by measuring the expression of neutrophil CDl lb and 

the production of Reactive Oxygen Species (ROS). We found that the baseline 

expression of CDl lb and ROS was not statistically different among any of the groups. 

Platelet activation was quantified by the expression of GPIIb/IIIa and P-selectin. We 

found that the baseline expression of GPIIb/IIIa was not significantly different among 

any of the groups. Diabetic women with CVD had a 2 fold greater expression of platelet 

P-selectin compared to diabetic women without CVD. We also found the platelet-

neutrophil conjugate reactivity to platelet activating factor (PAF) was significantly 

increased by 60% in diabetic and non-diabetic women with CVD in comparison to 
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diabetic men with CVD. Finally, we found that IL-6 was increased over fourfold in 

diabetic women with CVD compared to non-diabetic women. 

These results indicate that platelets are chronically activated and IL-6 is chronically 

elevated in diabetic women with CVD compared to diabetic women without CVD and 

may contribute to thrombosis and the greater severity of coronary heart disease observed 

in diabetic women. The platelet-neutrophil conjugates may contribute to 

thrombosis/inflammation and the greater severity of coronary heart disease observed in 

diabetic women as compared to diabetic men. These aspects of inflammation may 

indicate one of the processes that exacerbate cardiovascular disease in diabetic women. 
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CHAPTER 1. INTRODUCTION 

DIABETES AND CARDIOVASCULAR DISEASE 

Epidemiology of Diabetes Mellitus and Cardiovascular Disease 

There are 17 million people in the United States who have diabetes and 95% of those 

have type 2 diabetes (1). Approximately one third of all cases of type 2 diabetes are 

undiagnosed and untreated (2). Diabetes has increased morbidity and premature 

mortality (3). In 1960, 2.6% of adults greater than 45 years old were diagnosed with 

diabetes. By 1990, 7% of adults greater than 45 years were diagnosed with diabetes (4). 

This may be due to the increased obesity and physical inactivity. In 1960, 13% of adults 

were obese and in 1999, the percentage had risen to 27% (5). It is thought that in adding 

up all the people with diagnosed and undiagnosed diabetes and impaired glucose 

tolerance (IGT) it totals some 35 million Americans (2). The risk for cardiovascular 

disease (CVD) is 2 to 8 fold higher in people with diabetes than matched non-diabetic 

individual. In non-diabetic individuals, the risk of CVD is higher in women than in men 

(2). Men with diabetes are 2 to 3 times more likely to die from coronary heart disease 

(CHD) than those without diabetes and the risk for diabetic women is even higher (6-11). 

According to the American Heart Association, cardiovascular disease was the number 

one cause of death in women in 2000. In 2000, there were over 945,000 deaths from 

CVD in the United States. 53% of these deaths due to CVD were in women (12). 



Classification of Diabetes Mellitus 

Diabetes is a disease in which insulin is not produced or properly used by the body. It is 

characterized as a chronic metabolic disorder with hyperglycemia and abnormal energy 

metabolism. Insulin is a hormone secreted by beta cells in the pancreas. This hormone is 

used by the body to convert sugar and starches to energy. Diabetes is caused by a 

combination of genetic, autoimmune, and environmental factors. The precise mechanism 

is unknown but many factors contribute to the development of diabetes including obesity 

and physical inactivity. There are three major types of diabetes; type 1 diabetes, type 2 

diabetes, and gestational diabetes (1). 

Type 1 diabetes, previously known as juvenile onset diabetes or insulin dependent 

diabetes mellitus (IDDM), traditionally affects children and young adults. 

Approximately 5-10% of people with diabetes have type 1 diabetes. In type 1 diabetes, 

the body's immime system destroys the beta cells in the pancreas and the patient no 

longer produces insulin. People initially presenting with type 1 diabetes have three key 

features; polyuria (excessive urination), polydipsia (excessive thirst), and polyphagia 

(increased appetite). This deficiency of insulin inhibits the uptake of glucose by the cells 

in body in turn causing the cells in the body to starve. Since the body is unable to obtain 

glucose as an energy source it begins to make keto-acids by triggering lipolysis which 

then releases fatty acid and in turn causes keto-acid synthesis. When the body produces a 

large amount of ketones the blood's buffering capacity is overwhelmed and the patient 

can suffer from diabetic ketoacidosis (DKA). DKA is usually the disorder in which 



patients with type 1 diabetes present with and is Ufe threatening. Patient with type 1 

diabetes are treated with injections of insulin to prevent DKA (1). 

Type 2 diabetes, previously known as adult onset diabetes or non-insulin dependent 

diabetes mellitus (NIDDM), traditionally affected adults but is currently affecting 

children at an increasing rate. Type 2 diabetes is caused by a combination of genetics, 

inactivity, and obesity. Type 2 diabetes is characterized by peripheral insulin resistance, 

impaired regulation of hepatic gluconeogenesis, and a relative impairment of beta-cell 

function. In the early stages patients have hyperinsulinemia without hyperglycemia 

which eventually leads to beta-cell failure. The beta-cells are no longer able to 

compensate for the tissue resistance and the insulin levels are inadequate to maintain the 

euglycemia. The patient then is characterized by hyperglycemia, which contributes to the 

long-term microvascular complication of diabetes: retinopathy, nephropathy, and 

neuropathy. Patients with diabetes are also at risk for macrovascular complications: 

coronary artery disease, peripheral vascular disease, and strokes. Patients with type 2 

diabetes are usually asymptomatic, but can present with polyuria, polydipsia, polyphagia, 

fatigue and blurred vision (1). 

The hyperglycemia that is present in patients with diabetes can be evaluated through 

testing the glycated hemoglobin. Glycated hemoglobin measures the time-averaged 

blood glucose of the previous three months. It measures how much glucose adheres 

(glycates) to the hemoglobin portion of the red blood cell (13). Advanced glycation end 



products (AGEs) are a result of advanced protein glycosylation. AGEs accumulate in 

tissues as a function of time and sugar concentrations. AGEs can cause permanent 

damage in extracellular matrix components, stimulate cytokine, stimulate reactive oxygen 

species production, and modify intracellular proteins (14). 

Diabetes and Cardiovascular Complications 

Cardiovascular disease is the number one killer of patients with diabetes. CVD accounts 

for up to approximately 89% of the deaths of people with type 2 diabetes (15). The 

relative risk of death due to cardiovascular events in people with type 2 diabetes is 3 fold 

higher than in non-diabetics (16). When adjusted for risk factors, the risk rate for 

increased mortality is 2.4 times greater for diabetic men and 3.5 times greater for diabetic 

women (16,17). 

Kuller et al. found that at baseline, diabetics had a higher prevalence of clinical and 

subclinical CVD and the risk of clinical events was greater in patients with a history of 

diabetes compared to patients with newly diagnosed diabetes (18). It was determined that 

there is a higher prevalence of atherosclerosis in diabetic versus non-diabetic patients 

(19). Diabetics have an enhanced coagulability putting them at an increased risk for 

thrombosis formation (20). Glycosylation of proteins could possibly affect the arterial 

wall physiology and risk of diabetes (21). Elezi et al. determined that patients with 

diabetes have a poorer clinical outcome at one year after successful stent placement 

compared to non-diabetic patients. Diabetic patients had a higher incidence of death. 



16 

myocardial infarction, reintervention, and increased risk for restenosis (22). Iribarren et 

al. determined that poor glycemic control (evaluated by the level of hemoglobin Ajc) 

may be associated with an increased risk of heart failure in diabetic patients (23). 

Wolfe et al. reported that coronary artery calcification was greater in type 2 diabetics than 

matched non-diabetics (24). Devereux et al. found that men and women with diabetes 

mellitus had a larger left ventricular mass and wall thicknesses and smaller left 

ventricular fractional shortening in comparison to non-diabetic counterparts. They also 

determined that the pulse pressure/stroke volume and arterial stiffness was higher in 

patients with diabetes (25). 

The link between diabetes and cardiovascular disease is a subject of intense investigation. 

Possible mechanisms that explain the pathophysiology of ischemic heart disease in 

diabetes include the atherogenic properties of insulin, abnormalities in lipid metabolism, 

effects of hyperglycemia, and the disruption in the coagulation system. Diabetic patients 

also suffer from other risk factors including obesity, advanced age, and/or hypertension 

(26). Patients with diabetes usually have dyslipidemia including increased very-low-

density lipoprotein, decreased high-density lipoprotein (HDL), and increased low-density 

lipoprotein (LDL) (27,28). The platelets of diabetic patients tend to be activated with 

increased thromboxane A2 release and platelet aggregability (29,30). Platelets in diabetic 

patient have a 50% reduction in the life span (26). Patients with diabetes also have an 

increase of von Willebrand factor, fibrinogen, d-dimer, thrombin, plasminogen activator 



inhibitor-1, and activity of factor VII (26,31). All of these components alter the 

coagulation status (26). 

Cardiovascular Complications in Women Compared to Men 

The difference in pathology of diabetes and cardiovascular disease between men and 

women was neglected for many years, but the importance is finally being recognized. 

Several reports indicate a worse prognosis for women with CHD than men with CHD 

(32). The death rate due to cardiovascular disease in the United States was reduced, but 

the reduction is much less for women than men (12). The absolute number of deaths due 

to CVD in women is higher than deaths due to CVD in men (12). The estimated costs of 

CVD in men and women exceeded $350 billion in 2000 (12). Coronary heart disease 

(CHD) and stroke is the leading killer of women in the United States. One in two women 

will eventually die of heart disease or stroke (12). In the Framingham Heart Study, two 

thirds of sudden deaths due to CHD in women occurred without previous symptoms, thus 

stressing primary prevention (32). Cardiovascular disease in women presents 10 to 15 

years later than in men and one of the hypotheses is that ovarian hormones play a 

protective role (33). 

Diabetes mellitus is an even stronger risk factor for CHD in women than in men. 

Diabetes is associated with three to sevenfold elevation in CHD risk among women 

compared with a two to threefold elevation among men (34). Another study 

demonstrated that the prevalence rate ratio for CHD in individuals with type 2 diabetes 
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compared to non-diabetics was 4.6 in women compared to 1.8 in men (35). Howard et al. 

examined different risk factors in diabetic and non-diabetic men and women. They found 

that waist-to-hip ratios, LDL cholesterol, HDL cholesterol, apoB, apoAl, fibrinogen and 

LDL size were significantly greater in diabetic women in comparison to diabetic men 

(36). 

CARDIOVASCULAR DISEASE AND MENOPAUSE 

Menopause 

Menopause is marked by the termination of the reproductive phase in a women's life. At 

this point almost all of the oocytes have undergone atresia. The term "menopause" 

denotes the final menstruation and the average age of menopause in the United States is 

50-51 years of age. Various physiologic and hormonal changes occur during this period 

including a decrease in estrogen and increase in FSH and LH. The fall in estradiol leads 

to symptoms of vasomotor flushing, sweats, mood changes, and depression. There are 

two pathophysiologic consequences of the decrease in estrogen. The first concerns the 

cardiovascular system. Once menopause has occurred, the protective benefits of estrogen 

on the lipid profile and the vascular endothelium are gone. The other pathophysiologic 

effect is that menopause accelerates bone resorption because estrogen plays an important 

role in regulating osteoclast activity. The increased bone resorption leads to osteopenia 

and then osteoporosis (37). 



Role of Estrogen in Cardiovascular Disease 

After menopause women have an enormous increase in incidence of cardiovascular 

disease. It is thought that the lack of estrogen plays a significant role in the pathogenesis. 

Several studies have reported that women who have undergone bilateral oophorectomy 

are at increased risk of developing cardiovascular disease relative to premenopausal 

women and women who underwent hysterectomy without oophorectomy (38-40). This 

indicates that endogenous ovarian hormones possibly have a role in preventing 

cardiovascular disease (41). The mechanism as to how postmenopausal hormone 

replacement therapy (HRT) is associated with reduced risk of cardiovascular disease 

remains obscure. 

The beneficial effects of exogenous estrogen on cardiovascular disease include lowering 

body weight (42-44), increasing HDL cholesterol and lowering LDL cholesterol (42,45-

47), lowering fasting insulin and glucose levels (42,46), decreasing blood pressure (48), 

decreasing insulin resistance (48), and possible regression of atherosclerotic plaques (49). 

Estrogen also has favorable changes in thrombotic markers such as plasminogen activator 

inhibitor, fibrinogen, and D-dimer (50). Along with all the good, estrogen also increases 

the plasma triglyceride by 24 to 67% (51,52). The indirect effects of estrogen include 

decrease in LDL oxidation. The direct effects of estrogen also include increased 

cardiovascular production of nitric oxide from the endothelial cells, smooth muscle cells, 

and myocardial cells (16). Estrogen can also inhibit vascular smooth muscle and 

myocardial growth and remodeling. Estrogen can influence endothelial cell proliferation 
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resulting in increased angiogenesis. Another direct effect of estrogen is increased platelet 

nitric oxide production resulting in reduced platelet aggregation (16). 

Estrogen receptor-a and estrogen receptor-P, are expressed on cardiovascular cells, 

reproductive tissues, bone, liver, and brain (53). Estrogen receptor-a is reported on 

vascular smooth muscle cells and endothelial cells (54). There are two established 

mechanisms that estrogen can take to exert their action. One is a rapid, more transient 

effect that occurs within a few minutes after the exposure to estrogen and is independent 

of gene expression, including increased dilatation and increased nitric oxide production 

(54). The other is a longer term effect of estrogen that involves gene expression 

including increased endothelial cell growth and decreased smooth muscle cell growth 

(53,54). 

The effects of estrogen on lipoproteins, carbohydrate metabolism, hemostasis, and vessel 

wall tone support a cardioprotective role for estrogen (55). Estrogen's effect on 

lipoprotein is one of the major benefits of estrogen. When a woman goes through 

menopause, the low-density lipoprotein cholesterol level increases from 100-120 to 140 

mg/dL (56). Postmenopausal women have a higher LDL cholesterol level than age-

matched men (57). It was demonstrated in the Postmenopausal Estrogen/Progestin 

Interventions (PEPI) trial and multiple other studies that postmenopausal estrogen 

decreases the LDL by about 10% and increased the HDL cholesterol by 10% (45,58,59). 
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Estrogen's effect on carbohydrate metabolism includes decrease of fasting blood sugar, 

decrease of fasting insulin, and increase insulin sensitivity (60,61). Salomaa et al. 

demonstrated that estrogen significantly lowered fasting and two hour insulin levels and 

fasting blood glucose levels (62). After menopause, there is a progressive increase in 

insulin resistance (63). 

Estrogen also effects hemostasis. Men and women with higher fibrinogen levels have 

significantly greater frequency of CHD according to one study (64). In the PEPl trial, 

fibrinogen was increased in patients not taking HRT (45). Marchien van Baal et al. 

demonstrated in women after 12 months of HRT a 15% decrease in plasma levels of 

endothelin-1, a 21% decrease in soluble thrombomodulin, a 14% decrease in von 

Willebrand factor, a 12% decrease in clottable fibrinogen, and a 5% decrease in soluble 

E-selectin. There was no significant change in endothelium-independent vasodilatation 

and plasma levels of vWF-propeptide, VCAM-1, fibrinogen antigen, and CRP. This 

study supports the hypothesis that long-term HRT improves endothelial function and 

possibly decreases cardiovascular risk (65). It was also demonstrated that estrogen 

decreases platelet aggregation and increases blood flow by increasing local production of 

prostacyclin (66). 

Estrogen also effects vascular reactivity and tone. Reis et al. determined that intravenous 

estrogen given to postmenopausal women increases coronary artery blood flow by 23%, 

decreased coronary artery resistance by 15%, and increased coronary artery cross-



sectional area by 20% (67). Estrogen was also observed to increase the production of 

prostacyclin in the vascular wall, decrease thromboxane A2 synthesis by platelets, and 

increase the production of nitric oxide, causing vasodilatation (55). Studies have 

suggested that estradiol-17p may cause vasorelaxation by increasing the release of 

endothelium-derived relaxing factor (EDRF-nitric oxide) (63). Angerer et al. examined 

the distensibility of carotid arteries in women given hormone replacement therapy for 48 

weeks. They found that estrogen and progestin did not influence the distensibility of 

central arteries (68). In various animal studies, estrogen replacement was demonstrated 

to inhibit the development of atherosclerotic lesions (69-71). It was observed in 

atherosclerotic coronary arteries of premenopausal women that there is a significantly 

decreased expression of estrogen receptors compared to normal arteries (72). Zanger et 

al. demonstrated that hormone therapy significantly decreased the serum levels of cell 

adhesion molecule E-selectin, intercellular adhesion molecule-1, and vascular cell 

adhesion molecule-1. It was also demonstrated that CRP and IL-6 were elevated, but not 

significantly (73). 

Estrogen may act as a calcium channel blocker and an antioxidant; both are possibly 

mechanisms that could protect against CAD (74). In a study by Bodel et al., respiratory 

bursts following phagocytosis were suppressed when estradiol was present. This study 

demonstrated suppression in some of the normal response of leukocytes to phagocytosis, 

i.e. increased respiration, glucose oxidation, and granule lysis, when cells were incubated 

with estradiol (75). Rosenson et al. determined in a randomized, double blind study. 



plasma viscosity was significantly decreased with estrogen replacement therapy. The 

authors hypothesize that this could be a mechanism in which ERT plays a protective role 

in postmenopausal women (76). Noriko et al. determined that estradiol replacement at 

physiological doses in ovariectomized female rats decreased the rate of apoptosis of 

endothelial cells by approximately 50%. Progesterone did not influence the effects of 

estradiol on endothelial cell apoptosis (77). 

Effects of Hormone Replacement Therapy on Cardiovascular Disease 

Many observational studies report a significant reduction of CHD with use of estrogen 

replacement therapy (ERT) with or without progesterone. A meta-analysis of more than 

30 studies determined that the relative risk of CHD for women who used estrogen was 

0.65 of the rate for women who never used estrogen (78). Another meta-analysis of the 

majority of observational epidemiological studies demonstrated a 35% reduction in CHD 

events among users of ERT alone and similar results for HRT. (79) Another meta

analysis of studies examining the effects of estrogen on cardiovascular disease 

determined that estrogen therapy had a relative risk of 0.56 (80). Klein et al. determined 

that women with more than 18 years of endogenous estrogen exposure had a statistically 

significant 20% decrease in cardiovascular mortality compared with those who had 13 

years or less of exposure. Therefore, the age of menopause is related to cardiovascular 

disease mortality (81). 
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The Nurses' Health Study (NHS) reported a two-fold increased risk of myocardial 

infarction (MI) or coronary heart disease death within the first year after initiation of 

hormone therapy in women with prior MI compared with nonusers of hormones (82). 

The study determined that for short-term current users the relative risk for major coronary 

disease was increased 25% compared to non-users. After longer-term hormone use, the 

rate of second events was lower in current users than in never-users. There was no 

difference observed between the estrogen alone and the estrogen combined with 

progestin groups (83). In the 10-year follow-up of the Nurses' Health Study, the relative 

risk of major coronary disease in women who currently used estrogen was 0.56 compared 

with women who had never used hormones (84). In conclusion, on the 20 year follow up 

the relative risk for a second event among current users of hormone therapy was 0.65 

compared to women who never used hormones (83). The limitation of all these 

observational studies include the healthy-user bias, compliance bias, surveillance bias, 

and healthy-survivor bias (55). It is also thought that women who take HRT are healthier 

(selection bias). The monitoring and treatment may be more intensive for women taking 

HRT (prevention bias). Taking a medication every day is significantly associated with 

survival benefit (compliance bias) (53). In the Healthy Women's Study, women who 

decided to take hormones had significantly increased HDL, decreased blood pressure, 

decreased fasting insulin, decreased body weight, decreased alcohol intake, and increased 

physical activity. These factors may exaggerate the protective effects of estrogen (82). 



The Heart and Estrogen/Progestin Replacement Study (HERS) was a large randomized, 

double blind, placebo-controlled clinical trial of estrogen replacement therapy for 

secondary prevention of coronary heart disease (incidence include prior history of MI, 

coronary revascularization, or angiographic evidence of CHD) in postmenopausal 

women. HERS did not demonstrate a reduced rate of coronary heart disease events after 

4.1 years. This study enrolled 2763 postmenopausal women with CHD. The two groups 

were not significantly different at the onset of the study. The risk of nonfatal myocardial 

infarction or death from CHD was 52% higher after the first year in the HRT group 

compared to the placebo. Women taking HRT did have a 14% decrease in LDL 

cholesterol compared to a 3% decrease in the placebo group in the first year of the study. 

There was an increase of 8% in HDL cholesterol and 10% in triglyceride in the HRT 

group compared to 2% reduction in HDL and 2% increase in triglyceride in the placebo 

group. At the end of the study, there was no significant difference in total mortality 

between the groups. Women in the HRT group did have a significantly greater number 

of venous thromboembolic events in comparison to the placebo group at the end of the 

study. A possible explanation of these unexpected results include inadequate duration of 

follow-up, adverse effects of the progesterone, estrogen having an early risk and a late 

benefit, a population too old to benefit form therapy, or that HRT is ineffective in 

preventing cardiovascular events in women with established disease (59). In results 

similar to the HERS study, there was a study in which men with documented MI were 

given estrogen. This design provided an opportunity to evaluate the effects of estrogen as 

secondary prevention of CVD in men. The relative hazards for 0 to 4 months were 1.58 



and 0.96 for 13 to 60 months. These results indicate that estrogen increased 

cardiovascular events during the first four months but after sixty months, there was no 

effect of estrogen, positive or negative (85). 

The most recent randomized controlled trial. Women's Health Initiative, examined the 

risks and benefits of estrogen plus progestin in healthy postmenopausal women. They 

determined that the overall health risks, including CHD and stroke risk, exceeded the 

benefits from the use of estrogen plus progestin after a 5.2 year follow-up. They 

concluded that this regimen should not be initiated or continued for primary prevention of 

CHD (86). An in depth review of all the literature determined that postmenopausal 

hormone replacement therapy is not indicated for the purpose of cardiac disease 

prevention (87). 

The Estrogen Replacement and Atherosclerosis (ERA) Trial tested the effect of ERT and 

HRT on the progression of atherosclerosis in postmenopausal women with documented 

coronary stenosis. This study found no benefit of estrogen and progesterone on the 

angiographic progression of the disease after 3.2 years of follow-up (88). Angerer et al. 

determined that 1 year of HRT did not slow the progression of subclinical atherosclerosis 

in postmenopausal women (89). 

Measurement of carotid artery intima-medial thickness (IMT) has proven to be a good 

marker of subclinical atherosclerotic cardiovascular disease (CVD). An increased carotid 
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IMT is associated with an increased risk of myocardial infarction and stroke in patients 

without a prior history of CVD (90,91). Dwyer et al. determined that in women who had 

undergone bilateral oophorectomy, the intima-media thickness was significantly related 

to years since hysterectomy and over 90% of the women had a history of hormone 

replacement therapy use. This finding of increased intima-media thickness in the 

presence of HRT supports the thought that estrogens do not have a beneficial effect on 

atherosclerosis (41). 

Since it appears that hormone replacement therapy does not have the cardiovascular 

preventative effect SERMs (selective estrogen receptor modulator) were developed. 

Gerdien et al. examined raloxifene (a SERM) as an alternative to postmenopausal 

hormone replacement. Raloxifene exerts the beneficial effects on bone and 

cardiovascular risk factors and acts as an antagonist on the endometrium and breast 

tissue. They found that raloxifene lowered the level of LDL cholesterol and fibrinogen 

and the results were similar to the results of estrogen (92). 

Another possibility is that testosterone, not estrogen, is the hormone that is protecting 

women from cardiovascular disease prior to menopause. Golden et al. took a group of 

women with no history of HRT and examined the endogenous postmenopausal hormone 

levels in women with and without significant carotid atherosclerosis. There was no 

association between atherosclerosis and the levels of estrone, dehydroepiandrosterone 



sulfate, or androestenedione. They did find that patients with higher levels of 

testosterone had lower risk of atherosclerosis (49). 

Effects of Cardiovascular Disease on Postmenopausal Diabetic Women 

Women with diabetes have a five to sixfold higher risk of CHD compared to non-diabetic 

women (56,93). The question remains as the effect of hormone replacement therapy on 

cardiovascular disease in diabetic women. Diabetics are half as likely to be prescribed 

HRT compared to those in the general population (94) even though there are no adverse 

effects of HRT on blood pressure and glycaemic control in diabetic women (95,96). 

Recent studies on diabetic postmenopausal women have demonstrated an improvement of 

insulin sensitivity and glycemic control after treatment with estrogen (97). There is also 

a decrease of LDL and an increase of HDL observed in the same women (97,98). A 

significant decrease of HbAic was observed in postmenopausal diabetic women that were 

treated with estrogen (97,98). The PEPI trial determined that patients taking ERT with or 

without progesterone had decreased fasting levels of glucose and insulin (99). 

In a study by Robinson et al., the question of the effects of hormone replacement therapy 

on lipid profile of diabetic patients was examined. It was discovered that LDL 

cholesterol levels were similar between diabetic and non-diabetic women on HRT. It was 

also demonstrated that the HDL-raising effects of HRT were blunted in diabetic women 
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compared to non-diabetic women and triglycerides were increased to a greater degree in 

diabetic women in comparison to non-diabetic women (100). 

DIABETES, CARDIOVASCULAR DISEASE, AND INFLAMMATION 

Inflammation is now considered a primary cardiovascular risk factor and a recent study 

of predictors of cardiovascular risk ranks markers of inflammation, such as C-reactive 

protein, as comparable to markers of cholesterol (101-103). It is known that 

inflammation mediates the formation of atherosclerotic plaque, the major cause of 

cardiovascular dysfunction. One of the links between diabetes and cardiovascular disease 

is inflammation. Hayden et al. hypothesized that type 2 diabetes mellitus is a vascular 

disease (atherosclerosis) and that NOS, NO, and redox stress, components of 

inflammation, play a causative role in type 2 diabetes, in turn causing atherosclerosis 

(104). Vozarova et al. reported that a high white blood cell (WBC) count predicts the 

development of type 2 diabetes and a worsening of insulin action in Pima Indians. The 

WBC count was positively correlated with measures of adiposity and fasting plasma 

insulin concentration (105). Studies by Thorand et al. and Barzilay et al. also found that 

low-grade inflammation (in particular C-reactive protein) was associated with an 

increased risk of type 2 diabetes mellitus in middle-aged men and the elderly (106,107). 

Earl et al. reported that men and women with a higher WBC and sedimentation rate had 

a greater risk of developing diabetes (108). 



Atherosclerosis in Diabetes 

Atherosclerosis develops at an earlier age in patients with diabetes and involves the 

coronary vessels more extensively (13). The endothelial cell layer acts as a barrier to 

separate circulation factors and the arterial wall. It also functions as a anticoagulant and 

fibrinolytic surface (109). Factors which are commonly increased in diabetes, like 

glucose, free fatty acids, lipoproteins, and derivatives of glycation and oxidation, can all 

damage endothelial cells (110). In the atherogenic process, the adhesion of leukocytes to 

the vascular endothelium involves many adhesion molecules (vascular adhesion 

molecule-1, VCAM-1, intercellular adhesion molecule-1, ICAM-1, E-selectin, and P-

selectin), which are increased in people with diabetes (111-113). These aid the migration 

of circulating monocytes into the arterial intima. There they undergo differentiation and 

activation resulting in a fatty streak. Endothelial cells and macrophages both produce 

cytokines and growth factors that cause smooth muscle cells to migrate from the media to 

the intima where they proliferate and form a fibrous cap. Then cell death occurs which 

results in a large lipid core with necrotic tissue, macrophages, and a thin fibrous cap, 

which can result in a plaque rupture. Some evidence indicates an increased amount of 

macrophages in the atherosclerotic lesions of diabetic patients. Possibly this results from 

an increased recruitment of macrophages into the vessel wall by the higher levels of 

cytokines (109). 

Hyperglycemia adds another complicating factor to atherosclerosis. Hyperglycemia 

causes an increase of oxidative stress and decrease of nitric oxide, leading to apoptosis 



and impaired function of the endothelium. Hyperglycemia causes glycation of most 

molecules in the arterial wall, which produces AGEs (advanced glycation end products). 

Then complexes are formed and irreversible substances that are highly injurious to the 

integrity and function of the vessel walls. This can be done via three pathways; AGE 

cross-bridges formed between macromolecules, AGE accumulation into the vessel wall 

via trapping blood components, or by disrupting the cell fimction that involve receptor 

and non-receptor pathways. The vasculature is then full of these pathogenic substances 

that in turn activate local inflammation and hypertrophy. Resting T lymphocytes (CD4, 

CDS) have AGE receptors constitutively expressed and their activation in the vessel wall 

may also trigger a low-grade inflammation (109). 

Neutrophil Function in Diabetes 

An elevated total white blood cell (WBC) count is considered a risk factor for 

atherosclerosis. WBCs are believed to contribute to vascular injury and atherosclerotic 

progression (114,115). Chong et al. determined that there was a direct association of 

WBC count and the incidence of coronary heart disease and stroke and with 

cardiovascular disease mortality (after adjustment for age, sex, and race) (116). 

Neutrophils are a main type of inflammatory cells and once activated they release 

reactive oxygen species, including hydrogen peroxide, contributing to endothelial 

damage and cardiovascular disease (117,118). Neutrophils are also known to release 

cytokines (119). Okouchi et al. determined that hyperinsulinemia increased neutrophil 
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transendothelial migration in a dose-dependent response and this could then possibly 

accelerate atherosclerosis (120). Salas et al. determined that in ischemia-reperfusion in 

diabetic rats, there was a significantly larger amount of leukoc5^e adhesion and migration 

(121). Studies have demonstrated that hyperglycemia and AGEs decrease neutrophil 

function, possibly contributing to the dysfunctional host defense in diabetic patients 

(122,123). 

Both ROS production and the expression of GDI lb are linked to diabetes and GVD. 

Wong et al. determined that AGEs caused a dose-dependent increase of the neutrophil 

respiratory burst in response to a secondary mechanical stimulus (124). Mohanty et al. 

demonstrated that glucose stimulated ROS generation by neutrophils (125). Yasunari et 

al. determined that monocytes and neutrophil oxidative stress was increased in patients 

with both hypertension and diabetes. They also determined that there was a significant 

correlation between neutrophil oxidative stress and HbAic (126). Sampson et al. 

determined that acute glycemia caused an increase in monocyte Mac-1 (GDI lb) 

expression in type 2 diabetic patients, but there was no significant change in neutrophil 

expression of Mac-1 after the glucose load (127). Hu et al. demonstrated that at clinical 

concentrations of insulin, leukocyte GDI lb expression is increased, but leukocyte 

respiratory bursts are decreased (128). 



Platelet Function in Diabetes 

Platelets are a known component of inflammation. Platelets are known to be the source 

of various inflammatory mediators including thromboxane A2 and P-selection (129,130). 

These inflammatory mediators then can upregulate the complement system or cytokines 

(131,132). Activated platelets adhere to the endothelium and induce inflammatory 

responses of the endothelium, which in turn contributes to the early steps of 

arteriosclerosis (133,134). 

Platelet adhesion and platelet aggregation were observed to be increased in diabetes 

mellitus. Platelet reactivity is suggested as a potential mechanism of the accelerated 

atherosclerosis and increased incidence of thrombosis observed in diabetes (135,136). 

Gresele et al. determined that acute, short-term hyperglycemia caused an increased 

activation of platelets exposed to high shear stress. They hypothesized that 

hyperglycemia in type 2 diabetes mellitus may cause vascular occlusions via platelet 

activation (137). Davi et al. demonstrated that in type 2 diabetes there is an increase 

platelet in vivo thromboxane production. This increase of thromboxane might then 

mediate the increased fibrinogen binding and aggregation of platelets in patients with 

diabetes (29). Endler et al. determined that an increased mean platelet volume, which is 

an indicator of more reactive platelets, places patients with coronary artery disease at an 

increased risk of myocardial infarction (30). 
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GPIIb/IIIa is a receptor expressed by platelets when they are activated. Various 

GPIlb/IIIa inhibitors are an area of active research in preventing complications linked to 

percutaneous coronary intervention. Various studies have demonstrated that 

administration of a glycoprotein Ilb/IIIa antagonism is effective to prevent ischemic 

complication of percutaneous coronary intervention in women and diabetic patients. 

These results are comparable to that of their male counterparts (138-140). 

P-selectin was also demonstrated to play an active role in cardiovascular disease and 

diabetes. The primary interaction between platelets and leukocytes is via the P-selectin 

receptor on the platelets and the P-selectin glycoprotein Iigand-1 (PSGL-1) on leukocytes 

(141-146). Nomura et al. determined that platelet P-selectin expression was increased in 

diabetic patients (147). Zhou et al. determined that administration of a P-selectin 

antagonist decreased the accumulation of leukocytes and decreased neointimal formation 

after balloon injury in diabetic rats (148). 

Platelet-Neutrophil Conjugates in Diabetes 

The primary interaction between platelets and leukocytes is via the P-selectin receptor 

(also known as the platelet activation dependent granule external membrane/granule 

membrane protein 140 (PADGEM/GMP-140) or CD62) on the platelets and the P-

selectin glycoprotein ligand-1 (PSGL-1) on leukocytes (141-146). Kinder et al. 

demonstrated that monocytes have a competitive advantage over neutrophils when 

binding activated platelets (141). Platelets and endothelial cells both express P-selectin. 



P-selectin, which is stored in a-granules of platelets and in Weibel-Palade bodies of 

endothelial cells, is translocated to the cellular surface within 5 to 15 minutes after 

stimulation with histamine, thrombin, or oxygen radicals (149-153). The adhesion 

between P-selectin and PSGL-1 is stabilized by binding of Mac-1 (GDI lb/CD 18) to a 

counter-receptor on platelets (144,145,154,155). The expression of Mac-1 is a result of 

tyrosine phosphorylation and mitogen-activated protein kinase activation after PSGL-1 

ligation (155-157). The binding of platelets to leukocytes was demonstrated in vitro to 

cause the expression of pro-inflammatory cytokines, the production of oxidative bursts, 

upregulate expression of cell adhesion molecules like Mac-1, induce neutrophil 

activation, and generate signals that promote integrin activation (132,158-161). 

Platelet-neutrophil conjugates are observed in various cardiovascular disease states. 

Neumann et al. determined that after an acute myocardial infarction (AMI) leukocyte-

platelet adhesion was increased and remained elevated for at least five days after PTGA. 

They also determined that binding activated platelets induced IL-1|3 release by 

leukocytes. It was concluded that the platelet-leukocyte conjugates might contribute to 

inflammatory responses in acute coronary syndromes (132). Morse et al. reported that 

during cardiopulmonary bypass (GPB), patients have significantly activated platelets 

(increase of P-selectin) and neutrophils (increase of GDI lb) (162). In another study 

examining GPB, Kinder et al. demonstrated that monocyte-platelet conjugates were 

increased significantly during GPB and neutrophil-platelet conjugates were increased 

only slightly (163). Gawaz et al. reported platelet-leukocyte adhesion was increased in 



patients with symptomatic coronary heart disease when compared to normal controls. 

The study also determined that when stimulated, patients with symptomatic coronary 

heart disease had a hyper-reactive response, possibly indicating an increased risk of an 

acute thrombotic event (164). 

The role of platelet-neutrophil conjugates in ischemia-reperfusion injury was also 

investigated. Lefer et al. examined the effects of neutrophils and platelets separately and 

together in causing cardiac dysfunction in perfused rat hearts after ischemia and 

reperfusion (I/R). It was demonstrated that I/R hearts perfused with neutrophils or 

platelets alone exhibited a decreased of 10% to 12% of heart functions but when 

neutrophils and platelets were perfiised together, the various heart fiinctions decreased by 

50% to 60%. This study also demonstrated that blocking of P-selectin decreased the 

synergism between the platelets and neutrophils. The possible mechanism of the 

decrease in cardiac function in this experiment includes neutrophil and platelet 

aggregates obstructing the flow of the coronary microvessels. Platelets and neutrophils 

can also release many toxic components, which could then decrease the coronary flow 

and the cardiac contractility (165). Kogaki et al. found that the presence of activated 

platelets increased neutrophil adhesion and migration after hypoxia-reoxygenation and 

that this was inhibited with an anti-P-selectin antibody. They hypothesized that the 

increased neutrophil adhesion and migration via P-selectin resulted in subsequent 

neutrophil activation (153). 
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There is a complex interaction that occurs between platelets and neutrophils. Activated 

platelets act as stimuli for neutrophils, but platelets may also inhibit neutrophil activation. 

On the other hand, neutrophils too may inhibit and activate platelets. This cross talk may 

affect the development of thrombotic and inflammatory diseases (166). Platelets not only 

play a role in hemostasis but also play a role in inflammation via releasing substances 

v^ith physiological potential and by interacting with leukocytes and vascular endothelial 

cells involved in modulation of the inflammatory reaction (167). There are several 

components released by stimulated platelets that induce neutrophil activation and 

chemotaxis. For example, platelet factor 4 increases endothelial ICAM-1 (168), and 

platelet-derived growth factor are chemotatic substances for human neutrophils 

(169,170). Thromboxane A2 (also released from platelets) may enhance neutrophil 

adhesion to the endothelial wall (171). P-selectin, which is responsible for the adhesion 

of platelets to neutrophils, could possibly optimize the signaling between the two cells 

(166). 

Activated neutrophils produce free radicals, which in turn are potent activators of 

platelets. Superoxide anion is a strong platelet aggregant and increases platelet's 

response to thrombin (172,173). Hydrogen peroxide is also a platelet agonist, but is 

weaker (174). Proteolytic enzymes, which are released from activated neutrophils, cause 

the exposure of the active fibrinogen-binding site of the GPIIb/IIIa complex resulting in 

platelet aggregation (175). This evidence of platelet stimulation of neutrophils and 

neutrophil stimulation of platelets suggests a positive feedback loop leading to further 



stimulation and amplification of tissue injury (166). Aziz et al. demonstrated that short 

term incubations of neutrophils with stimulated platelets causes an increase of oxidative 

bursts from the neutrophil (131). 

There is very little investigation of platelet-neutrophil conjugates in diabetic patients. 

Kaplar et al. determined there was a significant increase in the number of monocyte-

platelet aggregates in type 2 diabetics compared to the control group. They also found a 

correlation between elevation of postprandial serum glucose levels and platelet-monocyte 

aggregate formation in type 2 diabetics (176). Another way platelets and leukocytes can 

form conjugates is via the GPIIb/IIIa receptor. The use of abciximab, GPIIb/IIIa 

antagonist, was demonstrated to significantly reduce major cardiac events and target-

vessel revascularization at 6 months among diabetic patients after stenting (177). 

One hypothesis is that platelet aggregation occurring in the atherosclerotic coronary 

arteries may contribute to acute myocardial ischemia. After coronary artery occlusion 

and reperfusion, leukocytes then become activated and release oxygen free radicals and 

proteolytic enzymes. This could then possibly cause endothelial and myocardial injury 

(178). One oxygen free radical, superoxide, causes endothelial injury, which then results 

in increased smooth muscle contraction and decreased endothelium contraction (179). 

The vascular injury from the oxygen free radicals may then cause a decrease of coronary 

blood flow reserve and coronary reactivity after reperfusion (180,181). Possible physical 

obstruction of the microvascular bed by activated leukocytes and decreased neutrophil 
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deformability are possible factors in which leukocytes contribute to vascular injury seen 

in ischemic coronary artery disease (178,182). 

Platelet-neutrophil interaction localizes both cells to the same location and also creates an 

optimal environment for the exchange of mediators and metabolites (141). Binding of 

platelets to leukocytes modulates a variety of leukocyte function including cytokine 

synthesis (183-185), surface expression of adhesion receptors, such as CD11/CD18 

(154,186), and oxidative burst (178). 

The Role of Estrogen in Humoral and Cellular Immune Response 

Females have a stronger humoral and cellular immune response than males. Estrogens 

stimulate the B cell response and in contrast, androgens and progesterone depress it 

(187,188). Jose et al. observed that in ovariectomized female mice there was an 

acceleration of the cartilage breakdown associated with increased production of IL-1 and 

granulomatous tissue in the cartilage. It was demonstrated that treatment with estradiol 

and androgen, but not progesterone, reversed the effects (189). Shirai et al. demonstrated 

in ovariectomized rats that treatment with exogenous ovarian steroids decreased the 

granulomatous inflammatory process in the lungs (190). Lundgren et al. demonstrated 

that estrogen treatment decreased the accumulation of exudates in addition to the number 

of inflammatory cells during the implantation of a foreign object in rats. It was also 

observed that progesterone increased the accvimulation of exudates (191). 
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CYTOKINES 

Cytokines are soluble polypeptides released from cells of the immune system. Pro

inflammatory cytokines such as tumor necrosis factor-alpha (TNF-a), interleukin-1 (IL-

1), and interleukin-6 (IL-6) are major mediators in the induction of the acute phase 

response (119). 

Function of Interleukin-6 

Many vascular cells including endothelial cells, smooth muscle cells, T lymphocytes, 

macrophages/monocytes, fibroblasts, osteoblasts, adipose tissue, and chondrocytes are 

also primarily identified with IL-6 production (192-194). The production of IL-6 by all 

these difference cells can be stimulated by IL-ip and TNF-a (192). Estrogens inhibit IL-

6 secretion from different cell types (195). 

IL-6 has multiple actions, including promotion of acute phase reactants/proteins, 

initiating hematopoiesis in particular B and T lymphocyte differentiation, stimulation of 

fever, and platelet activation (196-201). Nomra et al. observed that IL-6 increased 

activation via P-selection expression and platelet-derived microparticles (196). Studies 

by Oleksowicz et al. demonstrated that with human platelets, IL-6 increased agonist-

induced platelet aggregation, increased a-granule and thromboxane p2 secretion, and 

increased platelet cytoskeletal assembly (202,203). 
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Function of Tumor Necrosis Factor-a 

TNF-a is synthesized by activated macrophages, endothelial cells and the myocardium 

(204). TNF-a exerts its action by influencing energy balance and is associated with 

weight loss, hypermetabolism, and increased resting energy expenditure in infectious or 

malignant diseases (205-207). TNF-a also causes fever, hypotension, acute phase 

protein response, lipoprotein lipase inhibition, and release of stress hormones (193). It is 

also thought that TNF-a increases the transendothelial migration of monocytes and 

promotes the expression of proteolytic enzymes by macrophages and smooth muscle cells 

within the atherosclerotic plaques (208-210). 

TNF-a has a complex relationship with diabetes. TNF-a exerts its action on insulin 

signaling and lipid metabolism and is proposed as the link between obesity and insulin 

resistance and possibly type 2 diabetes (211,212). TNF-a is also involved in beta cell 

damage leading to type 1 diabetes causing insulin resistance (213,214). It was 

demonstrated that incubating muscle cells and adipose cells with TNF-a results in 

significant impairment of insulin action (215). 

Function of Interleukin-1 p 

IL-1 production is increased during acute illness in response to antigen, bacterial toxins, 

or tissue injury. It responds during illness by causing fever, sleep, neutrophil 

leukocytosis, production of acute phase proteins, and endocrine changes (193). 



Receptors of IL-1 induce the release of secondary substances that cause inflammation and 

tissue remodeling. lL-1 stimulates the production of prostaglandins and nitric oxide, both 

of which are highly inflammatory. IL-1 causes production of chemokines that aid the 

entry of neutrophils, macrophages, and lymphocytes into the tissue (216). In a study that 

examined mice in which the gene for IL-1 receptor antagonist was knocked out, it was 

observed that there was a lethal arterial inflammation characterized by transmural 

infiltration of neutrophils, macrophages, and T lymphocytes. The lesions demonstrated 

the effects of IL-1 on endothelial cells and smooth-muscle cells. The authors concluded 

that IL-1 receptor antagonist produced in healthy mice protects them from the effects of 

interleukin-1 (217). 

Cardiovascular Disease and Cytokines 

Cytokine activity is implicated in various aspects of the pathogenesis in cardiovascular 

disease including atherosclerosis (218-220), acute myocardial infarction (221), 

congestive heart failure (222-226), myocarditis (222,224), and allograft rejection (227). 

Cardiovascular disease is characterized by a chronic low-level inflammatory process with 

increased circulating concentrations of pro-inflammatory cytokines (such as IL-6, TNF-

a, IL-1 (3) (133). 

Kanda et al. demonstrated that plasma levels of IL-6 and IL-6R were significantly 

increased in patients after acute myocardial infarctions, but not in patients with angina 

pectoris (228). In another study, after acute myocardial infarctions, Paimitteri et al. 



observed that IL-6 was increased, but there was no significant rise of TNF-a (229). 

Yazdani et al. determined that IL-6 was significantly increased up to two fold in patients 

with unstable angina compared with patients with stable angina. They also found that 

there was no significant difference between the levels of IL-1 in patients with unstable 

angina when compared to patients with stable angina and healthy controls. It was 

determined that one month after percutaneous coronary intervention, there was no 

significant difference of IL-6 between the unstable and stable angina group and healthy 

control (230). 

The pro-inflammatory cytokines TNF-a and IL-ip are implicated in the pathogenesis of 

cardiovascular disease. Cain et al. demonstrated that TNF-a and IL-ip decreased human 

myocardial function in a dose-dependent fashion, separately and synergistically, affecting 

systolic more than diastolic function (231). It was also determined that an elevated level 

of IL-6 was associated with a poorer prognosis in patients with congestive heart failure 

(232). 

Tsutamoto et al. found TNF-a and IL-6 were increased in patients with congestive heart 

failure compared with normal subjects (233). Roig et al. determined that TNF-a and IL-

6 were increased in plasma of patients with heart failure. In patients with idiopathic 

dilated cardiomyopathy, a higher serum IL-6 was associated with lower ejection fraction 

and worse prognosis. The authors hypothesized that IL-6 may contribute to chronic 

myocardial damage and play an important role in disease progression (234). 
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A number of studies reported IL-6 to be increased after CABG, valvular surgery, and 

other cardiac surgery in a number of studies (235-240). Nomura et al. found that levels 

of IL-6 and IL-1 p were elevated preoperatively prior to vascular surgery. TNF-a and IL-

ip levels returned to normal levels 7 days postoperatively, but IL-6 was still increased 

after 7 days (196). Suzuki et al. determined that patients with stable angina pectoris 

undergoing elective coronary angioplasty, IL-6 was significantly increased one and six 

hours after the procedure (3.6 and 4.4-fold, respectively) in patients that later presented 

with restenosis compared to patients that did not have restenosis (241). 

In opposition to prior studies, Woodward et al. determined that plasma IL-6 levels did not 

correlate with major cardiovascular risk factors (except age and smoking) or with 

prevalent cardiovascular disease (242). 

Atherosclerosis and Cytokines 

The pathogenesis of atherosclerosis involves many different cytokines, particularly the 

pro-inflammatory cytokines, IL-6, IL-lp, and TNF-a. Evidence that IL-6 plays an active 

role in cardiovascular disease is demonstrated in a study by Huber et al. This 

investigation injected Apo-E-deficient mice with IL-6 or saline. Fatty streak lesions were 

1.9-5.1 fold larger in the IL-6 treated mice compared to the saline treated mice. This 

demonstrated that exogenously administered IL-6 significantly enhanced fatty lesion 

development in the atherosclerosis-prone, but not in the atherosclerosis-resistant animals. 
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This suggests that IL-6 likely has an active role in the atherosclerosis disease process 

(192). It was determined that there were large quantities of IL-6 found in human 

atherosclerotic plaques, typically in macrophage rich area (243). IL-ip was also 

observed in atherosclerotic lesions (218,219). 

Nicklin et al. examined mice in which the gene for IL-1 receptor antagonist was knocked 

out. It was observed that there was a lethal arterial inflammation characterized by 

transmural infiltration of neutrophils, macrophages, and T lymphocytes. The 

inflammatory nature of the lesions was consistent with the biologic effects of IL-1 on 

endothelial cells and smooth-muscle cells. IL-1 receptor antagonist produced in healthy 

mice protects them from the effects of interleukin-1 (217). 

Diabetes and Cytokines 

It is understood that cytokines play a significant role in diabetes. There is evidence that 

inflammation is an initiating factor in insulin insensitivity and pro-inflammatory 

cytokines are the key linkage between inflammation and insulin insensitivity (211,244-

246). Several studies reported an increase in circulating cytokines in patients with 

diabetes (247,248). This increase in cytokine production could then lead to inappropriate 

metabolic effects causing arteriosclerosis. IL-6 and TNF-a were significantly increased 

in type 2 diabetic patients compared to normal subjects in a study by Pickup et al. The 

diabetic patients were observed to have higher body mass indices, glycated hemoglobin 

percentage (HbAic), and plasma total cholesterol and triglyceride concentration. Five of 
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the twenty diabetic patients in this study had microvascular (including retinopathy and 

nephropathy) and/or macro vascular disease (including myocardial infarction, angina, 

peripheral vascular disease, or stroke) and there was no significant difference in 

comparison to diabetic patients without vascular disease (247). In contrast, Mooradian et 

al. reported that diabetes mellitus was not associated with significant changes in serum 

TNF-a or IL-lp (249). 

Bastard et al. observed obese non-diabetic and diabetic patients with high insulin 

resistance had increased IL-6 and TNF-a in comparison to lean controls. IL-6, not TNF-

a, was found to be proportional to insulin resistance and blood glucose. Thus, severe 

diabetes is associated with increased IL-6. When the obese patients were placed on a 

very low-calorie diet (VLCD) for a three-week period, the IL-6 decreased significantly in 

both adipose tissue and serum. TNF-a, however, was unchanged. They found serum 

concentration of IL-6 and TNF-a were significantly correlated with BMI. The authors 

concluded that the circulating IL-6 possibly reflected adipose tissue production and 

insulin resistance (248). Vozarova et al. also reported that plasma IL-6 relates positively 

to adiposity and negatively to insulin sensitivity (250). A study by Kato et al. determined 

that IL-6 production was positively regulated by hyperglycemia (251). 

TNF-a has a complex relationship with diabetes. TNF-a exerts its action on insulin 

signaling and lipid metabolism by suppressing expression of the insulin sensitive glucose 

transporter GLUT-4, insulin receptor substrate-1 (IRS-1), and insulin receptor 
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(245,252,253). This causes an excessive free fatty acids (FFA) flux from hypertrophied 

insulin-resistant adipocytes (245,252,253). This mechanism demonstrates a possible link 

between TNF-a, obesity, insulin resistance, and type 2 diabetes (211,244-246). It was 

also demonstrated that incubating rat skeletal muscle cells with TNF-a results in 

significant impairment of insulin action (215). 

Estrogens and Androgens and Cytokines 

The observation of the role of estrogens and androgens in the expression of different 

cytokines is evident. Caulin-Glaser et al. investigated whether 17p-estradiol (E2) could 

inhibit cytokine-mediated endothelial cell adhesion molecule transcriptional activation. 

They determined that E2 inhibited IL-1 mediated membrane E-selectin, vascular cell 

adhesion molecule-1 induction, and intercellular adhesion molecule-1 hyperinduction 

(254). Stein et al. attempted to elucidate how estrogen inhibited IL-6. They 

demonstrated that the mechanism of IL-6 gene repression by estrogen is different from 

that of activation of promoters with estrogen receptor binding sites (255). 

Dehydroepiandrosterone (DHEA) is a biologically active adrenal androgen and is a 

predominant source of estrogen in postmenopausal women. DHEA serves as a precursor 

to estrogen. Haden et al. demonstrated that as DHEA decreased, IL-6 increased with age 

(256). Cantatore et al. determined that both IL-1 (3 and IL-6 were significantly increased 

in untreated women with total hysterectomy and oophorectomy, but no increase in IL-1 (5 
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and IL-6 was observed in patients treated with estrogen with or without progesterone or 

in patients that did not have a oophorectomy (257). 

Many studies were performed on the function of estrogen bone formation, but these 

experiments still give us information about the interaction of estrogen and cytokines. IL-

6 is an essential mediator of bone loss and is caused by loss of estrogen. In a study of 

ovariectomized mice, estrogen's inhibition of osteoclast formation is mediated by 

estrogen's direct inhibition of IL-6 gene expression (258). In a study on rodents, 

oophorectomy and orchidectomy resulted in an increased IL-6 production by bone 

marrow stromal cells. They also demonstrated an increase in osteoclastogenesis and a 

decrease in bone density. Administration of estrogens and androgens prevented these 

events (259,260). Animal studies have demonstrated that ovarectomized mice did not 

develop osteoporosis if an antibody to IL-6 was administered (258,261). 

Bellido et al. determined that both testosterone and dihydrotestosterone inhibited IL-6 

production of bone marrow cells. They also determined that orchidectomy in mice 

caused an increase production of osteoclasts in the bone marrow which could be 

prevented by androgen replacement or administration of an IL-6 neutralizing antibody. 

They determined that in IL-6 deficient mice, orchidectomy did not increase the osteoclast 

number. This evidence indicates that IL-6 increases osteoclastogenesis and that male sex 

hormones can inhibit the expression of IL-6 gene (262). 
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Bismar et al. determined that IL-6 secretion is significantly increased in human bone 

marrow after menopause or after discontinuation of estrogen replacement therapy. It also 

determined that IL-ip and TNF-a were higher in patients after menopause or after 

discontinuation of estrogen replacement therapy, but there was not significance (241). In 

opposition to the other data, a study by Kassem et al compared the bone marrow plasma 

and conditioned medium in vitro levels of IL-ip and IL-6 in post-menopausal women on 

estrogen replacement therapy and untreated women and found no significant difference 

between the two groups (263). In conclusion, estrogen decreases cytokine levels, but this 

response has not been investigated in diabetic women. 

SUMMARY 

The objective of this research project is to test the hypothesis that chronic inflammation 

contributes to the severity of cardiovascular disease in diabetic women. Very little is 

known as to why there is a 3.8 fold increased risk of cardiovascular disease in diabetic 

women compared to diabetic men. Of particular interest is the inflammatory response 

and its effect on cardiovascular disease. The inflammatory response complicates 

cardiovascular disease and plays a role in diabetes. It is now known that diabetic men 

exhibit increased inflammation as demonstrated by our lab (264). Since inflammation 

amplifies ischemia-reperfusion injury, it is important to investigate if this complication 

exists in diabetic women. Inflammatory response will be defined as the activation of 

neutrophils, the activation of platelets, the increased interaction between platelets and 

neutrophils and the increased production of cytokines. 
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Aim #1. To investigate the severity of neutrophil and platelet activation in diabetic and 

non-diabetic men and women with cardiovascular disease. 

Aim #2. To investigate neutrophil-platelet conjugates in diabetic and non-diabetic men 

and women with cardiovascular disease. 

Aim #3. To investigate pro-inflammatory cytokines, IL-6, TNF-a, and IL-ip in diabetic 

and non-diabetic women with cardiovascular disease. 

In men with type II diabetes, our lab found that there is an increased neutrophil ROS 

(reactive oxygen species) production, which indicates an increased activity. There are 

also increased platelet-leukocyte interactions, which may further amplify ROS production 

(264). These factors may cause microvascular and organ injury in the setting of 

ischemia-reperfusion in the heart (265). Platelets are known to mediate the activation of 

leukocytes. Our lab found that when the platelet and neutrophil interaction is inhibited, 

ROS production is decreased (266). These experiments were performed in men, but very 

little is known about the cell-mediated inflammatory response in diabetic women. 

Activation of inflammation may be a result of many factors, but one such factor is the 

release of cytokines. It is known that the majority of type II diabetic patients are obese. 

With obesity and the hypertrophy of the adipose cells, there is the release of IL-6. The 

release of IL-6 is increased by IL-ip and TNF-a (244). All of these factors mediate an 

inflammatory response and are expected to be increased in diabetic patients. Examining 

a panel of cytokines, IL-6, IL-1, and TNF, and determining the difference in diabetic 
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versus non-diabetic and female versus male patients may lead to a better understanding as 

to why inflammation is increased in diabetics. This information would initiate the 

development of a model of inflammatory activation in diabetic patients and may lead to 

more effective treatments of the inflammatory response. 



CHAPTER 2. NEUTROPHIL AND PLATELET ACTIVATION IN DIABETIC 

WOMEN AND MEN WITH CARDIOVASCUALR DISEASE 

INTRODUCTION 

Diabetes poses a significant risk factor for cardiovascular disease in both men and 

women, but the incidence of Type 2 diabetes is markedly greater in women (36). It is 

known that diabetic women have a significantly greater risk and severity of 

cardiovascular disease than diabetic men. Diabetic women have an elevated base line 

risk, and have more cardiovascular risk factors than men (48). From the Framingham 

Heart Study, diabetic women have an age-adjusted risk ratio of 3.8 for coronary heart 

disease (CHD) compared to diabetic men. Despite the importance of complicating 

factors in the severity of heart disease in diabetes, little is known about the 

interrelationships of risk factors and cardiovascular disorders in diabetes, particularly in 

women. Of particular interest is the inflammatory response and its effect on 

cardiovascular disease. The inflammatory response complicates cardiovascular disease 

and plays a causative role in diabetes (264). Since inflammation plays a role in diabetes 

and CYD, it is important to investigate this complication in diabetic women and if there 

is a difference between diabetic women and diabetic men or non-diabetic women. 

An enhanced inflammatory response may contribute to the greater recurrence of 

myocardial infarction and ischemic heart failure in diabetes. From recent ischemia-

reperfusion studies, it appears that diabetic rats suffer excessive reperfusion injury 



following ischemia (267). Neutrophils accumulate in the coronary microcirculation 

following ischemia, amplifying reperfusion injury in diabetic rat hearts (265,268). In 

male, diabetic, heart patients it was determined that there is a chronic increase in 

neutrophil ROS (reactive oxygen species) production. Activated platelets and their 

interaction with leukocytes may influence this injury. Diabetic platelets demonstrate 

enhanced aggregation and an increase in coagulation (264). These experiments were 

performed in men, but very little is known about the cell-mediated inflammatory 

response in diabetic women, or how it compares to the inflammatory response of men. 

The aim of this study was to investigate the severity of neutrophil activation and platelet 

activation in diabetic men and diabetic women with CVD. For this purpose, we used 

whole blood samples obtained from diabetic women and diabetic men and analyzed the 

blood using a flow cytometer. We evaluated the expression of CDl lb on neutrophils and 

the ROS production in neutrophils. We also examined the expression of GPIIb/IIIa and 

P-selectin by platelets. We examined all of these components in non-diabetic women 

without cardiovascular disease, non-diabetic women with cardiovascular disease, diabetic 

women without cardiovascular disease, diabetic women with cardiovascular disease, non-

diabetic men with cardiovascular disease, and diabetic men with cardiovascular disease. 

We found that the baseline expression of CDl lb and the baseline production of ROS 

were not statistically different among any of the groups. We found that the baseline 

expression of GPIIb/IIIa was not significantly different among any of the groups, but 

diabetic women with CVD had a greater expression of platelet P-selectin compared to 
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diabetic women without CVD. Platelet activation may contribute to 

thrombosis/inflammation and the greater severity of coronary heart disease observed in 

diabetic women. 

RESEARCH DESIGN AND METHODS 

Subjects 

Four groups of women were studied; non-diabetic women without cardiovascular disease 

(NDW-CVD) (n=24), non-diabetic women with cardiovascular disease (NDW+CVD) 

(n=27), diabetic women without cardiovascular disease (DW-CVD) (n=20), and diabetic 

women with cardiovascular disease (DW+CVD) (n-27). Two groups of men were 

studied; non-diabetic men with cardiovascular disease (NDM+CVD) (n=8) and diabetic 

men with cardiovascular disease (DM+CVD) (n=18). These patients were enrolled from 

the patients attending the Cardiology Clinic at the Veterans Administration Hospital 

(Tucson, AZ) and the Diabetes Clinic at the University of Arizona Medical Center 

(Tucson, AZ). The protocol was approved by the University of Arizona Institutional 

Review Board. Patient's characteristics are summarized in Table 2.1 and their 

medications are summarized in Table 2.2. Fifteen milliliters of blood were drawn in a 

citrate vacutainer from all the patients. The blood was processed immediately to 

minimize any artificial activation. The severity of diabetes was determined by the 

patient's hemoglobin Aic. A subject was considered to have cardiovascular disease if 

they had a previous cardiovascular event (myocardial infarction, CABG (myocardial 



infarction, coronary artery bypass graft (CABG), stroke, percutaneous coronary 

intervention (PCI), or some combination). 

Neutrophil Activation 

Neutrophil activation was determined according to the method of McCarthy and Macey 

(269). In this procedure, leukocytes were identified by gently mixing citrated whole 

blood with an equal volume of a solution containing LDS-751 (Molecular Probes). The 

whole blood/LDS mixture was divided into 250^1 aliquots in round bottom 

polypropylene tubes (Falcon 2052, Becton Dickinson). The expression of CDl lb and the 

intracellular production of ROS were measured. CDl lb adhesion molecule expression 

was measured by incubating saturating concentrations of a FITC (fluorescein 

isothiocyanate)-conjugated antibody against CDl lb (Serotec) with the whole blood/LDS 

mixture for 15 minutes in a 37°C water bath (Precision Instruments). For measurement 

of ROS, aliquots of whole blood/LDS were incubated with the intracellular ROS 

fluorescent probe 2'7' dichlorofluorescein diacetate (DCFH-DA, 80uM, Molecular 

Probes) for 15 minutes in a 37°C water bath. After incubating all samples for 15 minutes, 

some of the blood samples were stimulated with inflammatory mediators PAF [lO'^M] 

(Platelet Activation Factor, a cytokine) and fMLP [lO'^M] (formyl-Methyl-

Leucylphenylalanine, which mimics a bacterial infection) and were incubated for an 

additional 10 minutes at 37°C. After 25 minutes of total incubation, samples were diluted 
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with 4mls of ice-cold PBS (Phosphate-buffered saline), kept on ice, and covered until 

analysis. 

All samples were analyzed by flow cytometry (Becton Dickinson FACScan Clinical 

Flow Cytometer). A 488-nm argon laser light was used for excitation and fluorescence 

emission was detected as forward scatter (FSC), which measures the cell size, and side 

scatter (SSC), which measures cell granularity. The fluorescence emission was detected 

in FLl (FITC Anti-CDl lb or DCF) or FL3 (LDS-751). A threshold fluorescence was set 

on the LDS-751 signal and this allowed event collection from leukocytes without the 

interference from erythrocytes. FSC and SSC were then used to gate the neutrophil 

population of the leukocytes and this allowed data acquisition of only the neutrophils, a 

specific subpopulation of leukocytes. Data was acquired and stored in list-mode and 

5,000 events were collected. The data was analyzed with WinMDI 2.8 Flow Cytometry 

Analysis Software. Data was expressed as total fluorescence intensity (TFI = % of 

positive events x mean channel of fluorescence). 

Platelet Activation 

Platelet function, in the stimulated and unstimulated states, was also determined and the 

protocol for platelet labeling in whole blood was modified from Abrams et al. (270). All 

platelets in whole blood were labeled by a PerCP-conjugated antibody against CD61 

(Becton-Dickinson). CD61 is also known as GPIIIa, a subunit of GPIIb/IIIa, and is 
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expressed in the resting and activated conditions of the platelet. To determine the 

activation of the platelets, two markers were used; P-selectin and the activated form of 

GPIIb/IIIa. The P-selectin receptor was measured with a PE (phycoerythrin)-conjugated 

antibody against CD62P (Becton-Dickinson). The GPIIb/IIIa receptor was measured 

with a FITC-conjugated antibody against PAC-1 (GPIIb/IIIa) (Becton-Dickinson). All 

antibodies were used at a concentration of 20|il undiluted antibody/10^ platelets. For all 

measurements, whole blood aliquots of 5|al were incubated with 20|j,l of PerCP-

conjugated anti-CD61 monoclonal antibody (mAB) in polystyrene round bottom tubes 

(Falcon 2052, Becton Dickinson). To test for expression of P-selectin and GPIIb/IIIa, 

20|.il of the respective antibodies were added to tubes in addition to 5)^1 of the samples. 

To examine the expression of these antibodies under stimulation, 450|al of whole blood 

was combined with 50^1 of PAF (10' M, Sigma) and incubated for two minutes. Five 

micro-liters of the stimulated blood were added to respective tubes and all samples were 

covered with aluminum foil and incubated for 20 minutes at room temperature. Ice-cold 

1% paraformaldehyde (pH 7.4, Sigma) was then added to each tube and they were kept 

covered on ice until analysis. 

Measurements of platelet P-selectin and GPIIb/IIIa were made using flow cytometry 

(Becton Dickinson FACScan Clinical Flow Cytometer). A 488-nm argon laser light was 

used for excitation and the fluorescence emission detected in FLl (FITC PAC-1), FL2 

(PE Anti-CD62P), and FL3 (PerCP Anti-GPIIIa). In order to identify only the platelets in 

the whole blood samples, a threshold was set on FL3 to include only those events that 
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stained positive for PerCP anti-CD61. This allows one to examine platelets in a whole 

blood solution without having to separate out the other types of cells. The total number 

of platelets acquired from each blood sample was 5,000 events and the data was stored in 

list mode. The data was analyzed with WinMDI 2.8 Flow Cytometry Analysis Software. 

Data was expressed as total fluorescence intensity (TFI = % of positive events x mean 

channel of fluorescence). 

Data Analysis 

Data was collected in notebooks and transferred to a Computer Spreadsheet Format 

(Excel for Windows). The summary results are represented as mean + standard error of 

the mean (SEM). Comparisons among the four groups were made with an ANOVA 

(Sigma-Stat 3.0). A Dunn's and Holm-Sidak Post hoc test was performed (Sigma-Stat 

3.0). A Chi squared test was performed to determine if the percentages in table 2.1 and 

2.2 were significantly related (Sigma-Stat 3.0). P < 0.05 was considered as statistically 

significant. 

RESULTS 

Patient Characteristics 

Table 2.1 summarizes the characteristics of the six groups of women and men studied. 

There was a significant difference of age in the NDW+CVD and DW+CVD groups 

compared to the NDW-CVD and DW-CVD groups (p<0.05). There was also a 

significant difference in body mass index (BMI) of the NDW+CVD group compared to 
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DW-CVD group (p<0.05) and DW-CVD group compared to NDW-CVD group (p<0.05). 

There was no significant difference in the dxiration of diabetes among the three diabetic 

groups. The glycated hemoglobin (HbAic) was significantly greater in DW-CVD and 

DW+CVD compared to NDW-CVD (p<0.05). The glycated hemoglobin (HbAic) was 

also significantly greater in DW-CVD compared to NDW+CVD and DW+CVD 

compared to NDW+CVD (p<0.05). There was a significant difference in hypertension 

and hypercholesteremia among the groups. There were no significant differences in 

smoking among any of the groups. The various drug therapies that the patients were 

receiving are summarized in Table 2.2. There was no significant difference in the 

percentages of women taking HRT among any of the groups. There was no significant 

difference in the percentages of women taking HRT or statins among any of the groups. 

There was a significant difference in the percentages of women taking beta blockers, 

diuretics, nitrates, ACE inhibitors, antioxidants, aspirin, and hypoglycemic agents. 

Neutrophil Activation-CDllb Expression 

Neutrophil activation was defined as expression of CDl lb adhesion molecule. Figure 2.2 

reports the neutrophil activation measured in diabetic and non-diabetic women with and 

without cardiovascular disease. There was no significant difference of the baseline 

expression of CD lib among the groups of women, indicating no chronic effects of 

diabetes. To test the response of the blood to an acute stimulus, we tested the reaction to 

fMLP and PAF. After stimulation with fMLP and PAF there was a marked increased in 

CD lib expression. There was also no significant difference of expression of CDl lb 
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after stimulation with fMLP among the groups of women. After the blood was 

stimulated with PAF, non-diabetic women with CVD and diabetic women with CVD had 

significantly lower expression of CDllb in comparison to non-diabetic women without 

CVD (P<0.05). Figure 2.3 reports the neutrophil activation measured in diabetic and 

non-diabetic men and women with cardiovascular disease. There was no significant 

difference of the baseline expression of CDllb among the groups of women and men. 

There was also no significant difference of expression of CDllb after stimulation with 

fMLP or PAF among the groups of women and men. 

Neutrophil Reactivity to Acute Stimulation-CDllb Expression 

As an indicator of the reactivity to acute stimulation, we calculated the ratio of PAF 

stimulated to unstimulated expression of CDllb. Figure 2.4 reports the neutrophil 

reactivity to acute stimulation (fMLP or PAF) measured in diabetic and non-diabetic 

women with and without cardiovascular disease. There was no significance difference of 

the neutrophil reactivity of CDl lb expression with flVILP and PAF among the groups of 

women. Figure 2.5 reports the neutrophil reactivity to acute stimulation (fMLP or PAF) 

measured in diabetic and non-diabetic men and women with cardiovascular disease. 

There was no significance difference of the neutrophil reactivity of CDllb expression 

with fMLP and PAF among the groups of women and men. 



Neutrophil Activation-ROS Production 

Neutrophil activation was defined as the production of ROS. The chronic effects of 

diabetes and cardiovascular disease are represented in the unstimulated values. The acute 

response to stimulus was measured after stimulation with fMLP and FAF. Figure 2.6 

reports the ROS production measured in diabetic and non-diabetic women with and 

without cardiovascular disease. There was no significance difference of the baseline 

production of ROS among the groups of women. There was also no significance 

difference of production of ROS after stimulation with fMLP among the groups of 

women. After the blood was stimulated with PAP, non-diabetic women with CVD had 

significantly lower production of ROS in comparison to non-diabetic women without 

CVD (P<0.05). Figure 2.7 reports the ROS production measured in diabetic and non-

diabetic men and women with cardiovascular disease. There was no significance 

difference of the baseline production of ROS among the groups of women and men. 

There was also no significance difference of production of ROS after stimulation with 

fMLP or PAF among the groups of women and men. 

Neutrophil Reactivity to Acute Stimulation -ROS Production 

As an indicator of the reactivity to acute stimulation, we calculated the ratio of PAF 

stimulated to unstimulated production of ROS. Figure 2.8 reports the neutrophil 

reactivity to acute stimulation (fMLP or PAF) measured in diabetic and non-diabetic 

women with and without cardiovascular disease. The neutrophil reactivity of ROS 

production (with fMLP or PAF) was significantly lower in non-diabetic women with 
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CVD and diabetic women with CVD in comparison to non-diabetic women without CVD 

(P<0.05). Figure 2.9 reports the neutrophil reactivity to acute stimulation (fMLP or PAF) 

measured in diabetic and non-diabetic men and women with cardiovascular disease. 

There was no significance difference of the neutrophil reactivity of ROS production (with 

fMLP or PAF) among the groups of women and men. 

Platelet Activation-GPIIb/IIIa Expression 

Platelet activation was defined as expression of GPIIb/IIIa adhesion molecule. The 

chronic effects of diabetes and cardiovascular disease are represented in the unstimulated 

values. The acute response to stimulus was measured after stimulation with PAF. Figure 

2.10 reports the GPIIb/IIIa expression measured in diabetic and non-diabetic women with 

and without cardiovascular disease. There was no significant difference of the baseline 

expression of GPIIb/IIIa and expression of GPIIb/IIIa after stimulation with PAF among 

the groups of women. Figure 2.11 reports the GPIIb/IIIa expression measured in diabetic 

and non-diabetic men and women with cardiovascular disease. There was no significant 

difference of the baseline expression of GPIIb/IIIa among the groups of women and men. 

There was significantly lower expression of GPIIb/IIIa after stimulation with PAF in non-

diabetic women with CVD in comparison to diabetic men with CVD (P<0.05). 

Platelet Activation-P-selectin Expression 

Platelet activation was defined as expression of P-selectin. The chronic effects of 

diabetes and cardiovascular disease are represented in the unstimulated values. The acute 



response to stimulus was measured after stimulation with PAF. Figure 2.12 reports the P-

selectin expression measured in diabetic and non-diabetic women with and without 

cardiovascular disease. Diabetic women with CVD had significantly increased baseline 

expression of P-selectin in comparison diabetic women without CVD (P<0.05). There 

was no significant difference of P-selectin expression after stimulation with PAF among 

the groups of women. Figure 2.13 reports the P-selectin expression measured in diabetic 

and non-diabetic men and women with cardiovascular disease. There was no significant 

difference of the baseline expression of P-selectin and expression of P-selectin after 

stimulation with PAF among the groups of women and men. 

Platelet Reactivity to Acute Stimulation 

As an indicator of the reactivity to acute stimulation, we calculated the ratio of PAF 

stimulated to unstimulated expression of GPIIb/IIIa and P-selectin. Figure 2.14 reports 

the platelet reactivity to acute stimulation (with PAF) measured in diabetic and non-

diabetic women with and without cardiovascular disease. The platelet reactivity of 

GPIIb/IIIa expression with PAF was significantly lower in diabetic women with CVD in 

comparison to diabetic women without CVD (P<0.05). The platelet reactivity of P-

selectin expression with PAF was significantly lower in diabetic women with CVD in 

comparison to diabetic women without CVD (P<0.05). Figure 2.15 reports the platelet 

reactivity to acute stimulation (with PAF) measured in diabetic and non-diabetic men and 

women with cardiovascular disease. There was no significance difference of the platelet 

reactivity of GPIIb/IIIa or P-selectin among the groups of women and men. 
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DISCUSSION 

Coronary heart disease (CHD) and stroke are the leading killers of women in the United 

States. One in two women will eventually die of heart disease or stroke. Several reports 

document that women with CHD have a worse prognosis for men with CHD. This might 

indicate an increased severity of illness at presentation (12,32). Diabetes mellitus is an 

even stronger risk factor for CHD in women than in men. Diabetes is associated with 

three to sevenfold elevation in CHD risk among women compared with a two to threefold 

elevation among men (34). Another report indicated that the prevalence rate ratio for 

CHD in individuals with type 2 diabetes was 4.6 in women compared to 1.8 in men (35). 

There must be some difference in pathogenesis of cardiovascular disease in diabetes to 

explain the marked discrepancy observed in diabetic men versus diabetic women and 

diabetic women versus non-diabetic women. 

Inflammation is now considered a primary cardiovascular risk factor and a recent study 

of predictors of cardiovascular risk ranks markers of inflammation, such as C-reactive 

protein, as comparable to plasma cholesterol (101,102). It is known that inflammation 

mediates the formation of atherosclerotic plaques, the major cause of cardiovascular 

dysfiinction. Inflammation is associated with diabetes. A study by Vozarova et al. 

reported that a high white blood cell (WBC) coimt predicts the development of type 2 

diabetes and a decrease of insulin action in Pima Indians. The authors hypothesize that a 

chronic activation of the immune system may play a role in the pathogenesis of type 2 
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diabetes (105). Studies by Thorand et al. and Barzilay et al. also found that low-grade 

inflammation (in particular elevated C-reactive protein) was predictive of an increased 

risk of type 2 diabetes mellitus in middle-aged men and the elderly (106,107). Hayden et 

al. hypothesized that type 2 diabetes mellitus is a vascular disease (atherosclerosis) and 

that NOS, NO, and redox stress, components of inflammation, play a causative role in 

type 2 diabetes, in turn causing atherosclerosis (104). Biondi-Zoccai et al. reviews the 

role of inflammation in diabetes and atherothrombosis. They state diabetic have 

increased dyslipidemic abnormalities, increased oxidative stress, and increased 

prothrombotic abnormalities, all contributing to increased atherosclerosis and 

atherothrombosis (103). 

An enhanced inflammatory response may contribute to the greater recurrence of 

myocardial infarction and ischemic heart failure in diabetes. We hypothesized that 

platelet and neutrophil activation, both components of inflammation, are increased in 

diabetic patients, particularly diabetic women. We examined two markers of neutrophil 

act ivat ion,  ROS product ion and the expression of  the adhesion molecule  CDllb.  We 

found no significant difference in the baseline expression of CDl lb in any of the groups. 

However, when the blood was stimulated with PAF, women with CVD, regardless of 

there diabetic status had significantly lower expression of CDllb in comparison to the 

healthy age-matched control women. This indicates a possible blunting of the 

inflammatory response to a stimulus. When examining the ROS production, again there 

was no significant difference in the baseline expression of ROS among any of the groups. 



When the blood was stimulated with PAF or fMLP, women with CVD regardless of their 

diabetic status, had significantly lower stimulation ratio of the production of ROS in 

comparison to the healthy age-matched controls. These results also support the 

possibility of blunting of the inflammatory response to a stimulus in women with CVD. 

In addition to examining neutrophil activation, we also examined platelet activation. We 

examined two markers of platelet activation; the expression of the P-selectin and 

GPIIb/IIIa receptors. We found no significant difference in the baseline expression of 

GPIIb/IIIa among any of the groups, but when examining P-selectin, we found the 

expression of P-selectin to be significantly higher in diabetic women with CVD in 

comparison to diabetic women without cardiovascular disease. We did not find any 

differences of the expression of GPIIb/IIIa or P-selectin when comparing women to men. 

Atherosclerosis in Diabetes 

The luminal endothelial cell layer separates circulating factors and blood cells from the 

arterial wall. It also functions as a anticoagulant and fibrinolytic surface (109). Factors 

which are commonly increased in diabetes, like glucose, free fatty acids, lipoproteins, and 

derivatives of glycation and oxidation, can all damage endothelial cells (110). In the 

atherogenic process, the adhesion of leukocytes to the vascular endothelium involves 

many adhesion molecules (vascular adhesion molecule-1, VCAM-1, intercellular 

adhesion molecule-1, ICAM-1, E-selectin, and P-selectin), which are increased in people 

with diabetes (111-113). These adhesion molecules aid the migration of circulating 



monocytes into the arterial intima. There they undergo differentiation and activation 

resulting in a fatty streak. Endothelial cells and macrophages both produce cytokines and 

growth factors that cause smooth muscle cells to migrate from the media to the intima 

where they proliferate and form a fibrous cap. Then cell death occurs which results in a 

large lipid core with necrotic tissue, macrophages, and a thin fibrous cap, which can 

result in a plaque rupture. There is some evidence that there is an increased amount of 

macrophages in the atherosclerotic lesions of diabetic patients, possibly due to an 

increased recruitment of macrophages into the vessel wall by the higher levels of 

cytokines (109). 

Hyperglycemia adds another complicating factor to atherosclerosis. Hyperglycemia 

causes an increase of oxidative stress, decrease of nitric oxide, which then leads to 

apoptosis and impaired function of the endothelium. Hyperglycemia causes glycation of 

most molecules in the arterial wall, which produces AGEs (advanced glycation end 

products). Complexes are then formed and irreversible substances that are highly 

injurious to the integrity and function of the vessel walls. AGEs can cause injury via 

three pathways; AGE cross-bridges formed between macromolecules, AGE accumulation 

into the vessel wall via trapping blood components, or by disrupting the cell function that 

involve receptor and non-receptor pathways. The vasculature is then fiill of these 

pathogenic substances that in turn activate local inflammation and hypertrophy. Resting 

T lymphocytes (CD4, CDS) have AGE receptors constitutively expressed and there 

activation in the vessel wall may also trigger a low-grade inflammation (109). 
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Neutrophil Activation in Diabetes 

Neutrophils are one of the main types of inflammatory cells and once activated they 

release reactive oxygen species, including hydrogen peroxide, contributing to endothelial 

damage and cardiovascular disease (117,118). Neutrophils are also known to release 

cytokines (119). A study by Okouchi et al. determined that hyperinsulinemia increased 

neutrophil transendothelial migration in a dose-dependent response and this could then 

possibly accelerate atherosclerosis (120). In a study by Salas et al., it was determined 

that in ischemia-reperfusion in diabetic rats, there was a significantly larger amount of 

leukocyte adhesion and migration (121). Studies have demonstrated that hyperglycemia 

and AGEs decrease neutrophil function, possibly contributing to the dysfunctional host 

defense in diabetic patients (122,123). 

Both ROS production and the expression of GDI lb are linked to diabetes and CVD. 

ROS is produced when neutrophils are activated. A study by Wong et al. determined that 

AGEs caused a dose-dependent increase of the neutrophil respiratory burst in response to 

a secondary mechanical stimulus (124). A study by Mohanty et al. demonstrated that 

glucose stimulated ROS generation by neutrophils (125). Yasunari et al. determined that 

monocytes and neutrophil oxidative stress was increased in patients with both 

hypertension and diabetes. They also determined that there was a significant correlation 

between neutrophil oxidative stress and HbAic (126). We found that the baseline 

production of ROS was not different among any of the groups. When the blood samples 
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were stimulated with fMLP and PAF, the ROS production was increased. When the 

blood was stimulated with PAF, non-diabetic women with CVD had significantly lower 

production of ROS in comparison to the healthy age-matched control women. Diabetic 

women with CVD had a trend of increased production of ROS in comparison to the 

healthy age-matched controls. The neutrophil reactivity of ROS to acute stimulation 

(fMLP and PAF) was significantly decreased in non-diabetic and diabetic women with 

CVD. This indicates a blunting of the production of ROS in women with cardiovascular 

disease in comparison to women without cardiovascular disease. 

The expression of CD lib is increased during neutrophil and monocyte activation. 

Sampson et al. determined that acute glycemic caused an increase in monocyte Mac-1 

(CDlib) expression in type 2 diabetic patients, but there was no significant change in 

neutrophil expression of Mac-1 after the glucose load (127). Hu et al. demonstrated that 

at clinical concentrations of insulin, leukocyte CD lib expression is increased, but 

leukocyte respiratory bursts are decreased (128). We found that the baseline expression 

of CDllb was not different among any of the groups. When the blood samples were 

stimulated with IMLP and PAF, the CDllb expression was increased. In women with 

CVD, when the blood was stimulated with PAF, regardless of their diabetic status had 

significantly lower expression of CDllb in comparison to the healthy age-matched 

control women. The response of CDl lb expression and ROS production to PAF possibly 

indicates a blunting of the infiammatory response to a stimulus in women with 

cardiovascular disease. 
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Platelet Activation in Diabetes 

Platelets are a known component of the inflammatory response. It is known that platelets 

are the source of various inflammatory mediators including thromboxane A2 and P-

selection (129,130). These inflammatory mediators then can upregulate the complement 

system and cytokines (131,132). Activated platelets adhere to the endothelium and 

induce inflammatory responses of the endothelium, which in turn contributes to the early 

steps of arteriosclerosis (133,134). 

Platelet adhesion and platelet aggregation are increased in diabetes mellitus. Platelet 

reactivity was suggested as a potential mechanism of the accelerated atherosclerosis and 

increased incidence of thrombosis observed in diabetes (135,136). Gresele et al. 

determined that acute, short-term hyperglycemia caused an increased activation of 

platelets exposed to high shear stress. They hypothesized that hyperglycemia in type 2 

diabetes mellitus may cause vascular occlusions via platelet activation (137). Davi et al. 

demonstrated that in type 2 diabetes there is an increase platelet in vivo thromboxane 

production. Thromboxane may then mediate the increased fibrinogen binding and 

aggregation of platelets in patients with diabetes (29). Endler et al. determined that an 

increased mean platelet volume, which is an indicator of more reactive platelets, places 

patients with coronary artery disease at an increased risk of myocardial infarction (30). 

Lefer et al. examined the effects of neutrophils and platelets separately and together in 

causing cardiac dysfunction in perfused rat hearts after ischemia and reperfusion (I/R). It 



was demonstrated that I/R hearts perfused with neutrophils or platelets alone exhibited a 

decreased of 10% to 12% of heart functions and when neutrophils and platelets were 

perfused together, the various heart functions decreased by 50% to 60%, suggesting 

platelet-neutrophil interactions may amplify the neutrophil-mediated I/R injury (165). 

In this study, we examined two components of platelet activation; the expression of 

GPllb/IlIa and the expression of P-selectin. Platelet P-selectin and GPlIb/IIIa adhesion 

proteins are expressed on the surface of activated platelets and mediate platelet-platelet 

and platelet-leukocyte interactions. Various GPIIb/IIIa inhibitors are an area of active 

research in preventing complications linked to percutaneous coronary intervention. 

Various studies have demonstrated that administration of a glycoprotein Ilb/lIIa 

antagonism is effective to prevent ischemic complication of percutaneous coronary 

intervention in women and diabetic patients, results comparable to that of there male 

counterparts (138-140). We found the baseline expression of GPIIb/IIIa was not 

significantly different among any of the groups, but we did find a trend for the GPIIb/IIIa 

expression to be increased in diabetic women with CVD. We also measured the 

expression of GPIIb/IIIa after stimulating the blood with PAF. Among the groups of 

women, there was no significant difference of the expression of GPIIb/IIIa after 

stimulation with PAF. 

P-selectin is also demonstrated to play an active role in cardiovascular disease and 

diabetes. The primary interaction between platelets and leukocytes is via the P-selectin 
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receptor on the platelets and the P-selectin glycoprotein ligand-1 (PSGL-1) on leukocytes 

(141-146). Nomura et al. determined that platelet P-selectin expression was increased in 

diabetic patients (147). Zhou et al. determined that administration of a P-selectin 

antagonist decreased the accumulation of leukocytes and decreased neointimal formation 

after balloon injury in diabetic rats (148). We measured the baseline expression of P-

selectin and found diabetic women with cardiovascular disease to have a significantly 

increased expression of P-selectin in comparison to diabetic women without 

cardiovascular disease. The blood was also stimulated with PAF and the expression of P-

selectin did increase, but there was no statistical significance among the groups. 

The population of women and men in this study have different demographics and are on 

different medications. There was a significant increase in the age of the women with 

cardiovascular disease in comparison to women without cardiovascular. This increase of 

age could be responsible for the blunting of GDI lb expression and ROS production after 

simulation with PAF that was observed in the groups of women with cardiovascular 

disease. Another influence on the blunting effect that was observed could be the different 

medications that the patients were on. Overall, patients with cardiovascular disease are 

on more medications than patients that do not have cardiovascular disease. In particular, 

there are a higher percentage of women with CVD on aspirin. Statins are known to 

reduce inflammation via decreasing concentrations of C-reactive protein and upregulating 

endothelial nitric oxide synthase (271,272). We found that the proportions of patient on 

statins are not significantly different among groups, making statins less likely to 
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influence the results. We did find that when separating the patients on statins from the 

patients not on statins, diabetic women with CVD not on statins did have a significantly 

higher ROS production and P-selectin expression compared to those on statins. We also 

found diabet ic  men with CVD not  on stat ins  did have a  signif icant ly  higher  CDllb 

expression compared to those on statins. 

Conclusion 

Diabetic patients have an increased risk of cardiovascular disease; which is much more 

severe in diabetic women than men. Little is know why there are these extreme 

differences observed between diabetic men versus diabetic women and diabetic women 

versus non-diabetic women. One of the links between diabetes and cardiovascular 

disease is inflammation. We hypothesized that neutrophil and platelet activation is 

increased in diabetic women with cardiovascular disease compared to non-diabetic 

women with cardiovascular disease and diabetic men with cardiovascular disease. 

In this study, we examined some components of inflammation, platelet and neutrophil 

activation, in six groups of diabetic and non-diabetic patients with and without 

cardiovascular disease. We did not find neutrophil activation to be increased in diabetic 

women compared to diabetic men, nor did we find neutrophil activation to be increased 

in diabetic women compared to non-diabetic women. An increased CDllb expression 

would contribute to greater neutrophil adhesion in cardiac vessels in the diabetic heart 

following ischemia and reperfusion. Once the neutrophils have adhered to the vessel. 
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they may contribute to microvascular damage and cardiac dysfunction through the release 

of reactive oxygen species. 

We did find platelet expression of P-selectin to be increased in diabetic women with 

CVD compared to diabetic women without CVD. In addition, there was a trend for the 

GPIIb/IIIa to be increased in diabetic women with CVD. Excessive platelet activation in 

diabetes may contribute to the pathogenesis of thrombosis-induced ischemic events. 

Platelet-leukocyte adhesion (via P-selectin) may serve to recruit neutrophils and 

monocytes to sites of cardiovascular damage and thus promote the inflammatory 

response. Binding could cause neutrophil activation resulting in increased free radical 

production. Increased activation of platelet GPIIb/IIIa may contribute to excessive 

platelet aggregation and thrombus formation, which can lead to increased occurrence of 

thromboembolic events in diabetic patient. Significantly increased platelet activation 

may explain hypercoagulability and increased incidence of thromboembolism in diabetes. 

An increase in platelet and neutrophil activation in diabetic patients could contribute to 

the more severe cardiovascular disease in diabetic patients, particularly women. These 

results did not elucidate any differences between men and women, but we did find 

platelet activation increased in diabetic women with cardiovascular disease. The reasons 

men and women have different severity of cardiovascular disease in the presence of 

diabetes lies in another aspect of the disease, possibly another component of 

inflammation. An enhanced inflammatory response (via platelet activation) may 



contribute to the greater recurrence of myocardial infarction, thromboembolic events, and 

ischemic-reperfusion injury in diabetes women compared to non-diabetic women. 
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Table 2.1. Demographics of the women and men. 

Patient Characteristics NDW-CVD tn=24) NDW+CVD rn=27) DW-CVD (n=20) DW+CVD (n=27) NDM+CVD tn=8> DM+CVD tn=18) 

Age (years) 58.5 ± 1.7 66.7 + 2.4* ** 55.7 ±2.6 66.0 ±2.0* ** 63.8 ±3.4 64.9 ± 2.5 

Body Mass Index (kg/m^) 26.8 ± 1.0 28.7 ± 1.4** 36.9 ±1.8* 29.8 ± 1.3 28.2 ±1.3 29.2 ± 1.0 

Duration of Diabetes (years) N/A N/A 9.2 ± 1.5 13.6 ±2.8 N/A 14.5 ±3.4 

HbAlc (%) 5.4 ±0.1 5.2 ±0.2** 8.2 ± 0.4* 6.9 ±0.3* *** 5.9 ±0.4 7.4 ± 0.4 

Hypertension (%)v|/ 8% 74% 55% 70% 50% 83% 

Hypercholesteremia (%)vj/ 25% 67% 53% 70% 100% 56% 

Current Smoker (%) 0% 19% 10% 15% 38% 22% 

Prior Cardiovascular Events (%) 

Myocardial Infarction v|/ 0% 56% 0% 63% 63% 73% 

Strokev]/ 0% 15% 0% 19% 38% 17% 

PTCAvj/ 0% 19% 0% 33% 25% 75% 

CABGv 0% 19% 0% 26% 75% 33% 

*P<0.05 compared to NDW-CVD group 
**P<0.05 compared to DW-CVD group 
***P<0.05 compared to NDW+CVD group 
vjyThe proportions are significantly related (P<0,05) 



Table 2.2. Distribution of medications in women and men. 

Medication (Vo) NDW-CVD fn=24) NDW+CVD fn=27) DW-CVD (n=20) 

Beta Blockersv|/ 0% 50% 10% 

Diureticsv;/ 4% 25% 10% 

Nitrates (|/ 4% 15% 0% 

ACE Inhibitorsv); 4% 25% 65% 

Positive Intropes 0% 5% 5% 

Ca^^ Channel Blockersv|/ 0% 15% 10% 

Aspirin*}/ 21% 55% 25% 

Anti-coagulants 0% 15% 10% 

Antioxidants*!; 50% 25% 10% 

Hypoglycemic Agents v 0% 0% 65% 

Statins 12% 29% 25% 

HRT 50% 70% 55% 

vj/The proportions are significantly related (P<0.05) 
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Figure 2.1. Representative FACS plots to assess neutrophil activation in a diabetic 

woman with cardiovascular disease. (A) Unstimulated blood (TFI: 46.4). (B) 

Stimulated blood with fMLP (TFI: 205.6). 
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Figure 2.2. Summary of neutrophil CD lib expression for women in the study. 

Measurement of CDllb expression in unstimulated blood, CD lib expression after 

stimulation with fMLP, and CDl lb expression after stimulation with PAF. Comparison 

of non-diabetic women without cardiovascular disease (NDW-CVD) versus non-diabetic 

women with cardiovascular disease (NDW+CVD) versus diabetic women without 

cardiovascular disease (DW-CVD) versus diabetic women with cardiovascular disease 

(DW+CVD). CDllb expression after stimulation with PAF was significantly lower in 

NDW+CVD and DW+CVD in comparison to NDW-CVD (P<0.05). 
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Figure 2.3. Summary of neutrophil CDl lb expression for women and men in the study. 

Comparison of non-diabetic men with cardiovascular disease (NDM+CVD) versus non-

diabetic women with cardiovascular disease (NDW+CVD) versus diabetic men with 

cardiovascular disease (DM+CVD) versus diabetic women with cardiovascular disease 

(DW+CVD). There is no significant difference within the treatment groups. 
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Figure 2.4. Summary of neutrophil reactivity of CDl lb to acute stimulation (with fMLP 

and PAF) for women in the study. Comparison of non-diabetic women without 

cardiovascular disease (NDW-CVD) versus non-diabetic women with cardiovascular 

disease (NDW+CVD) versus diabetic women without cardiovascular disease (DW-CVD) 

versus diabetic women with cardiovascular disease (DW+CVD). There is no significant 

difference among any of the groups. 
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Figure 2.5. Summary of neutrophil reactivity of CDl lb to acute stimulation (with fMLP 

and PAF) for women and men in the study. Comparison of non-diabetic men with 

cardiovascular disease (NDM+CVD) versus non-diabetic women with cardiovascular 

disease (NDW+CVD) versus diabetic men with cardiovascular disease (DM+CVD) 

versus diabetic women with cardiovascular disease (DW+CVD). There is no significant 

difference among any of the groups. 
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Figure 2.6. Summary of neutrophil ROS production for women in the study. 

Measurement of ROS production in unstimulated blood, ROS production after 

stimulation with fMLP, and ROS production after stimulation with PAF. Comparison of 

non-diabetic women without cardiovascular disease (NDW-CVD) versus non-diabetic 

women with cardiovascular disease (NDW+CVD) versus diabetic women without 

cardiovascular disease (DW-CVD) versus diabetic women with cardiovascular disease 

(DW+CVD). DCF expression after stimulation with PAF was significantly lower in 

NDW+CVD in comparison to NDW-CVD (P<0.05). 
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Figure 2.7. Summary of neutrophil ROS production for women and men in the study. 

Comparison of non-diabetic men with cardiovascular disease (NDM+CVD) versus non-

diabetic women with cardiovascular disease (NDW+CVD) versus diabetic men with 

cardiovascular disease (DM+CVD) versus diabetic women with cardiovascular disease 

(DW+CVD). There is no significant difference within the treatment groups. 



85 

3.0 NDW-CVD (23) 
NDW+CVD (22) 

mm DW-cvD (20) 
r771 DW-CVD (25) 

>< re 

stimulation with fllALP 

*P<0.05 compared to NDW-CVD group 

Stimuiation with PAF 

Figure 2.8. Summary of neutrophil reactivity of ROS to acute stimulation (with fMLP 

and PAF) for women in the study. Comparison of non-diabetic women without 

cardiovascular disease (NDW-CVD) versus non-diabetic women with cardiovascular 

disease (NDW+CVD) versus diabetic women without cardiovascular disease (DW-CVD) 

versus diabetic women with cardiovascular disease (DW+CVD). The stimulation ratio 

with fMLP was significantly lower in NDW+CVD and DW+CVD in comparison to 

NDW-CVD (P<0.05). The stimulation ratio with PAF was significantly lower in 

NDW+CVD and DW+CVD in comparison to NDW-CVD (P<0.05). 



86 

NDM+CVD (8) 

mum NDW+CVD (22) 

^•1 DM+CVD(18) 

^VTI DW+CVD (25) 

Stimulation with fIVILP Stimulation with PAF 

Figure 2.9. Summary of neutrophil reactivity of ROS to acute stimulation (with fMLP 

and PAF) for women and men in the study. Comparison of non-diabetic men with 

cardiovascular disease (NDM+CVD) versus non-diabetic women with cardiovascular 

disease (NDW+CVD) versus diabetic men with cardiovascular disease (DM+CVD) 

versus diabetic women with cardiovascular disease (DW+CVD). There is no significant 

difference among any of the groups. 
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Figure 2.10. Summary of platelet GPIIb/IIIa for women in the study. Measurement of 

GPIIb/IIIa expression in unstimulated blood and GPIIb/IIIa expression after stimulation 

with PAF. Comparison of non-diabetic women without cardiovascular disease (NDW-

CVD) versus non-diabetic women with cardiovascular disease (NDW+CVD) versus 

diabetic women without cardiovascular disease (DW-CVD) versus diabetic women with 

cardiovascular disease (DW+CVD). There is no significant difference among any of the 

groups. 
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Figure 2.11. Summary of platelet GPIIb/IIIa for women and men in the study. 

Comparison of non-diabetic men with cardiovascular disease (NDM+CVD) versus non-

diabetic women with cardiovascular disease (NDW+CVD) versus diabetic men with 

cardiovascular disease (DM+CVD) versus diabetic women with cardiovascular disease 

(DW+CVD). The GPIIb/IIIa expression after stimulation with PAF was significantly 

lower in NDW+CVD in comparison to DM+CVD (P<0.05). 
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Figure 2.12. Summary of platelet P-selectin for women in the study. Measurement of P-

selectin expression in unstimulated blood and P-selectin expression after stimulation with 

PAF. (A) Comparison of non-diabetic women without cardiovascular disease (NDW-

CVD) versus non-diabetic women with cardiovascular disease (NDW+CVD) versus 

diabetic women without cardiovascular disease (DW-CVD) versus diabetic women with 

cardiovascular disease (DW+CVD). The P-selectin expression in unstimulated blood 

was significantly higher in DW+CVD in comparison to DW-CVD (P<0.05). 
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Figure 2.13. Summary of platelet P-selectin for women and men in the study. 

Comparison of non-diabetic men with cardiovascular disease (NDM+CVD) versus non-

diabetic women with cardiovascular disease (NDW+CVD) versus diabetic men with 

cardiovascular disease (DM+CVD) versus diabetic women with cardiovascular disease 

(DW+CVD). There is no significant difference among any of the groups. 
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Figure 2.14. Summary of platelet reactivity to acute stimulation (with PAF) for women 

in the study. The platelet reactivity of GPIIb/IIIa and the platelet reactivity of P-selectin. 

Comparison of non-diabetic women without cardiovascular disease (NDW-CVD) versus 

non-diabetic women with cardiovascular disease (NDW+CVD) versus diabetic women 

without cardiovascular disease (DW-CVD) versus diabetic women with cardiovascular 

disease (DW+CVD). The stimulation ratio of GPIIb/IIIa after stimulation with PAF was 

significantly lower in DW+CVD in comparison to DW-CVD (P<0.05). The stimulation 

ratio of P-selectin after stimulation with PAF was significantly lower in DW+CVD in 

comparison to DW-CVD (P<0.05). 
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Figure 2.15. Summary of platelet reactivity to acute stimulation (with PAF) for women 

and men in the study. Comparison of non-diabetic men with cardiovascular disease 

(NDM+CVD) versus non-diabetic women with cardiovascular disease (NDW+CVD) 

versus diabetic men with cardiovascular disease (DM+CVD) versus diabetic women with 

cardiovascular disease (DW+CVD). There is no significant difference among any of the 

groups. 
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CHAPTER 3. PLATELET-NEUTROPHIL CONJUGATE FORMATION IS 

INCREASED IN DIABETIC WOMEN WITH CARDIOVASCULAR DISEASE 

COMPARED TO DIABETIC MEN WITH CARDIOVASCUALR DISEASE 

INTRODUCTION 

Diabetes poses a significant risk factor for cardiovascular disease in both men and 

women, but the incidence of tj^e 2 diabetes is markedly greater in women (36). It is 

known that diabetic women have a significantly greater risk and severity of 

cardiovascular disease than diabetic men. Diabetic women have an elevated base line 

risk, and have more cardiovascular risk factors than men (48). From the Framingham 

Heart Study, diabetic women have an age-adjusted risk ratio of 3.8 for coronary heart 

disease (CHD) compared to diabetic men. Despite the importance of complicating 

factors in the severity of heart disease in diabetes, little is known about the 

interrelationships of risk factors and cardiovascular disorders, particularly in diabetic 

women. Of particular interest is the inflammatory response and its effect on 

cardiovascular disease. The inflammatory response complicates cardiovascular disease in 

several ways (101), but its role in diabetes is unclear. It was observed that diabetic men 

with cardiovascular disease exhibit chronic inflammation (264). Since inflammation 

amplifies atherosclerosis and ischemia-reperfiision injury, it is important to investigate if 

this complication is exacerbated in diabetic women. 



An enhanced inflammatory response may contribute to the greater rate, recurrence and 

severity of myocardial infarction and ischemic heart failure in diabetes. From recent 

laboratory ischemia-reperfusion studies, it appears that reperfusion injury following 

ischemia is exacerbated in type 1 diabetes (267). Neutrophils accumulate in the coronary 

microcirculation following ischemia, amplifying reperfusion injury in diabetic hearts 

(265,268). In men with type 2 diabetes, it was determined that there is a chronic increase 

in neutrophil ROS (reactive oxygen species) production, which indicates an increased 

neutrophil activity. Activated platelets and their interaction with leukocytes may 

influence this injury. Diabetic platelets demonstrate enhanced platelet aggregation and an 

increase in coagulation (264). There are also increased platelet-leukocyte interactions, 

which may further amplify ROS production (264). Platelets are known to mediate the 

activation of leukocytes. It was demonstrated that when the platelet and neutrophil 

interaction is inhibited, ROS production is decreased (266). These experiments were 

performed in men, but very little is known about the cell-mediated inflammatory 

response in diabetic women, or how it compares to the inflammatory response of men. 

The aim of this study was to investigate the severity of platelet-neutrophil conjugates in 

diabetic men and diabetic women with ischemic heart disease. For this purpose, we used 

whole blood samples obtained fi^om diabetic women and diabetic men and analyzed the 

blood using a flow cytometer. We evaluated the formation of platelet and neutrophil 

conjugates in non-diabetic women without cardiovascular disease, non-diabetic women 

with cardiovascular disease, diabetic women without cardiovascular disease, diabetic 
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women with cardiovascular disease, non-diabetic men with cardiovascular disease, and 

diabetic men with cardiovascular disease. We found no significant difference in platelet-

neutrophil conjugates in unstimulated blood. However, when the blood was stimulated 

with PAF (platelet activating factor), diabetic women without CVD demonstrated an 

increase in platelet-neutrophil conjugates compared to diabetic women with CVD and 

non-diabetic women with CVD. We found no significant difference in platelet-neutrophil 

conjugates after stimulation in comparing women to men. The stimulation ratio was 

significantly greater in diabetic and non-diabetic women with CVD in comparison to 

diabetic men with CVD, suggesting diabetic women's blood is hyper-reactive to 

stimulation compared to diabetic men's blood. These results indicate that platelets and 

neutrophils in diabetic women have a greater potential for activation compared to diabetic 

men. Platelet-neutrophil conjugates may contribute to thrombosis/inflammation and the 

greater severity of coronary heart disease observed in diabetic women as compared to 

diabetic men. 

RESEARCH DESIGN AND METHODS 

Subjects 

Four groups of women were studied; non-diabetic women without cardiovascular disease 

(NDW-CVD) (n=23), non-diabetic women with cardiovascular disease (NDW+CVD) 

(n=25), diabetic women without cardiovascular disease (DW-CVD) (n=20), and diabetic 

women with cardiovascular disease (DW+CVD) (n=24). Two groups of men were 

studied; non-diabetic men with cardiovascular disease (NDM+CVD) (n=8) and diabetic 
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men with cardiovascular disease (DM+CVD) (n=18). These patients were enrolled from 

the patients attending the Cardiology Clinic at the Veterans Administration Hospital 

(Tucson, AZ) and the Diabetes Clinic at the University of Arizona Medical Center 

(Tucson, AZ). The protocol was approved by the University of Arizona Institutional 

Review Board. Patient's characteristics are summarized in Table 3.1 and their 

medications are summarized in Table 3.2. Fifteen milliliters of blood were drawn in a 

citrate tube from all the patients. The severity of diabetes was determined by the 

patient's hemoglobin Aic- A subject was considered to have cardiovascular disease if 

they had a previous cardiovascular event (myocardial infarction, coronary artery bypass 

graft (CABG), stroke, percutaneous coronary intervention (PCI), or some combination). 

Platelet-Neutrophil Conjugates 

The platelet-neutrophil conjugates were determined by measuring fluorescent markers 

specific to platelets and leukocytes. The leukocytes were labeled by mixing whole blood 

with an equal volume of solution containing LDS-751 (Molecular Probes). Platelets were 

measured as the fluorescence of a PE-conjugated antibody (Pharmingen) against CD42b 

(GPIb). Through the use of these two different colored probes, it was possible to gate the 

events using the flow cytometer. These events were then designated the platelet-

neutrophil conjugates. 

Since P-selectin is the main receptor by which platelets and neutrophils form conjugates, 

we used an antibody against P-selectin to block the formation of the conjugates in order 



to confirm that we were actually observing platelet-neutrophil conjugates. Platelet-

neutrophil conjugates were blocked with a purified P-selectin (CD62) antibody 

(Pharmingen). In this experiment the WB/LDS, GPIb antibody, and anti-P-selection 

were combined in respective tubes, covered and incubated at room temperature for 15 

minutes. To determine the effects of acute stimulation on platelet-neutrophil conjugate 

formation, PAF was added to respective tubes and incubated for another 10 minutes. 

After 25 minutes, ice-cold PBS was added and the samples were put on ice until analyzed 

on the flow cytometer (Becton Dickinson FACScan Clinical Flow Cytometer). Side 

scatter and Forward scatter were used to back-gate and identify the neutrophil population 

in the whole blood sample. The neutrophil population was then analyzed for the co-

expression of the PE-GPIb probe to obtain a population of platelet and neutrophil 

conjugates (see figure 3.1). The neutrophils were then analyzed to determine the 

response to P-selectin blockade and PAF stimulation. Data was acquired and stored in 

list-mode for analysis of percent positive events and mean channel of fluorescence 

(264,266). 

Estradiol Measurement 

We examined the estrogen levels in the women to determine if there was a difference 

among the groups, possibly influencing the platelet-neutrophil conjugate formation. The 

blood samples were centrifuged (Megafuge l.OR, Baxter Scientific Products) at 2,500 

RPM for thirty minutes at 4°C. The plasma was pipetted from each sample and then 

immediately stored at -70°C. Once a sufficient number of samples were collected, they 



were removed from the freezer and thawed to room temperature. The estradiol was 

measured using a double antibody radioimmunoassay from DPC. All samples were 

run in duplicate. The samples were prepared according to the directions provided by the 

company. Standard tubes were made and lOOuL of Estradiol Antiserum was added to all 

tubes except the nonspecific binding and the total count tubes. The samples were 

incubated for 2 hours at room temperature and then lOOuL of I Estradiol was added to 

all tubes. The samples were then incubated for one hour at room temperature. Cold 

precipitating solution was added to all tubes and the samples were incubated for 10 

minutes at room temperature. Finally, the samples were centrifuged for 15 minutes at 

3000xg and the supernatant was decanted. The precipitate was retained for counting. 

Each tube was counted for one minute. The values of estradiol were obtained in pg/mL 

from a logit-log representation of the calibration curve. 

Data Analysis 

Data were collected in notebooks and transferred to a Computer Spreadsheet Format 

(Excel for Windows). The summary results are represented as mean + standard error of 

the mean (SEM). Comparisons among the four groups were made with an ANOVA 

(Sigma-Stat 3.0). A Dunn's and Holm-Sidak Post hoc test was performed (Sigma-Stat 

3.0). A Chi squared test was performed to determine if the percentages in table 3.1 and 

3.2 were significantly related. P < 0.05 was considered as statistically significant. 
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RESULTS 

Patient Characteristic 

Table 3.1 summarizes the characteristics of the six groups studied. There was a 

significant difference of age in the NDW+CVD and DW+CVD groups compared to the 

NDW-CVD and DW-CVD groups (p<0.05). There was also a significant difference in 

body mass index (BMI) of the NDW+CVD group compared to DW-CVD group (p<0.05) 

and DW-CVD group compared to NDW-CVD group (p<0.05). There was no significant 

difference in the duration of diabetes among the three diabetic groups. The glycated 

hemoglobin (HbAic) was significantly greater in DW-CVD and DW+CVD compared to 

NDW-CVD (p<0.05). The glycated hemoglobin (HbAic) was also significantly greater 

in DW-CVD compared to NDW+CVD and DW+CVD compared to NDW+CVD 

(p<0.05). There was a significant difference in hypertension and hypercholesteremia 

among the groups. There were no significant differences in smoking among any of the 

groups. The various drug therapies that the patients were receiving are summarized in 

Table 3.2. There was no significant difference in the percentages of women taking HRT 

or statins among any of the groups. There was a significant difference in the percentages 

of women taking beta blockers, diuretics, nitrates, ACE inhibitors, antioxidants, aspirin, 

and hypoglycemic agents. 

Platelet-Neutrophil Conjugates 

Figure 3.3 reports the percentage of platelet-neutrophil conjugates measured in diabetic 

and non-diabetic women with and without cardiovascular disease. There is a trend 
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toward increased platelet-neutrophil conjugates in diabetic women with cardiovascular 

disease in comparison to the other groups of women, but no statistical significance. 

Figure 3.4 reports the percentage of platelet-neutrophil conjugates measured in diabetic 

and non-diabetic men and women with cardiovascular disease. There was no 

significance among the groups of women and men. 

Platelet-Neutrophil Conjugates after Stimulation with PAF 

The percentage of platelet-neutrophil conjugates was increased in all groups after 

stimulation with PAF. Figure 3.5 reports the percentage of platelet-neutrophil conjugates 

after stimulation measured in diabetic and non-diabetic women with and without 

cardiovascular disease. The greatest response to PAF stimulation was observed in the 

diabetic women without CVD. NDW+CVD and DW+CVD had significantly less 

platelet-neutrophil conjugates after stimulation in comparison to DW-CVD (p<0.05). 

Figure 3.6 reports the percentage of platelet-neutrophil conjugates after stimulation 

measured in diabetic and non-diabetic men and women with cardiovascular disease. 

Platelet-Neutrophil Conjugates reactivity to PAF 

As an indicator of the reactivity to acute stimulation, we calculated the ratio of PAF 

stimulated to unstimulated conjugates. Figure 3.7 reports the platelet-neutrophil 

conjugate reactivity to PAF measured in diabetic and non-diabetic women with and 

without cardiovascular disease. NDW+CVD and DW+CVD had significantly less 

platelet-neutrophil conjugate reactivity to PAF in comparison to DW-CVD (P<0.05). 
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Figure 3.8 reports the platelet-neutrophil conjugate reactivity to PAF measured in 

diabetic and non-diabetic men and women with cardiovascular disease. NDW+CVD and 

DW+CVD had significantly greater platelet-neutrophil conjugate reactivity to PAF in 

comparison to DM+CVD (P<0.05). 

Platelet-Neutrophil Conjugates after Inhibition with anti-P-selectin 

The percentage of platelet-neutrophil conjugates after P-selectin blockade was measured. 

We performed this experiment to confirm that we were examining platelet-neutrophil 

conjugates via the p-selectin receptor. P-selectin blockade markedly reduced the 

conjugate formation. Figure 3.9 reports the platelet-neutrophil conjugates after P-selectin 

blockade measured in diabetic and non-diabetic women with and without cardiovascular 

disease. The blockade caused an overall 76% decrease in the conjugate. Figure 3.10 

reports the platelet-neutrophil conjugates after P-selectin blockade measured in diabetic 

and non-diabetic men and women with cardiovascular disease. The blockade caused an 

overall 75% decrease in the conjugate. 

Estradiol Levels 

The estradiol levels were measured in diabetic and non-diabetic women with and without 

cardiovascular disease. There was no significant difference among any of the groups 

(Figure 3.11). Estradiol in non-diabetic women without cardiovascular disease was 22.1 

+ 7.3. Estradiol in non-diabetic women with cardiovascular disease was 30.6 + 8.0. 
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Estradiol in diabetic women without cardiovascular disease was 30.2 + 9.3. Estradiol in 

diabetic women with cardiovascular disease was 37.0+14.0. 

DISCUSSION 

Gender differences in the pathology of cardiovascular disease have not been studied 

extensively. There was a reduction in the overall death rate due to cardiovascular disease 

(CVD) in the United States during the last several decades, but the CVD reduction was 

less for women than men. The absolute number of deaths due to CVD is actually 

increasing in women. In 2000, the estimated direct and indirect costs of CVD and stroke 

exceeded $350 billion. Coronary heart disease (CHD) and stroke are the leading killers 

of women in the United States. Fifty percent of women will eventually die of heart 

disease or stroke. Several reports document that a women with CHD has a worse 

prognosis than men with CHD. This might indicate an increased severity of illness at 

presentation (12,32). Diabetes mellitus is an even stronger risk factor for CHD in women 

than in men. Diabetes is associated with three to sevenfold elevation in CHD risk among 

women compared with a two to threefold elevation among men (32). Another report 

indicated that the prevalence rate ratio for CHD in individuals with type 2 diabetes was 

4.6 in women compared to 1.8 in men (36). Despite the marked difference, little is 

known about the pathogenesis of cardiovascular disease in diabetes to explain the 

discrepancy in diabetic men and diabetic women. 
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One possible explanation is that the inflammatory response is more marked in women. 

Inflammation is now considered a primary cardiovascular risk factor and a recent study 

of predictors of cardiovascular risk ranks markers of inflammation, such as C-reactive 

protein, as comparable to markers of cholesterol (101,102). It is known that 

inflammation mediates the formation of atherosclerotic plaque, the major cause of 

cardiovascular dysfunction. An increase in WBC, pro-inflammatory cytokines, and C-

reactive protein are all linked to the development of diabetes. A study by Vozarova et al. 

reported that a high white blood cell (WBC) count predicts the development of type 2 

diabetes and a decrease of insulin action in Pima Indians (105). Studies by Thorand et al. 

and Barzilay et al. also found that low-grade inflammation (in particular increased C-

reactive protein) was predictive of an increased risk of type 2 diabetes mellitus in middle-

aged and elderly men (106,107). Hayden et al. hj^othesized that type 2 diabetes mellitus 

is a vascular disease (atherosclerosis) and that NOS, NO, and redox stress, components of 

inflammation, play a causative role in type 2 diabetes, in turn causing atherosclerosis 

(104). 

We hypothesized that one possible element of the pathogenesis of cardiovascular disease 

in diabetes, platelet-neutrophil conjugates, a result of inflammation, is different in 

diabetic women and diabetic men. Rinder et al. reports 15% + 1.5% of platelet-

neutrophil conjugates in patients prior to cardiopulmonary bypass (273) and we found 

15% + 1,5% of platelet-neutrophil conjugates in healthy age matched controls. We did 

not find the chronic baseline percentage of platelet-neutrophil conjugates to be 
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significantly different among any of the groups studied. We did however observe that 

after stimulation with PAF (platelet activating factor), a signaling molecule released with 

ischemia and reperfusion (274), the percentage of platelet-neutrophil conjugates was 

significantly less in non-diabetic women with cardiovascular disease and diabetic women 

with cardiovascular disease compared to diabetic women without cardiovascular disease. 

These results indicate that there might be some blvinting effect after stimulation in women 

with cardiovascular disease regardless of their diabetic status. 

When comparing men to women there were no chronic differences observed. The most 

intriguing results were found when comparing the response to acute stimulation of 

platelet-neutrophil conjugates. It was observed that non-diabetic women with 

cardiovascular disease and diabetic women with cardiovascular disease had a 

significantly increased reactivity to PAF in comparison to diabetic men with 

cardiovascular disease. These results suggest that women's blood may be more reactive 

to acute stimulus that occurs imder ischemic conditions than diabetic men's blood. 

Platelet-neutrophil conjugates may contribute to thrombosis/inflammation and the greater 

severity of coronary heart disease observed in diabetic women as compared to diabetic 

men (266,275). 

Platelet-Neutrophil Conjugate Formation 

The primary interaction between platelets and leukocytes is via the P-selectin receptor 

(also known as the platelet activation dependent granule external membrane/granule 



membrane protein 140 (PADGEM/GMP-140) or P-selectin or CD62) on the platelets and 

the P-selectin glycoprotein ligand-1 (PSGL-1) on leukocytes (141-146). Kinder et al. 

demonstrated that monocytes have a competitive advantage over neutrophils when 

binding activated platelets (141). Platelets and endothelial cells both express P-selectin. 

P-selectin, which is stored in a-granules of platelets and in Weibel-Palade bodies of 

endothelial cells, is translocated to the cellular surface within 5 to 15 minutes after 

stimulation with histamine, thrombin, or oxygen radicals (149-153). The adhesion 

between P-selectin and PSGL-1 is stabilized by binding of Mac-1 (CDllb/CD18) to a 

counter-receptor on platelets (144,145,154,155). The expression of Mac-1 is a result of 

tyrosine phosphorylation and mitogen-activated protein kinase activation as a result of 

PSGL-1 ligation (155-157). The binding of platelets to leukocytes was demonstrated in 

vitro to cause the expression of pro-inflammatory cytokines, an oxidative burst, increased 

expression of cell adhesion molecules like Mac-1, induce neutrophil activation, and 

generate signals that promote integrin activation (132,158-161). 

Interaction between Platelets and Neutrophils 

There is a complex interaction that occurs platelets and neutrophils. Activated platelets 

act as stimuli for neutrophils, but platelets may also inhibit neutrophil activation. 

Conversely neutrophils affect platelets. Platelet and neutrophil cross talk may affect the 

development of thrombotic and inflammatory diseases (166). Platelets not only play a 

role in hemostasis but also play a role in inflammation via releasing substances with 

physiologic potential and by interacting with leukocytes and vascular endothelial cells 
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involved in modulation of the inflammatory reaction (167). There are several 

components released by stimulated platelets induce neutrophil activation and chemotaxis. 

For example, two substances released from platelets, platelet factor 4, which increases 

endothelial ICAM-1 (168), and platelet-derived growth factor are chemotatic substances 

for human neutrophils (169,170). Thromboxane A2 (also released from platelets) may 

enhance neutrophil adhesion to the endothelial wall (171). P-selectin, which is 

responsible for the adhesion of platelets to neutrophils, could possibly optimize the 

signaling between the two cells (166). 

Activated neutrophils produce free radicals, which in turn are potent activators of 

platelets. Superoxide anion is a strong platelet aggregant and increases platelet's 

response to thrombin (172,173). Hydrogen peroxide is also a platelet agonist, but is 

weaker (174). Proteolytic enzymes, which are released from activated neutrophils, 

causes the exposure of the active fibrinogen-binding site of the GPIIb/IIIa complex 

resulting in platelet aggregation (175). This evidence of platelet stimulation of 

neutrophils and neutrophil stimulation of platelets suggests a positive feedback loop 

leading to further stimulation and amplification of tissue injury (166). A study by Aziz et 

al. demonstrated that short term incubations of neutrophils with stimulated platelets 

causes an increase of oxidative bursts from the neutrophil (131). 
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Platelet-Neutrophil Conjugates in Cardiovascular Disease 

Platelet-neutrophil conjugates were observed in various cardiovascular disease states. 

Neumann et al. determined that after an acute myocardial infarction (AMI) leukocyte-

platelet adhesion was increased and remained elevated for at least five days after PTCA. 

They also determined that binding activated platelets induced IL-ip release by 

leukocytes. It was concluded that the platelet-leukocyte conjugates might contribute to 

inflammatory responses in acute coronary syndromes (132). A study by Morse et al. 

reported that during cardiopulmonary bypass (CPB) patients have significantly activated 

platelets (increase of P-selectin) and neutrophils (increase of CDllb) (162). In another 

study examining CPB, Kinder et al. demonstrated that monocyte-platelet conjugates were 

increased significantly during CPB and neutrophil-platelet conjugates were increased 

only slightly (163). A study by Gawaz et al. reported platelet-leukocyte adhesion was 

increased in patients with symptomatic coronary heart disease compared to normal 

controls. It was also determined that when stimulated, patients with symptomatic 

coronary heart disease had a hyper-reactive response, which could indicate an increased 

risk of acute thrombotic event (164). We did not observe the baseline concentrations of 

platelet-neutrophil conjugates to be significantly different among any of the groups 

studied. Other studies indicate that platelet-neutrophil conjugates are activated in an 

acute setting, while our results indicates that platelet-neutrophil conjugates are not 

chronically activated. We did find that non-diabetic women with cardiovascular disease 

and diabetic women with cardiovascular disease had significantly increased conjugate 

reactivity compared to diabetic men with cardiovascular disease. This indicates that if a 



108 

diabetic women with cardiovascular disease had an acute event, their blood would react 

more. 

Platelet-Neutrophil Conjugates in Diabetes 

There are few reports of platelet-neutrophil conjugates in diabetic patients. Kaplar et al. 

found a significant increase in the number of monocyte-platelet aggregates in type 2 

diabetics compared to non-diabetics. They also found in type 2 diabetics a correlation 

between elevation of postprandial serum glucose levels and platelet-monocyte aggregate 

formation (176). We found the baseline concentrations of platelet-neutrophil conjugates 

were not significantly different among any of the groups studied. We also found that 

after stimulation with PAF, the percentage of platelet-neutrophil conjugates were 

significantly decreased in non-diabetic women with cardiovascular disease and diabetic 

women with cardiovascular disease compared to diabetic women without cardiovascular 

disease. This contrary to previous studies. We would have though patients with diabetes 

and cardiovascular disease would have a higher amount of platelet-neutrophil conjugates 

in comparison to any other groups. 

Implications of Platelet-Neutrophil Conjugates 

Platelet aggregation in atherosclerotic coronary arteries contributes to acute myocardial 

ischemia. After coronary artery occlusion and reperfusion, leukocytes become activated, 

sequester in the microcirculation and release oxygen free radicals and proteolytic 

enzymes. The radicals and enzymes may be responsible for progression of vascular and 
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cardiomyocyte injury (178). Superoxide radical-mediated endothelial injury causes 

smooth muscle contraction and decreased endothelium contraction (179). The vascular 

injury from the oxygen free radicals may then cause a decrease of coronary blood flow 

reserve and coronary reactivity after reperfusion (180,181). The physical obstruction of 

the microvascular bed by activated leukocytes and decreased neutrophil deformability are 

possible factors by which leukocytes contribute to vascular injury seen in ischemic 

coronary artery disease (178,182,267,268,276). 

Platelet-neutrophil interaction localizes both cells but also creates an optimal 

environment for the exchange of mediators and metabolites (141). Binding of platelets to 

leukocytes modulates a variety of leukocyte fimction including cytokine synthesis (183-

185), surface expression of adhesion receptors, like CDl 1/CD18 (154,186), and oxidative 

burst (178). 

The role of platelet-neutrophil conjugates in ischemia-reperfusion injury was also 

investigated. A study by Lefer et al. examined the effects of neutrophils and platelets 

separately and together, but not platelet-neutrophil conjugates, in causing cardiac 

dysfunction in perfused rat hearts after ischemia and reperfusion (I/R). It was 

demonstrated that I/R hearts perfused with neutrophils or platelets alone exhibited a 

decreased of 10% to 12% of heart functions and when neutrophils and platelets were 

perfused together, the various heart functions decreased by 50% to 60%. This study also 

demonstrated that blocking of P-selectin decreased the synergism between the platelets 
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and neutrophils. The possible mechanism of the decrease in cardiac function in this 

experiment includes neutrophil and platelet aggregates obstructing the flow of the 

coronary microvessels. Platelets and neutrophils can also release many toxic 

components, which could then decrease the coronary flow and the cardiac contractility 

(165). Another study by Kogaki et al. found that the presence of activated platelets 

increased neutrophil adhesion and migration after hypoxia-reoxygenation and this was 

inhibited with an anti-P-selectin antibody. They hypothesized that the increased 

neutrophil adhesion and migration via P-selectin and subsequent neutrophil activation 

(153). 

The population of women and men in this study have different demographics and are on 

different medications. There was a significant increase in the age of the women with 

cardiovascular disease in comparison to women without cardiovascular. Overall, patients 

with cardiovascular disease are on more medications than patients that do not have 

cardiovascular disease. A higher percentage of patients with cardiovascular disease are 

on aspirin and calcium channel blockers. The influence of medications and age could be 

a reason why there was no differences observed in the baseline percentages of platelet-

neutrophil conjugates. Statins are known to reduce inflammation via decreasing 

concentrations of C-reactive protein and upregulating endothelial nitric oxide synthase 

(271,272). We found that the proportions of patient on statins are not significantly 

different among groups, making statins less likely to influence the results. We did find 

that when separating the patients on statins from the patients not on statins, non-diabetic 



I l l  

women without CVD not on statins did have significantly higher platelet-neutrophil 

conjugates compared to those on statins. Although the proportions of patient on hormone 

replacement therapy are not significantly different among groups, we also examined the 

differences of estradiol levels in the women to determine if estrogen levels had an 

influence on inflammation. We found no significant difference in estradiol levels 

between any of the groups. There was also no correlation between estrogen and the 

percentage of platelet-neutrophil conjugates. This implies that estrogen does not 

influences platelet-neutrophil conjugates that we found. 

Conclusion 

Diabetic patients have an increased risk of cardiovascular disease; which is much more 

severe in diabetic women, precisely why this occurs is not known. One of the links 

between diabetes and cardiovascular disease is inflammation. We hypothesized that 

platelet-neutrophil conjugates are increased in diabetic women with cardiovascular 

disease compared to non-diabetic women with cardiovascular disease and diabetic men 

with cardiovascular disease. In this study we decided to examine one component of 

inflammation, platelet-neutrophil conjugates, in six groups of diabetic and non-diabetic 

patients with and without cardiovascular disease. We found the baseline concentrations 

of platelet-neutrophil conjugates were not significantly different among any of the groups 

studied. After stimulation with PAF, the percentage of platelet-neutrophil conjugates 

were significantly decreased in non-diabetic women with cardiovascular disease and 

diabetic women with cardiovascular disease compared to diabetic women without 
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cardiovascular disease. We also found non-diabetic women with cardiovascular disease 

and diabetic women with cardiovascular disease had significantly increased conjugate 

reactivity compared to diabetic men with cardiovascular disease. This indicates an 

increased propensity for female blood to form conjugates in response to acute 

stimulation. An increase in platelet-neutrophil conjugates reactivity in diabetic women 

could potentially be one of the factors causing more severe cardiovascular disease in 

diabetic patients, particularly women. 

These results suggest that one of the potential causes of the difference of severity of 

cardiovascular disease between diabetic men and diabetic women is the diabetic women's 

propensity to hyper-react to an acute ischemic stimulus and activate platelet-neutrophil 

conjugates more than that of diabetic men. The increased number of platelet-neutrophil 

conjugates may localize both cell types in the microcirculation causing obstruction and 

ROS release. In addition, the complex activation of each of the cells by the other could 

occur creating a positive feed back loop of increased inflammatory activation. This 

increase in inflammation may then possibly increase the severity of thrombosis and 

cardiovascular disease. 
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Table 3.1. Demographics of the women and men. 

Patient Characteristics NDW-CVD (n=23> NDW+CVD rn=25) DW-CVD <n=20) DW+CVD fn=24» NDM+CVD rn=8) DM+CVD tn=18t 

Age (years) 58.5 ±1.7 66.0 ±2.5* ** 55,7 ±2.6 65.4 ±2.2* ** 63.8 ±3.4 64.9 ±2.5 

Body Mass Index (kg/m^) 26.8 ±1.0 28.8 ± 1.4** 36.9 ±1.8* 29.9 ±1.5 28.2 ± 1.3 29.2 ± 1.0 

Duration of Diabetes (years) N/A N/A 9.2 ±1.5 14.3 ±3.2 N/A 14.5 ±3.4 

HbAlc (%) 5.4 ±0.1 5.2 ±0.2** 8.2 ±0.4* 6 9 + 03* *** 5.9 ±0.4 7.4 ± 0.4 

Hypertension (%)h' 8% 76% 55% 67% 50% 83% 

Hypercholesteremia (%)v|/ 25% 64% 53% 71% 100% 56% 

Current Smoker (%) 0% 20% 10% 8% 38% 22% 

Prior Cardiovascular Events (%) 

Myocardial Infarction v(; 0% 52% 0% 63% 63% 73% 

Strokev 0% 12% 0% 17% 38% 17% 

PTCAvi; 0% 20% 0% 33% 25% 75% 

CABGv)/ 0% 20% 0% 25% 75% 33% 

*P<0.05 compared toNDW-CVD group 
**P<0.05 compared to DW-CVD group 
***P<0.05 compared to NDW+CVD group 
»)/The proportions are significantly related (P<0.05) 



Table 3.2. Distribution of medications in women and men. 

Medication f%) NDW-CVD fn=23) NDW+CVD fn=25) DW-i 

Beta Blockers^ 0% 48% 10% 

Diureticsi|; 4% 20% 10% 

Nitrates v|; 4% 16% 0% 

ACE Inhibitorsv); 4% 20% 65% 

Positive Intropes 0% 8% 5% 

Ca^^ Channel Blockersv|; 0% 16% 10% 

Aspirinv); 21% 56% 25% 

Anti-coagulants 0% 12% 10% 

Antioxidants V)/ 50% 28% 10% 

Hypoglycemic Agents vj/ 0% 0% 65% 

Statins 12% 29% 25% 

HRT 50% 64% 55% 

v|;The proportions are significantly related (P<0.05) 

DW+CVD (n=24) NDM+CVP (n=8) DM+CVD (n=18> 

46% 50% 53% 

63% 50% 71% 

21% 0% 53% 

38% 63% 41% 

21% 0% 12% 

29% 38% 29% 

79% 63% 59% 

4% 25% 0% 

13% 0% 0% 

21% 0% 29% 

34% 75% 38% 

42% N/A N/A 
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Figure 3.1. Representative FACS plots to assess platelet-neutrophil conjugates in a 

diabetic woman with cardiovascular disease. (A) Unstimulated blood (22.4% of platelet-

neutrophil conjugates). (B) Stimulated blood (75.9% of platelet-neutrophil conjugates). 

(C) Inhibited blood (3.5% of platelet-neutrophil conjugates). 
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Figure 3.2. Pictures demonstrating platelet-neutrophil interaction. (A) Unstimulated 

blood from a non-diabetic woman without cardiovascular disease. (B) Stimulated blood 

(with PAF) from a diabetic man with cardiovascular disease. (C) Stimulated blood (with 

FAF) from a diabetic woman with cardiovascular disease. 
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Figure 3.3. Summary of percent of platelet-neutrophil conjugates for women in the 

study. Comparison of non-diabetic women without cardiovascular disease (NDW-CVD) 

versus non-diabetic women with cardiovascular disease (NDW+CVD) versus diabetic 

women without cardiovascular disease (DW-CVD) versus diabetic women with 

cardiovascular disease (DW+CVD). There is no significant difference among any of 

these groups. 
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NDM-t-CVD (8) NDW+CVD (2S) DM+CVD (18) DW-t-CVD (24) 

Figure 3.4. Summary of percent of platelet-neutrophil conjugates for women and men in 

the study. Comparison of non-diabetic men with cardiovascular disease (NDM+CVD) 

versus non-diabetic women with cardiovascular disease (NDW+CVD) versus diabetic 

men with cardiovascular disease (DM+CVD) versus diabetic women with cardiovascular 

disease (DW+CVD). There is no significant difference among any of the groups. 
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*P<0,05 compared to DW-CVD group 

DW-CVD (20) DW+CVD (24) 

Figure 3.5. Summary of percent of platelet-neutrophil conjugates after stimulation with 

PAF for women in the study. Comparison of non-diabetic women without cardiovascular 

disease (NDW-CVD) versus non-diabetic women with cardiovascular disease 

(NDW+CVD) versus diabetic women without cardiovascular disease (DW-CVD) versus 

diabetic women with cardiovascular disease (DW+CVD). NDW+CVD and DW+CVD 

had significantly less platelet-neutrophil conjugates after stimulation in comparison to 

DW-CVD (P<0.05). 
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Figure 3.6. Summary of percent of platelet-neutrophil conjugates after stimulation with 

PAF for women and men in the study. Comparison of non-diabetic men with 

cardiovascular disease (NDM+CVD) versus non-diabetic women with cardiovascular 

disease (NDW+CVD) versus diabetic men with cardiovascular disease (DM+CVD) 

versus diabetic women with cardiovascular disease (DW+CVD). There is no significant 

difference among any of the groups. 
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NDW-CVD (23) NDW+CVD (25) DW-CVD (20) DW+CVD (20) 

*P<0.05 compared to DW-CVD group 

Figure 3.7. Summary of platelet-neutrophil conjugate reactivity to PAF for women in 

the study. Comparison of non-diabetic women without cardiovascular disease (NDW-

CVD) versus non-diabetic women with cardiovascular disease (NDW+CVD) versus 

diabetic women without cardiovascular disease (DW-CVD) versus diabetic women with 

cardiovascular disease (DW+CVD). NDW+CVD and DW+CVD had significantly less 

stimulation ratio of platelet-neutrophil conjugates in comparison to DW-CVD (P<0.05). 
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NDM+CVD(8) NDW+CVD(25) DM+CVD(16) DW+CVD (20) 

*P<0.05 compared to DM+CVD group 

Figure 3.8. Summary of platelet-neutrophil conjugate reactivity to PAF for women and 

men in the study. Comparison of non-diabetic men with cardiovascular disease 

(NDM+CVD) versus non-diabetic women with cardiovascular disease (NDW+CVD) 

versus diabetic men with cardiovascular disease (DM+CVD) versus diabetic women with 

cardiovascular disease (DW+CVD). NDW+CVD and DW+CVD had significantly 

greater stimulation ratio of platelet-neutrophil conjugates in comparison to DM+CVD 

(P<0.05). 
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NDW-CVD (23) NDW+CVD(21) DW-CVD (20) DW+CVD (22) 

*P<0.05 compared to NDW+CVD 
**P<0.05 compared to DW-CVO 

Figure 3.9. Summary of inhibition of platelet-neutrophil conjugates with anti-P-selectin 

for women in the study. Comparison of non-diabetic women without cardiovascular 

disease (NDW-CVD) versus non-diabetic women with cardiovascular disease 

(NDW+CVD) versus diabetic women without cardiovascular disease (DW-CVD) versus 

diabetic women with cardiovascular disease (DW+CVD). NDW-CVD and DW-CVD 

had significantly less platelet-neutrophil conjugates in comparison to NDW+CVD 

(P<0.05). DW+CVD had significantly greater platelet-neutrophil conjugates in 

comparison to DW-CVD (P<0.05). 
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NDM+CVD (7) NDW+CVD (21) DM+CVD (17) DW+CVD (22) 

Figure 3.10. Summary of inhibition of platelet-neutrophil conjugates with anti-P-selectin 

for women and men in the study. Comparison of non-diabetic men with cardiovascular 

disease (NDM+CVD) versus non-diabetic women with cardiovascular disease 

(NDW+CVD) versus diabetic men with cardiovascular disease (DM+CVD) versus 

diabetic women with cardiovascular disease (DW+CVD). There is no significant 

difference among any of the groups. 
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45 -

NDW-CVD (24) NDW+CVD (27) DW-CVD (20) DW+CVD (27) 

Figure 3.11. Summary of estradiol for all women in the study. Comparison of non-

diabetic women without cardiovascular disease (NDW-CVD) versus non-diabetic women 

with cardiovascular disease (NDW+CVD) versus diabetic women without cardiovascular 

disease (DW-CVD) versus diabetic women with cardiovascular disease (DW+CVD). 

There is no significant difference among any of the groups. 



CHAPTER 4. PRO-INFLAMMATORY CYTOKINES ARE INCREASED IN 

TYPE 2 DIABETIC WOMEN WITH CARDIOVASCULAR DISEASE 

INTRODUCTION 

There is a strong link between diabetes and cardiovascular disease. Cardiovascular 

disease is the number one killer of patients with diabetes. Men with diabetes are 2 to 3 

times more likely to die from CHD than those without diabetes, and the risk for women is 

even higher (277). Patients with diabetes have increased morbidity and mortality 

associated with cardiovascular disease. The precise mechanism as to why patients with 

diabetes have such an increased risk of cardiovascular disease is unclear. It is currently 

understood that inflammation plays a role in cardiovascular disease (101,102). One 

hypothesis to explain why diabetic patients have more severe cardiovascular disease is 

that diabetic patients have an increase in inflammation compared to the non-diabetic 

patient. One component of inflammation that was reported in both diabetes and 

cardiovascular disease is the production of pro-inflammatory cytokines, particularly 

interleukin-6 (IL-6), tumor necrosis factor (TNF-a), and interleukin-1 (IL-lp). 

Cytokines are soluble polypeptides released from cells of the immune system, 

particularly macrophages. Pro-inflammatory cytokines including, IL-6, TNF-a, and IL-

Ip, are major mediators in the induction of the acute phase response (119). Previous 

studies indicate that IL-6, TNF-a, and IL-ip are increased in many different types of 

cardiovascular disease including unstable angina, myocardial dysfunction, chronic heart 
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failure, myocardial infarction, and different cardiac surgeries (228-231,233,234). All 

three cytokines play a key role in the development of atherosclerosis (133). It was also 

demonstrated that IL-6 enhanced the development of atherosclerosis and IL-ip was 

associated with the development of a lethal arterial inflammation in mice (192,216). 

The role of cytokines in diabetes is also under intense investigation. Studies by 

Lechleitner et al., Yudkin et al., and McCarty et al. indicate TNF-a may play a role in the 

development of diabetes by impairing insulin action (211,212,244). IL-6 and TNF-a 

was observed to be increased in diabetic patients (247,248). In another study, IL-6 was 

increased in response to acute hyperglycemia (251). There is little investigation of IL-lp 

in diabetic patients. 

It is apparent that cytokines play a pathologic role in both diabetes and cardiovascular 

disease. It is possible that cytokine concentrations are additive in patients with diabetes 

and cardiovascular disease, causing more severe disease. Cytokine concentrations in 

patients, particularly women, with cardiovascular disease and diabetes combined have not 

been reported previously. In this study three pro-inflammatory cytokines, IL-6, TNF-a, 

and IL-ip were examined via Enzyme Linked-Immuno-Sorbent Assay (ELISA) in four 

different groups of women: healthy age-matched controls, non-diabetic women with 

cardiovascular disease, diabetic women without cardiovascular disease, and diabetic 

women with cardiovascular disease. We found that lL-6 in diabetic women with 

cardiovascular disease was significantly greater in comparison to healthy age-matched 
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controls. There was also a trend for TNF-a to be greater in diabetic women with 

cardiovascular disease and diabetic women without cardiovascular disease in comparison 

to healthy age-matched controls, but no statistical significance. IL-ip was not 

significantly different among the four groups. This study demonstrates an increase of 

TNF-a and IL-6 in diabetic women with and without cardiovascular disease in 

comparison to healthy age-matched controls. The additive increase in cytokines suggests 

a common inflammatory etiology in cardiovascular disease and diabetes in women. 

RESEARCH DESIGN AND METHODS 

Subjects 

Four groups were studied; non-diabetic women without cardiovascular disease (ND-

CVD) (n=24), non-diabetic women with cardiovascular disease (ND+CVD) (n=7), 

diabetic women without cardiovascular disease (D-CVD) (n=19), and diabetic women 

with cardiovascular disease (D+CVD) (n=12). These subjects were enrolled from the 

patients attending the Cardiology Clinic at the Veterans Administration Hospital (Tucson, 

AZ) and the Diabetes Clinic at the University of Arizona Medical Center (Tucson, AZ). 

The protocol was approved by the University of Arizona Institutional Review Board. 

Patient's characteristics are summarized in Table 4.1 and their medications are 

summarized in Table 4.2. The severity of diabetes was determined by the patient's 

hemoglobin Aic- A subject was considered to have cardiovascular disease if they had a 

previous cardiovascular event (myocardial infarction, coronary artery bypass graft 
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(CABG), stroke, percutaneous coronary intervention (PCI), or some combination). 

Fifteen milliliters of blood were drawn in a citrate tube from all the patients. 

IL-6 Measurement 

The blood samples were centrifuged in a (Megafuge 1 .OR, Baxter Scientific Products) at 

2,500 RPM for thirty minutes at 4^0. The plasma was pipetted from each sample and 

then immediately stored at -70°C. Once a sufficient number of samples were collected, 

they were removed from the fi-eezer and thawed to room temperature. An ELISA human 

IL-6 Ultrasensitive kit from Biosource International was used. The samples were 

prepared according to the directions provided by Biosource International. At first, the 

hIL-6 standard was reconstituted and diluted. The standard was reconstituted to 2500 

/ml with standard diluent buffer. The sample was mixed gently and allowed to sit for ten 

minutes to ensure complete reconstitution. The standard needed to be used within one 

hour of reconstitution. Then, 0.010 mL of the reconstituted standard was added to a tube 

containing 2.490 mL of the standard diluent buffer. This tube was labeled 10.0 pg/mL 

hIL-6. Then, serial dilutions of the standard were done to ultimately have six tubes 

labeled 5.0, 2.5, 1.25, 0.62, 0.31, and 0.16 pg/mL hIL-6. Then the streptavidin-HRP was 

made. This comes in the kit as 50x concentration. 20 [iL of the concentrated solution 

was diluted in 1 mL of streptavidin-HRP diluent for each 8-well strip that was used in the 

assay. Next, the number of 8-well strips needed for the assay was determined and set 

aside. 100 )aL of the standard diluent buffer was added to the zero wells. lOO^iL of the 

standards, samples, and controls were added to the appropriate microtiter wells. The 



plate was then covered and incubated for three hours at 37°C. Then the liquid from each 

well was thoroughly aspirated or decanted. After this, the wells were then washed six 

times. 100 |a.L of biotinylated anti-IL-6 solution was added to all wells except the 

chromogen blank wells. The plate was tapped gently to ensure thorough mixing. The 

plate was then covered and incubated for 45 minutes at room temperature. The liquid 

from each well was thoroughly aspirated and each well was washed six times. 100 |^L of 

streptavidin-HRP was added to each well except the chromogen blank and the plate was 

covered and incubated again for 45 minutes at room temperature. Each well was again 

thoroughly aspirated and washed six times. Then 100 )aL of stabilized chromogen was 

added to each well and the liquid in the wells turned blue. This was incubated for 30 

minutes at room temperature, in the dark. After the final incubation, 100 fa.L of stop 

solution was added to each well and the wells turned from blue to yellow. The plates 

were then read at 450 nm (Vmax, Molecular Devices) having blanked the plate reader 

against a chromogen blank composed of 100 |aL each of stabilized chromogen and stop 

solution. The plate was read within two hours of adding the stop solution. A standard 

curve was plotted and all the unknown samples were determined from the standard curve 

(Figure 4.1). 

TNF-a Measurement 

The blood samples were centriftiged in a (Megafuge l.OR, Baxter Scientific Products) at 

2,500 RPM for thirty minutes at 4°C. The plasma was pipetted from each sample and 

then immediately stored at -70°C. Once a sufficient number of samples were collected. 
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they were removed from the freezer and thawed to room temperature. An ELISA human 

TNF-a Ultrasensitive kit from Biosource International was used. The samples were 

prepared according to the directions provided by Biosource International. At first, the 

hTNF-a standard was reconstituted and diluted. The standard was reconstituted to 380 

pg/ml with standard diluent buffer. The sample was mixed gently and allowed to sit for 

ten minutes to ensure complete reconstitution. The standard needed to be used within 

one hour of reconstitution. Then, 0.050 mL of the reconstituted standard was added to a 

tube containing 0.550 mL of the standard diluent buffer. This tube was labeled 32 pg/mL 

hTNF-a. Then, serial dilutions of the standard were done to ultimately have six tubes 

labeled 16, 8, 4, 2, 1, and 0.5 pg/mL hTNF-a. Then the streptavidin-HRP was made. 

This comes in the kit as lOOx concentration. 10 |iL of the concentrated solution was 

diluted in 1 mL of streptavidin-HRP diluent for each 8-well strip that was used in the 

assay. Then, the number of 8-well strips needed for the assay was determined and set 

aside. 50 ^L of incubation buffer was added to all wells except for the chromagen blank. 

100 i^L of the standard diluent buffer was added to the zero wells. 100 )aL of the 

standards were added to the appropriate microtiter wells and 50 |j.L of standard diluent 

buffer and sample were added to the remaining wells. The side of the plate was tapped 

gently to ensure proper mixing. Then 50 )aL of biotinylated anti- TNF-a solution was 

added to all wells except the chromogen blank wells. The plate was tapped gently to 

ensure thorough mixing. The plate was then covered and incubated for two hours at 

37°C. The liquid from each well was then thoroughly aspirated and each well was 

washed four times. 100 |aL of streptavidin-HRP was added to each well except the 



132 

chromogen blank and the plate was covered and incubated again for 30 minutes at room 

temperature. Each well was again thoroughly aspirated and washed four times. Then 

100 |aL of stabilized chromogen was added to each well and the liquid in the wells turned 

blue. This was incubated for 30 minutes at room temperature, in the dark. After the final 

incubation, 100 |aL of stop solution was added to each well and the wells then turned 

from blue to yellow. The plates were read at 450 nm (Vmax, Molecular Devices) having 

blanked the plate reader against a chromogen blank composed of 100 |aL each of 

stabilized chromogen and stop solution. The plate was read within two hours of adding 

the stop solution. A standard curve was plotted and all the unknown samples were 

determined from the standard curve. 

IL-1 p Measurement 

The blood samples were centrifiiged in a (Megafuge 1 .OR, Baxter Scientific Products) at 

2,500 RPM for thirty minutes at 4°C. The plasma was pipetted from each sample and 

then immediately stored at -70°C. Once a sufficient number of samples were collected, 

they were removed from the freezer and thawed to room temperature. An ELISA human 

IL-ip Ultrasensitive kit from Biosource International was used. The samples were 

prepared according to the directions provided by Biosource International. At first, the 

hIL-ip standard was reconstituted and diluted. The standard was reconstituted to 2500 

pg/ml with standard diluent buffer. The sample was mixed gently and allowed to sit for 

ten minutes to ensure complete reconstitution. The standard needed to be used within 

one hour of reconstitution. Then, 0.020 mL of the reconstituted standard was added to a 
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tube containing 2.480 mL of the standard diluent buffer. This tube was labeled 20.0 

pg/mL hIL-ip. Next, serial dilutions of the standard were done to ultimately have six 

tubes labeled 10, 5, 2.5, 1.25, 0.63, and 0.31 pg/mL hIL-ip. Then the streptavidin-HRP 

was made. This comes in the kit as lOOx concentration. 10 )j.L of the concentrated 

solution was diluted in 1 mL of streptavidin-HRP diluent for each 8-well strip that was 

used in the assay. Then, the number of 8-well strips needed for the assay was determined 

and set aside. 100 |aL of the standard diluent buffer was added to the zero wells. 100 |iL 

of the standards, samples, and controls and 100 p,L of incubation buffer was added to the 

appropriate microtiter wells. The plate was covered and incubated for three hours at 

room temperature. Then the liquid from each well was thoroughly aspirated or decanted. 

Afterwards the wells were washed four times. Then 100 jaL of biotinylated anti-IL-lB 

solution was added to all wells except the chromogen blank wells. The plate was tapped 

gently to ensure thorough mixing. The plate was then covered and incubated for one 

hour at room temperature. The liquid from each well was thoroughly aspirated and each 

well was washed four times. 100 |xL of streptavidin-HRP was added to each well except 

the chromogen blank and the plate was covered and incubated again for 30 minutes at 

room temperature. Each well was again thoroughly aspirated and washed four times. 

Then 100 |iL of stabilized chromogen was added to each well and the liquid in the wells 

turned blue. This was incubated for 30 minutes at room temperature, in the dark. After 

the final incubation, 100 |iL of stop solution was added to each well and the wells turned 

from blue to yellow. The plates were read at 450 nm (Vmax, Molecular Devices) having 

blanked the plate reader against a chromogen blank composed of 100 each of 



stabilized chromogen and stop solution. The plate was read within two hours of adding 

the stop solution. A standard curve was plotted and all the unknown samples were 

determined from the standard curve. 

Data Analysis 

Data were collected in notebooks and transferred to a Computer Spreadsheet Format 

(Excel for Windows). The summary results are represented as mean + standard error of 

the mean (SEM). Cytokine concentrations are expressed as pg/mL. Comparisons among 

the four groups were made with an ANOVA (Sigma-Stat 3.0). A Dunn's and Holm-

Sidak Post hoc test was performed (Sigma-Stat). A Chi squared test was performed to 

determine if the percentages in table 4.1 and 4.2 were significantly related (Sigma-Stat 

3.0). P < 0.05 was considered as statistically significant. 

RESULTS 

Patient Characteristics 

Table 4.1 summarizes the characteristics of the four groups of women studied. There was 

a significant difference of age in the D+CVD group compared to the D-CVD group 

(p<0.05). There was also a significant difference in body mass index (BMI) of the D-

CVD group compared to three other groups (p<0.01). There was no significant 

difference of the duration of diabetes between the two diabetic groups. The glycated 

hemoglobin (HbAic) was significantly greater in diabetic women without CVD compared 

to non-diabetic women with and without CVD (p<0.01). There are significantly more 
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patients with hypertension in the ND+CVD and D+CVD group compared to the ND-

CVD group. There was no significant difference in hj^ercholesteremia or percent of 

smokers among any of the groups. The various drug therapies that the patients were 

receiving are given in Table 4.2. There was no significant difference in the percentages 

of women taking HRT or statins among any of the groups. There was a significant 

difference in the percentages of women taking beta blockers, diuretics, ACE inhibitors, 

antioxidants, aspirin, and hypoglycemic agents. 

IL-6 Production. 

Figure 4.2 indicates that IL-6 concentration was graded. In comparison to non-diabetic 

women without cardiovascular disease, we found that IL-6 was significantly increased in 

diabetic women with cardiovascular disease (Fig. 2) (p<0.05). IL-6 in non-diabetic 

women without cardiovascular disease was 0.33 + 0.06. IL-6 in non-diabetic women 

with cardiovascular disease was 0.47 + 0.11. IL-6 in diabetic women without 

cardiovascular disease was 0.96 + 0.27. IL-6 was greatest in diabetic women with 

cardiovascular disease (1.41 + 0.48). 

TNF-a Production 

Figure 4.3 indicates that TNF-a also appeared to be graded. There was a trend toward 

increasing TNF-a production in diabetic women with cardiovascular disease to be greater 

than the other groups, but the increase did not reach statistical significance. In 

comparison to non-diabetic women without cardiovascular disease, we found that there 
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was a trend toward increasing of TNF-a in diabetic women with and diabetic women 

without cardiovascular disease. TNF-a in non-diabetic women without cardiovascular 

disease was 2.29 + 0.37. TNF-a in non-diabetic women with cardiovascular disease was 

2.33 + 0.89. TNF-a in diabetic women without cardiovascular disease was 3.93 + 0.53. 

TNF-a was greatest in diabetic women with cardiovascular disease (4.53 + 1.38). There 

was no statistical significance between any of the groups. 

IL-1P Activation 

Figure 4.4 indicates that there was not a graded response in IL-1 (5 for the four groups. 

There was no significance among any of the groups of women. IL-lp in non-diabetic 

women without cardiovascular disease was 0.15 + 0.05. IL-ip in non-diabetic women 

with cardiovascular disease was 0.08 + 0.08. IL-ip in diabetic women without 

cardiovascular disease was 0.25 + 0.09. IL-lp in diabetic women with cardiovascular 

disease was 0.22 + 0.14. 

DISCUSSION 

There are 17 million people in the United States who have diabetes and 95% of those 

have type 2 diabetes (1). The risk for cardiovascular disease (CVD) is 2 to 8 fold higher 

in people with diabetes than matched non-diabetic individuals (2). Diabetes mellitus is a 

much stronger risk factor for coronary heart disease (CHD) in women than in men. 

Diabetes is associated with a three to sevenfold elevation in CHD risk among women 
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compared with a two to threefold elevation among men (32). Howard et al. reported that 

the prevalence rate ratio for CHD in individuals with type 2 diabetes was 4.6 in women 

compared to 1.8 in men (35). According to the American Heart Association, 

cardiovascular disease was the number one cause of death in women in the year 2000. 

There were over 945,000 deaths from CVD in the United States. 53% of these deaths due 

to CVD were in women (12). It is apparent that there is a factor or combination of 

factors that causes women with diabetes to have more severe cardiovascular disease. 

It is known that inflammation mediates the formation of atherosclerotic plaques, which 

contributes to cardiovascular disease. Inflammation is now considered a cardiovascular 

risk factors and a recent study of predictors of cardiovascular risk ranks markers of 

inflammation as comparable to markers of cholesterol (102). The association of 

inflammation and diabetes is a topic of active research. Our laboratory has demonstrated 

that neutrophil activation and platelet-neutrophil interactions are increased in type 2 

diabetic men (264). Hokoma et al. reported diabetic rat hearts suffer excessive 

reperfusion injury following ischemia (276). An enhanced inflammatory response may 

contribute to the greater recurrence of myocardial infarction and ischemic heart failure in 

diabetes. In this study, we tested the hypothesis that a component of the inflammatory 

response, pro-inflammatory cytokines, was increased in CVD and further increased in 

diabetic women with CVD. There appears to be an additive effect of CVD and diabetes 

on the chronic concentrations of pro-inflammatory cytokines in women. We examined 

interleukin-6 (IL-6), interleukin-1 (IL-ip), and tumor necrosis factor (TNF-q) in women 
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with only CVD, women with only diabetes, and women with both diabetes and CVD, and 

then compared them to healthy age-matched controls. These pro-inflammatory cytokines 

appear to play an important role in the pathology of both diabetes and cardiovascular 

disease. Cytokines aggravate the development of atherosclerosis in CVD, while 

cytokines potentially cause insulin insensitivity in diabetes. We found trends towards 

increasing plasma cytokines and the incidence of CVD and diabetes. The association of 

plasma IL-6 was the most consistent and dramatic finding. Women with diabetes and 

CVD demonstrated a significant increase in plasma IL-6. This study also revealed an 

interesting pattern of IL-6 and TNF-a cytokine. Women with both diabetes and CVD 

had the highest concentration of these cytokines. Lower concentrations were observed in 

diabetic women without CVD, and women with only CVD, respectively. Finally, healthy 

age-matched controls had the lowest concentrations of IL-6 and TNF-a. This trend 

suggests that as women develop diabetes and cardiovascular disease, the inflammatory 

stimuli in the blood increases, which could then lead to more severe cardiovascular 

disease, including atherosclerosis. This could possibly be a result of hyperglycemia, but 

IL-6 concentrations did not correlate with HbAic. Alternatively, these data suggests the 

chronic inflammation underlies both CVD and diabetes. In this study, IL-ip did not 

differ significantly among any of the groups, suggesting that this cytokine may not be a 

key component in the cardiovascular disease process observed in diabetic women. 
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Inflammation in Diabetes and Cardiovascular Disease 

The metabolic events that occur during an inflammatory response to a pathogen also 

occur in certain disease processes, i.e. atherosclerosis and diabetes mellitus. These 

changes do not appear to have a beneficial purpose but rather contribute to the pathology 

of the disease. Hayden et al. hypothesized that type 2 diabetes mellitus is a vascular 

disease (atherosclerosis) and that NOS, NO, and redox stress, components of 

inflammation, play a causative role in type 2 diabetes, in turn causing atherosclerosis 

(104). Inflammation, in particular cytokines, plays a key role in atherosclerosis (133). In 

atherogenesis, endothelial dysfunction is an early step. Injury to the endothelium 

increases adhesion of leukocytes and platelets. The inflammatory response stimulates 

migration and proliferation of smooth-muscle cells. This forms an intermediate lesion. 

Chronic inflammation results in increased numbers of macrophages and lymphocytes. 

Activation of these cells leads to release of hydrolytic enzymes, cytokines, chemokines, 

and growth factors that cause more damage and then leads to focal necrosis. The lesion 

is then covered by a fibrous cap that overlies a core of lipid and necrotic tissue (133,278). 

Infiammation was also reported to be increased in type 2 diabetes. Esposito et al. 

reported that hyperglycemia acutely increased circulating IL-6 and TNF-a (279). 

Pradham et al. reported baseline IL-6 was increased in women who later developed type 

2 diabetes. The relative risk of fixture type 2 diabetes in women between the highest and 

lowest quartiles was 7.5 for interleukin-6. The results of this study support a role for 

inflammation in the development of diabetes (280). These acute phase reactants may 
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explain the clinical and biochemical features of type 2 diabetes and its complications. 

The increased cytokines in diabetes appear to originate from non-circulating cells (247) 

and the likely candidates are adipocytes and endothelial cells. If cytokines chronically 

circulate in diabetic patients, then there could be continuous aggravation of 

atherosclerosis causing more sites of atherosclerosis and acceleration of the progression 

of the lesions. Despite the apparent links between diabetes and cardiovascular disease, 

there are no reports focusing on the concentrations of cytokines in women with both 

diabetes and cardiovascular disease. 

Cytokines and Cardiovascular Disease 

Cytokine activity is implicated in various aspects of the pathogenesis in cardiovascular 

disease including atherosclerosis (218-220), acute myocardial infarction (221), 

congestive heart failure (222-226), myocarditis (222,224), and allograft rejection (227). 

Cardiovascular disease is characterized by a chronic low-level inflammatory process with 

increased circulating concentrations of pro-inflammatory cytokines (such as IL-6, TNF-

a,IL-lp)(133). 

Atherosclerosis and cytokines 

Our data demonstrates that patients with diabetes and CVD have increased IL-6. The 

pathogenesis of atherosclerosis involves many different cytokines, particularly the pro

inflammatory cytokines, IL-6, IL-ip, and TNF-a. Evidence that IL-6 plays an active role 

in cardiovascular disease is demonstrated in a study by Huber et al. This investigation 
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injected Apo-E-deficient mice with IL-6 or saline. Fatty streak lesions were 1.9-5.1 fold 

larger in the IL-6 treated mice compared to the saline treated mice, demonstrating that 

exogenously administered IL-6 significantly enhanced fatty lesion development in the 

atherosclerosis-prone, but not in the atherosclerosis-resistant animals. This suggests that 

IL-6 likely has an active role in the atherosclerosis disease process (192). It was also 

determined that there were large quantities of IL-6 found in human atherosclerotic 

plaques, typically in macrophage rich area (243). IL-lp was also observed in 

atherosclerotic lesions (218,219). 

In a study by Nicklin et al., mice in which the gene for IL-1 receptor antagonist was 

knocked out were examined. It was observed that there was a lethal arterial inflammation 

characterized by transmural infiltration of neutrophils, macrophages, and T lymphocytes. 

The lesions demonstrated the effects of IL-I on endothelial cells and smooth-muscle 

cells. The authors concluded that IL-1 receptor antagonist produced in healthy mice 

protects them from the effects of interleukin-1 (217). 

Interleukin-6 

In several studies, IL-6 was increased after acute myocardial infarctions and unstable 

angina (228-230). Studies by Tsutamoto et al. and Roig et al., demonstrated that IL-6 

was increased to 4.1 ± 0.6 pg/mL and 18 + 19 pg/mL, respectively, in patients with 

congestive heart failure compared with normal subjects (233,234). In the study by Roig 

et al., increased IL-6 was associated with lower ejection fraction and worse prognosis 
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(228). Suzuki et al. reported that patients with stable angina pectoris undergoing elective 

coronary angioplasty IL-6 was significantly increased one and six hours after the 

procedure (3.6 and 4.4-fold, respectively). These patients with increased IL-6 later 

presented with restenosis (241). IL-6 was also reported to be increased preoperatively 

(196) and after various cardiac surgeries including CABG and valvular surgery (235-

240). These studies demonstrate clear evidence that IL-6 is increased in response to 

various different cardiac diseases. These studies agree with our findings of increased IL-

6 in patients with different forms of CVD. In this study, we foimd that IL-6 was 

significantly increased in diabetic women with CVD in comparison to healthy age-

matched controls. We also found women with CVD only had an increase in IL-6 

production compared to healthy age-matched controls, but the data was not significant 

(Figure 4.2). This increased concentration of IL-6 observed in diabetic women with and 

without CVD could reflect the diabetogenesis. The even higher IL-6 concentrations 

observed in diabetic women with CVD could then represent an added risk factor of 

atherosclerosis. 

Tumor Necrosis Factor-alpha 

The literature on TNF-a found in various different cardiac disease states is conflicting. 

Both pro-inflammatory cytokines TNF-a and IL-ip are implicated in the pathogenesis of 

myocardial dysfunction in ischemia-reperfusion injury and chronic heart failure. In a 

study by Cain et al. it was demonstrated that TNF-a and IL-ip separately and 

synergistically decreased human myocardial function in a dose-dependent fashion. 
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affecting systolic more than diastolic function. Concentrations as low as 1.25 pg/mL of 

TNF-a decreased the force of myocardial development (231). Tsutamoto et al. and Roig 

et al. observed TNF-a to be increased in patients with congestive heart failure compared 

to control subjects (233,234). In contrast, Pannitteri et al. observed no significant rise of 

TNF-a in patients following an acute myocardial infarction and Nomura et al. found 

TNF-a did not increase preoperatively in a group of patients prior to vascular surgery 

(196,229). Regarding TNF-a we found this cytokine to be increased in patients with 

CVD only, diabetes only, and both CVD and diabetes in comparison to normal controls, 

but not significantly (Figure 4.3). This increase in TNF-a, agrees with some reports in 

the literature on TNF-a (233,234). The increase in TNF-a observed in diabetic women 

with CVD could be one of the mediators of atherogenesis. It could also be one of the 

contributors to the pathogenesis of diabetes itself. 

Interleukin-ip 

The literature on IL-1(3 found in various cardiac disease states is conflicting. It was 

demonstrated that IL-1(3 decreased the function of human myocardial trabeculae in a 

dose-dependent fashion, affecting systolic more than diastolic function (231). Nomura et 

al. found that IL-1 was increased preoperatively in a group of patients prior to vascular 

surgery (196), but Yazdani et al. found that IL-1 was not significantly different between 

stable and unstable angina (230). The result of IL-1 (3 in this study demonstrated that 

there was no significant difference among the four different groups that were studied; 
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CVD only, diabetes only, CVD and diabetes, and healthy age-matched controls (Figure 

4.4). The data on the role of IL-lp in diabetes and cardiovascular disease is less 

convincing. IL-ip may not be one of the cj^okines that is chronically increased in 

patients with diabetes and CVD, therefore not contributing to the increased severity of 

disease observed in diabetic women with CVD. 

Diabetes and cytokines 

It is understood that cytokines play a significant role in diabetes. There is evidence that 

inflammation is an initiating factor in insulin insensitivity and pro-inflammatory 

cytokines are the key linkage between inflammation and insulin insensitivity (211,244-

246). Our data demonstrated that type 2 diabetic women with CVD had increased 

concentrations of IL-6. Several studies reported an increase in circulating cj^okines in 

patients with diabetes (247,248). This increase in cytokine production could then lead to 

inappropriate metabolic effects causing arteriosclerosis. IL-6 and TNF-a were 

significantly increased in type 2 diabetic patients compared to normal subjects in a study 

by Pickup et al. The diabetic patients were observed to have higher body mass indices, 

glycated hemoglobin percentage (HbAic), and plasma total cholesterol and triglyceride 

concentration. Five of the twenty diabetic patients in this study had microvascular 

(including retinopathy and nephropathy) and/or macrovascular disease (including 

myocardial infarction, angina, peripheral vascular disease, or stroke) and there was no 

significant difference in comparison to diabetic patients without vascular disease (247). 
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In contrast, Mooradian et al. reported that diabetes mellitus was not associated with 

significant changes in serum TNF-a or IL-ip (249). 

Bastard et al. observed obese non-diabetic and diabetic patients with high insulin 

resistance had increased IL-6 and TNF-a in comparison to lean controls. IL-6, not TNF-

a, was found to be proportional to insulin resistance and blood glucose. Thus, severe 

diabetes is associated with increased IL-6. When the obese patients were placed on a 

very low-calorie diet (VLCD) for a three-week period, the IL-6 decreased significantly in 

both adipose tissue and serum. TNF-a however was unchanged. They found serum 

concentration of IL-6 and TNF-a were significantly correlated with BMI. The authors 

concluded that the circulating IL-6 possibly reflected adipose tissue production and 

insulin resistance (248). Vozarova et al. also reported that plasma IL-6 relates positively 

to adiposity and negatively to insulin sensitivity (250). A study by Kato et al. determined 

that IL-6 production was positively regulated by hyperglycemia (251). 

TNF-a has a complex relationship with diabetes. TNF-a exerts its action on insulin 

signaling and lipid metabolism by suppressing expression of the insulin sensitive glucose 

transporter GLUT-4, insulin receptor substrate-1 (IRS-1), and insulin receptor 

(245,252,253). This causes an excessive free fatty acids (FFA) flux from hypertrophied 

insulin-resistant adipocytes (245,252,253), This mechanism demonstrates a possible link 

between TNF-a, obesity, insulin resistance, and type 2 diabetes (211,244-246). It was 
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also demonstrated that incubating rat skeletal muscle cells with TNF-a results in 

significant impairment of insulin action (215). 

The population of women in this study have different demographics and are on different 

medications. Demographically, the BMI is significantly increased in diabetic women 

without cardiovascular disease. Adipose cells are reported to produce IL-6. Since the 

majority of patients with diabetes and cardiovascular disease are overweight, this is 

possibly one of the mechanisms by which diabetic patients have an increased production 

of this cytokine. It was reported that IL-6 correlates with BMI (248). We did not find 

IL-6 to correlate with BMI. Statins are known to reduce inflammation via decreasing 

cytokine concentrations (281). We found that the proportions of patient on statins are not 

significantly different among groups, making statins less likely to influence the result. 

We did find that when separating the patients on statins fi-om the patients not on statins, 

diabetic women without CVD not on statins did have significantly higher TNF-a 

compared to those on statins. 

Conclusion 

Diabetic patients have more severe atherosclerosis and a higher degree of 

morbidity/mortality associated with myocardial infarction, congestive heart failure, and 

other cardiovascular events (1,282). The etiology of this is unclear. Increased 

concentrations of TNF-a and IL-6 may affect the development of atherosclerosis, 

creating a more severe lesion. TNF-a and IL-6 may provide the link between 
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inflammation and insulin insensitivity. We hypothesized that pro-inflammatory 

conjugates (IL-6, TNF-a, and IL-ip) are increased in diabetic women with 

cardiovascular disease compared to non-diabetic women with cardiovascular disease. 

In conclusion, the findings of this study indicate that: 1.) diabetic women with 

cardiovascular disease have significantly increased IL-6 in comparison to age-matched 

controls, which indicates the potential additive effects of inflammation in these two 

disease processes, 2.) diabetic women with and without cardiovascular disease have 

increasing trend of TNF-a in comparison to age-matched controls, which also indicates 

the potential additive effects of inflammation in these two disease processes, and 3.) there 

was no correlation between diabetes or cardiovascular disease of IL-ip. Thus, the higher 

concentrations of IL-6 and TNF-a in women in the diabetic and cardiovascular disease 

conditions could work synergistically in comparison to women with cardiovascular 

disease only or diabetes only and could be a contributor to the more severe cardiovascular 

disease in this population. The increased circulating concentrations of both TNF-a and 

IL-6 could also negatively affect myocardial function. Therefore, a patient with these 

increased cytokines may have a worse prognosis after a myocardial infarction, angina ,or 

congestive heart failure. 



Table 4.1. Demographics of the Women. 

Patient Characteristics ND-CVD (n=24) ND+CVD (n=7) D-CVD fn=19> D+CVD fn=12^ 

Age (years) 58.5 + 1.7 63.1 ±5.0 54.5 ± 2.4 64.4 ± 2.9* 

Body Mass Index (kg/m^) 26.8 ± 1.0* 29.9 ±2.8* 37.7 ± 1.7 29.5 ±2.0* 

Duration of Diabetes (years) N/A N/A 8.9 ± 1.5 11.4 ±3.6 

HbAlc (%) 5.4 ±0.1* 5.2 ± 0.2* 8.2 ±0.4 6.9 ±0.5 

Hypertension (%)v|; 8% 86% 53% 69% 

Hypercholesteremia (%) 25% 57% 56% 54% 

Current Smoker (%) 0% 15% 11% 15% 

Prior Cardiovascular Events (%) 

Myocardial Infarctionv|/ 0% 29% 0% 62% 

Strokev}/ 0% 0% 0% 23% 

PTCAv|/ 0% 29% 0% 54% 

CABG 0% 14% 0% 15% 

*P<0.05 compared to D-CVD group 
**P<0.05 compared to ND-CVD group 
\(;The proportions are significantly related (P<0.05) 



Table 4.2. Distribution of medications in the women. 

Medication (%) ND-CVD fn=24^ ND+CVD fn=7) 

Beta Blockers\|; 0% 86% 

Diureticsv); 4% 29% 

Nitrates 4% 29% 

ACE Inhibitorsv); 4% 14% 

Positive Intropes 0% 14% 

Ca^^ Channel Blockers 0% 29% 

Aspirinx^/ 21% 100% 

Anti-coagulants 0% 0% 

Antioxidants v(/ 50% 43% 

Hypoglycemic Agentsv;/ 0% 0% 

Insulin 0% 0% 

Statins 13% 57% 

HRT 50% 71% 

\);The proportions are significantly related (P<0.05) 
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Figure 4.1. Representative standard curve for IL-6 concentration (IL-6 Ultrasensitive kit 

from Biosource International). The x-axis represents the concentration of IL-6 and the y-

axis represents the mean OD value. 
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*P<0.05 compared to ND-CVD group 

Figure 4.2. Summary of ELISA results of IL-6 for all women in the study. Comparison 

of non-diabetic women without cardiovascular disease (ND-CVD) versus non-diabetic 

women with cardiovascular disease (ND+CVD) versus diabetic women without 

cardiovascular disease (D-CVD) versus diabetic women with cardiovascular disease 

(D+CVD). The IL-6 production was significantly greater in diabetic women with 

cardiovascular disease in comparison to healthy age-matched controls (p<0.05). 
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Figure 4.3. Summary of ELISA results of TNF-a for all women in the study. 

Comparison of non-diabetic women without cardiovascular disease (ND-CVD) versus 

non-diabetic women with cardiovascular disease (ND+CVD) versus diabetic women 

without cardiovascular disease (D-CVD) versus diabetic women with cardiovascular 

disease (D+CVD). 
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Figure 4.4. Summary of ELISA results of IL-lp for all women in the study. 

Comparison of non-diabetic women without cardiovascular disease (ND-CVD) versus 

non-diabetic women with cardiovascular disease (ND+CVD) versus diabetic women 

without cardiovascular disease (D-CVD) versus diabetic women with cardiovascular 

disease (D+CVD). 



SUMMARY STATEMENT 

Diabetic patients are at an increased risk of cardiovascular disease, in particular diabetic 

women with cardiovascular disease have 3.8 fold increased risk of coronary heart disease 

compared to diabetic men. Diabetic patients also have more severe atherosclerosis and a 

higher degree of morbidity/mortality associated with myocardial infarction, congestive 

heart failure, and other cardiovascular events (1,282). One link between diabetes and 

cardiovascular disease is inflammation. Inflammation is now considered a risk factor for 

cardiovascular disease, comparable to the risk factor of cholesterol (101,102). Hayden et 

al. hypothesized that type 2 diabetes mellitus is a vascular disease (atherosclerosis) and 

that NOS, NO, and redox stress, components of inflammation, play a causative role in 

type 2 diabetes, in turn causing atherosclerosis (104). Biondi-Zoccai et al. reviews the 

role of inflammation in diabetes and atherothrombosis. They state diabetics have 

increased dyslipidemic abnormalities, increased oxidative stress, and increased 

prothrombotic abnormalities, all contributing to increased atherosclerosis and 

atherothrombosis (103). Vozarova et al. reported that a high white blood cell (WBC) 

count predicts the development of type 2 diabetes and a worsening of insulin action in 

Pima Indians (105). Studies by Thorand et al. and Barzilay et al. also found that low-

grade inflammation (in particular C-reactive protein) was associated with an increased 

risk of type 2 diabetes mellitus in middle-aged men and the elderly (106,107). Earl et al. 

reported that men and women with a higher WBC and sedimentation rate had a greater 

risk of developing diabetes (108). It is apparent that inflammation plays a significant role 

in diabetes and cardiovascular disease. 
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We hypothesize that there is a greater chronic inflammation in diabetic women with 

cardiovascular disease. Aim one was to test the hypothesis that neutrophil and platelet 

activation is increased in diabetic women with cardiovascular disease compared to non-

diabetic women with cardiovascular disease and diabetic men with cardiovascular 

disease. An increase in platelet and neutrophil activation in diabetic patients could 

contribute to the more severe cardiovascular disease in diabetic patients, particularly 

women. We did not find platelet and neutrophil activation to be increased in diabetic 

women compared to diabetic men, nor did we find neutrophil activation to be increased 

in diabetic women compared to non-diabetic women. We did find platelet expression of 

P-selectin to be increased in diabetic women with cardiovascular disease compared to 

diabetic women without cardiovascular disease. 
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Aim two was to test the hypothesis that platelet-neutrophil conjugates are increased in 

diabetic women with cardiovascular disease compared to non-diabetic women with 

cardiovascular disease and diabetic men with cardiovascular disease. We found that the 

baseline concentrations of platelet-neutrophil conjugates were not significantly different 

among any of the groups studied, however we did find an increased propensity for female 

blood to form conjugates in response to acute stimulation. 

Aim three was to test the hypothesis that pro-inflammatory cytokines (IL-6, TNF-a, and 

IL-ip) are increased in diabetic women with cardiovascular disease compared to non-

diabetic women with cardiovascular disease. We found diabetic women with 

cardiovascular disease have significantly increased IL-6 in comparison to age-matched 

controls, which indicates the potential additive effects of inflammation in these two 

disease processes. Diabetic women with and without cardiovascular disease also had 

increasing trend of TNF-a in comparison to age-matched controls, which also indicates 

the potential additive effects of inflammation in these two disease processes. 

The results indicate that excessive platelet activation in diabetic women with 

cardiovascular disease may contribute to the pathogenesis of thrombosis-induced 

ischemic events. Platelet-leukocyte adhesion (via P-selectin) may serve to recruit 

neutrophils and monocytes to sites of cardiovascular damage and thus promote the 

inflammatory response. Binding could cause neutrophil activation resulting in increased 
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free radical production. These results also suggest that one of the potential causes of the 

difference of severity of cardiovascular disease between diabetic men and diabetic 

women is the diabetic women's propensity to hyper-react to an acute ischemic stimulus 

and activate platelet-neutrophil conjugates more than that of diabetic men. The increased 

number of platelet-neutrophil conjugates may localize both cell types in the 

microcirculation causing obstruction and ROS release. In addition, the complex 

activation of each of the cells by the other could occur creating a positive feed back loop 

of increased inflammatory activation. The increased concentrations of IL-6 and TNF-a 

in women as a result of diabetes and as a result of cardiovascular disease could be a 

contributor to the more severe cardiovascular disease in this population. This increase in 

inflammation may then possibly increase the severity of thrombosis and cardiovascular 

disease. This information would initiate the development of a model of inflammatory 

activation in diabetic patients and may lead to more effective treatments of the 

inflammatory response. 



158 

REFERENCES 

1. American Diabetes Association, www.diabetes.org. 

2. Howard BV, Rodriguez BL, Bennett PH, Harris MI, Hamman R, Kuller LH, 
Pearson TA, Wylie-Rosett J. Prevention conference VI: diabetes and 
cardiovascular disease: writing group I: epidemiology. Circulation 
2002;105:el32-el37. 

3. Harris MI, Flegal KM, Cowie CC, Eberhardt MS, Goldstein DE, Little RR, 
Wiedmeyer H-M, Byrd-Holt DD. Prevalence of diabetes, impaited fasting 
glucose, and impaired glucose tolerance in U.S. adults. Diabetes Care 
1998;21:518-24. 

4. Harris, Maureen I.; Cowie, Catherine C.; Stem, Michael P., et al., Editors. 
Diabetes in America. 2nd ed.: NIH, NIDDKD, Publication No. 95-1468; 1995. 
pp.1-733. 

5. Flegal K, Carroll M, Kuczmarski R, Johnson CL. Overweight and obesity in the 
United States: prevalence and trends, 1960-1994. International Journal of Obesity 
1998;22:39-47. 

6. Kannel WB, McDee D. Diabetes and cardiovascular risk factors: the Framingham 
study. Circulation 1979;59:8-13. 

7. Fuller JH. Coronary-heart-disease risk and impaired glucose tolerance. Lancet 
1980;1:1373-6. 

8. Kleinman JC, Donahue RP, Harris MI, Finucane FF, Madans JH, Brock DB. 
Mortality among diabetics in a national sample. Am J Epidemil 1998;128:389-
401. 

9. Rosengren A, Welin L, Tsipogianni A, Wilhelmsen L. Impact of cardiovascular 
risk factors on coronary heart disease and mortality among middle aged diabetic 
men: a general population study. BMJ 1989;299:1127-31. 

10. Kannel WB, McGee DL. Diabetes and glucose tolerance as risk factors for 
cardiovascular disease: the framingham study. Diabetes Care 1979;2:120-6. 

11. Barrett-Connor E, Wingard DL. Sex differential in ischemic heart disease 
mortality in diabetics; a prospective populaiton-based study. Am J Epidemiol 
1983;118:489-96. 

12. American Heart Association. Heart Disease and Stroke statistics - 2003 update. 

http://www.diabetes.org


159 

2003. 

13. Burden M. Diabetes-associated cardiovascular risk factors. Nursing Standard 
2001;15:45-52, 54-5. 

14. Brownlee M. Advanced protein glycosylation in diabetes and aging. Annu Rev 
Med 1995;46:223-34. 

15. Haffner SM, Lehto S, Ronnemaa T, Pyorala K, Laakso M. Mortality from 
coronary heart disease in subjects with type 2 diabetes and in nondiabetic subjects 
with and without prior myocardial infarction. N Engl J Med 1998;339:229-34. 

16. Sowers JR. Diabetes mellitus and cardiovascular disease in women. Arch Intern 
Med 1998;158:617-21. 

17. Garcia MJ, McNamara P, Gordon T, Kannell WB. Morbidity and mortality in 
diabetics in the framingham population. Diabetes 1974;23:105-11. 

18. Kuller LH, Velentgas P, Barzilay J, Beauchamp NJ, O'Leary DH, Savage PJ. 
Diabetes mellitus: subclinical cardiovascualr disease and risk of incident 
cardiovascular disease and all-cause mortality. Arterioscler Thromb Vase Biol 
2000;20:823-9. 

19. Bierman EL. Atherogenesis in diabetes. Arterioscler Thromb 1992;12:647-56. 

20. Aoki I, Shimoyama K, Aoki N, Homori M, Yanagisawa A, Nakahara K, Kawai 
Y, Kitamura S, Ishikawa K. Platelet-dependent thrombin generation in patients 
with diabetes mellitus: effects of glycemic control on coagulability in diabetes. J 
Am Coll Cardiol 1996;27:560-6. 

21. Zhang J, Ren S, Sun D, Shen GX. Influence of glycation on LDL-induced 
generation of fibrinolytic regulators in vascular endothelial cells. Arteriosclerosis, 
Thrombosis, and Vascular Biology 1998; 18:1140-8. 

22. Elezi S, Kastrati A, Pache J, Wehinger A, Hadamitzky M, Dirschinger J, 
Neumann F-J, Schomig A. Diabetes mellitus and the clinical and angiographic 
outcome after coronary stent placement. J Am Coll Cardiol 1998;32:1866-73. 

23. Iribarren C, Karter AJ, Go AS, Ferrara A, Liu JY, Sidney S, Selby JV. Glycemic 
control and heart failure among adult patients with diabetes. Circulation 
2001;103:2668. 

24. Wolfe ML, Iqbal N, Gefter W, Mohler ERI, Rader DJ, Reilly MP. Coronary 
artery calcification at electron bean computed tomography is increased in 
asymptomatic type 2 diabetics independent of traditional risk factors. J 



160 

Cardiovasc Risk 2002;9:369-76. 

25. Devereux RB, Roman MJ, Paranicas M, O'Grady MJ, Lee ET, Welty TK, Fabsitz 
RR, Robbins D, Rhoades ER, Howard BV. Impact of diabetes on cardiac structure 
and function: the strong heart study. Circulation 2000; 101:2271-6. 

26. McGuire DK, Granger CB. Diabetes and ischemic heart disease. Am Heart J 
1999;138:S366-75. 

27. Laakso M, Lehto S, Penttila I, Pyorala K. Lipids and lipoproteins predicting 
coronary heart disease mortality and morbidity in patients with non-insulin-
dependent diabetes. Circulation 1993;88:1421-30. 

28. Syvanne M, Taskinen M-R. Lipids and lipoproteins as coronary risk factors in 
non-insulin-dependent diabetes mellitus. Lancet 1997;350 (suppl l);20-3. 

29. Davi G, Catalano I, Avema M, Notarbartolo A, Strano A, Ciabattoni G, Patrono 
C. Thromboxane biosynthesis and platelet function in type II diabetes mellitus. N 
Engl J Med 1990;322:1769-74. 

30. Endler G, Klimesch A, Sunder-Plassmann H, Schillinger M, Exner M, 
Marmhalter C, Jordanova N, Christ G, Thalhammer R, Huber K, et al. Mean 
platelet volume is an independent risk factor for myocardial infarction but not for 
coronary artery disease. Brit J Haematol 2001;117:399-404. 

31. Kannel WB, DAgostino RB, Willson PWF, Belanger AJ, Gagnon DR. Diabetes, 
fibrinogen, and risk of cardiovascular disease: The Framingham experience. Am 
Heart J 1990;120:672-6. 

32. Mosca L, Manson JE, Suthterland SE, Langer RD, Manolio T, Barrett-Cormor E. 
Cardiovascular disease in women: a statement for healthcare professionals from 
the american heart association. Circulation 1997;96:2468-82. 

33. Special Writing Group, Eaker ED, Chesebro JH, Sacks FM, Wenger NK, 
Whisnant JP, Winston M. Special report: cardiovascular disease in women. 
Circulation 1993;88:1999-2009. 

34. Manson, JE; Spelsberg, A. Risk modification in the diabetic patient. New 
York,NY: Oxford University; 1996. 

35. Howard BV, Lee ET, Cowan LD, Fabsitz RR, Howard WmJ, Oopik AJ, Robbins 
DC, Savage PJ, Yeh JL, Welty TK. Coronary heart disease prevalence and its 
relation to risk factors in American Indians. Am J Epidemiol 1995;142:254-68. 

36. Howard BV, Cowan LD, Go O, Welty TK, Robbins DC, Lee ET. Adverse effects 



161 

of diabetes on multiple cardiovascular disease risk factors in women. Diabetes 
Care 1998;21:1258-65. 

37. Williams, Robert H. Larsen, P. R., editor. Williams Textbook of Endocrinology. 
10th ed. Philadelpha, PA: Saunders; c2003. 

38. Colditz GA, Willett WC, Stampfer MJ, Rosner B, Speizer FE, Hennekens CH. 
Menopause and the risk of coronary heart disease in women. N Engl J Med 
1987;316:1105-10. 

39. Oliver MP. Effect of bilateral ovariectomy on coronary-artery disease and serum-
lipid levels. Lancet 1959;2:690-4. 

40. Gordon T, Kannel WB, Hjortland MC. Menopause and coronary heart disease. 
Annals of Internal Medicine 1978;89:157-61. 

41. Dwyer KM, Nordstrom CK, Bairey Merz CN, Dwyer JH. Carotid wall thickness 
and years since bilateral oophorectomy; the Los Angeles atherosclerosis study. 
Am J Epidomiol 2002;156:438-44. 

42. Manolio TA, Furberg CD, Shemanski L, Psaty BM, O'Leary DH, Tracy RP, Bush 
TL. Associations of postmenopausal estrogen use with cardiovascular disease and 
its risk factors in older women. Circulation 1993;88:2163-71. 

43. Haarbo J, Marslew U, Gotfredsen A, Christiansen C. Postmenopausal hormone 
replacement therapy prevents central distribution of body fat after menopause. 
Metabolism 1991;12:1323-6. 

44. Kritz-Silverstein D, Barrett-Connor E. Long-term postmenopausal hormone use, 
obesity, and fat distribution in older women. JAMA 1996;275:46-9. 

45. The Writing Group for the PEPI Trial. Effects of estrogen or estrogen/progestin 
regimens on heart disease risk factors in postmenopausal women. JAMA 
1995;273:199-208. 

46. Nabulsi AA, Folsom AR, White A, Patsch W, Heiss G, Wu KKSM. Association 
of hormone-replacement therapy with various cardiovascular risk factors in 
postmenopausal women. N Engl J Med 1993;328:1069-75. 

47. Vaziri SM, Evans JC, Larson MG, Wilson PWF. The impact of female hormone 
usage on the lipid profile. Arch Intern Med 1993;153:2200-6. 

48. Phillips P. Diabetes and the menopause. Special considerations. Aust Fam 
Physician 1998;27:59-63. 

49. Golden SH, Maguire A, Jingzhong CJR, Cauley JA, Zacur H, Szklo M. 



162 

Endogenous postmenopausal hormones and carotid atherosclerosis: a case-control 
study of the atherosclerosis risk in communities cohort. Am J Epidemiol 
2002;155;437-45. 

50. Koh KK, Mincemoyer R, Bui MN, Csako G, Pucino F, Guetta V, Waclawiw M, 
Connon III RO. Effects of hormone-replacement therapy on fibrinolysis in 
postmenopausal women. N Engl J Med 1997;336:683-90. 

51. Applebaum-Bowden D, McLean P, Steinmetz A, Fontana D, Matthys C, wamick 
GR, Cheung M, Albers JJ, Hazzard W.R. Lipoprotein, apolipoprotein, and liplytic 
enzyme changes following estrogen adminsitration in postmenopausal women. 
Journal of Lipid Research 1989;30:1896-906. 

52. Walsh BW, Schiff I, Rosner B, Greenberg L, Ravnikar V, Sacks FM. Effects of 
postmenopausal estrogen replacement on the concentrations and metabolism of 
plasma lipoproteins. N Engl J Med 1991 ;325:1196-204. 

53. Mosca L, Peter C, David H, Mendelsohn ME, Pasternak RC, robertson RM, 
Schenck-Gustafsson K, Smith SCJ, Taubert K, Wenger NK. Hormone 
replacement therapy and cardiovascualr disease: a statement for health care 
professionals from the American Heart Association. Circulation 2001;104:499-
503. 

54. Mendelsohn ME, Karas RH. The protective effects of estrogen on the 
cardiovascular system. New Engl J Med 1999;340:1801-11. 

55. Contreras 1, Parra D. Estrogen replacement therapy and the prevention of 
coronary heart disease in postmenopausal women. AJHP 2000;57:1963-71. 

56. Karmel WB. Metabolic risk factors for coronary heart disease in women: 
perspective from the Framingham study. Am Heart J 1997;114:413-9. 

57. Denke MA. Lipids, estrogen status, and coronary heart disease risk in women. 
Med Sci Sports Exer 1996;28:13-4. 

58. Davidson MH, Maki KC, Marx P, Maki AC, Cyrowski MS, Nanavati N, Arce J-
C. Effects of continuous estrogen and estrogen-progestin replacement regimens 
on cardiovascular risk markers in postmenopausal women. Arch Intern Med 
2000;160:3315-25. 

59. Hulley S, Grady D, Bush T, Furberg C, Herrington D, Riggs B, Vittinghoff E. 
Randomized trial of estrogen plus progestin for secondary prevention of coronary 
heart disease in postmenopausal women. JAMA 1998;280:605-13. 

60. Barrett-Connor E, Laakso M. Ischemic heart disease risk in postmenopausal 



163 

women: effects of estrogen use on glucose and insulin levels. Arteriosclerosis 
1990;10:531-4. 

61. Godsland IF, Gangar K, Walton C, Cust MP, Whitehead MI, Wynn V, Stevenson 
JC. Insulin resistance, secretion, and elimination in postmenopausal women 
receiving oral or transdermal hormone replacement therapy. Metabolism 
1993;42:846-53. 

62. Salomaa V, Rasi V, Pekkanen J, Vahtera E, Jauhiainen M, Vartiainen E, Ehnholm 
C, Tuomilehto J, Myllyla G. Association of hormone replacement therapy with 
hemostatic and other cardiovascular risk factors: the FINRISK hemostasis study. 
Arterioscler Thromb Vase Biol 1995;15:1549-55. 

63. Rosano GMC, Chierchia SL, Leonardo F, Beale CM, Collins P. Cardioprotective 
effects of ovarian hormones. Eur Heart J 1996;17:15-9. 

64. Kannel WB, Wolf PA, Castelli WP, D'Agostino RB. Fibrinogen and risk of 
cardiovascular disease. JAMA 1987;258:1183-6. 

65. van Baal WM, Kenemans P, Emeis JJ, Schalkwijk CG, Mijatovic V, van der 
Mooren MJ, Vischer UM, Stehouwer CD A. Long-term effects of combined 
hormone replacement therapy on markers of endothelial function and 
inflammatory activity in healthy postmenopausal women. Fertil Steril 
1999;71:663-70. 

66. Lobo RA. Cardiovascular implications of estrogen replacement therapy. Obstet 
Gynecol 1990;75:18S-25S. 

67. Reis SE, Gloth ST, Blumenthal RS, Resar JR, Zacur HA, Gerstenblith G, Brinker 
JA. Unstable plaques, endothelial dysfunction, and coronary artery thrombosis: 
ethinyl estradiol acutely attenuates abnormal coronary vasomotor responses to 
acetylcholine in postmenopausal women. Circulation 1994;89:52-60. 

68. Angerer P, Kothny W, Stork S, von Schacky C. Hormone replacement therapy 
and distensibility of carotid arteries in postmenopausal women: a randomized, 
controlled trial. J Am Coll Cardiol 2000;36:1789-96. 

69. Adams MR, Clarkson TB, Kaplan JR, Koritnik DR. Experimental evidence in 
monkeys for beneficial effects of estrogen on coronary artery atherosclerosis. 
Transplantation Proceedings 1989;21:3662-4. 

70. Sullivan TR, Karas RH, Aronovitz M, Faller GT, Ziar JP, Smith JJ, O'Donnell 
TF, Mendelsohn ME. Estrogen inhibits the response-to-injury in a mouse carotid 
artery model. J Clin Invest 1995;96:2482-8. 



164 

71. Chen S-J, Li H, Durand J, Oparil S, Chen Y-F. Estrogen reduces myointimal 
proliferation after balloon injiuy of rat carotid artery. Circulation 1996;93:577-84. 

72. Orimo A, Inoue S, Ikegami A, Hosoi T, Akishita M, Ouchi Y, Muramatsu M, 
Orimo H. Vascular smooth muscle cells as a target for estrogen. Biochem 
Biophys Res Comm 1993;195:730-6. 

73. Zanger D, Yang BK, Ardans J, Waclawiw MA, Csako G, Wahl LM, Carmon III 
RO. Divergent effects of hormone therapy on serum markers of inflammation in 
postmenopausal women with comary artery disease on appropriate medical 
menagement. J Am Coll Cardiol 2000;36:1797-802. 

74. Bush XL. Evidence for primary and secondary prevention of coronary artery 
disease in women taking oestrogen replacement therapy. Eur Heart J 1996; 17:9-
14. 

75. Bodel P, Dillard GM Jr., Kaplan SS, Malawista SE. Anti-inflammatory effects of 
estradiol on human blood leukocytes. J Lab Clin Med 1972;80:373-84. 

76. Rosenson RS, Tangney CC, Mosca LJ. Hormone replacement therapy improves 
cardiovascular risk by lowering plasma viscosity in postmenopausal women. 
Arterioscler Thromb Vase Biol 1998;18:1902-5. 

77. sudoh N, Toba K, Akishita M, Ako J, Hashimoto M, lijima K, Kim s, Liang Y-Q, 
Ohike Y, Watanabe T, et al. Estrogen prevents oxidative stess-induced endothelial 
cell apoptosis in rats. Circulation 2001;103:724-9. 

78. Grady D, Rubin SM, Petiti DB, Fox CS, Black D, Ettinger B , Emster VL, 
Cummings SR. Hormone therapy to prevent disease and prolong life in 
postmenopausal women. Arm Intern Med 1992;117:1016-37. 

79. Barrett-Cormor E, Grady D. Hormone replacement therapy, heart disease, and 
other considerations. Annu Rev Public Health 1998;19:55-72. 

80. Stampfer MJ, Colditz GA. Estrogen replacement therapy and coronary heart 
disease: A quantitative assessment of the epidemiologic evidence. Preventive 
Medicine 1991;20:47-63. 

81. de Kleijn MJJ, van der Schouw YT, Verbeek ALM, Peeters PHM, Banga J-D, van 
der Graaf Y. Endogenous estrogen exposure and cardiovascular mortality risk in 
postmenopausal women. Am J Epidemiol 2002;155:339-45. 

82. Matthews KA, Kuller LH, Wing RR, Meilahn EN, Plantinga P. Prior to use of 
estrogen replacement therapy, are users healthier than nonusers? Am J Epidemiol 
1996;143:971-8. 



165 

83. Grodstein F, Manson JE, Stampfer MJ. Postmenopausal hormone use and 
secondary prevention of coronary events in the nurses' health study. Annals of 
Internal Medicine 2001; 13 5:1 -8. 

84. Stampfer MJ, Colditz GA, Willett WC, Manson JE, Rosner B, Speizer FE, 
Hermekens CH. Postmenopausal estrogen therapy and cardiovascular disease, ten-
year follow-up form the nurses' health study. N Engl J Med 1991;325:756-62. 

85. Wenger NK, Knatterud GL, Canner PL. Early risks of hormone therapy in 
patients with coronary heart disease. JAMA 2000;284:41-3. 

86. Writing Group for the Women's Health Initiative Investigators. Risks and benefits 
of estrogen plus progestin in healthy postmenopausal women. Principle results 
from the women's health initiative randomized controlled trial. JAMA 
2002;288:321-33. 

87. Abramson BL. Postmenopausal hormone replacement therapy and the prevention 
of cardiovascular disease: a review. J Cardiovasc Risk 2002;9:309-14. 

88. Herrington DM, Reboussin DM, Brosnihan KB, Sharp PC, Shumaker SA, Snyder 
TE, Furberg CD, Kowalchuk GJ, Stuckey TD, Roger WJ, et al. Effects of 
estrogen replacement on the progression of coronary-artery atherosclerosis. N 
Engl J Med 2000;343:522-9. 

89. Angerer P, Stork S, Kothny W, Schmitt P, von Schacky C. Effect of oral 
postmenopausal hormone replacement on progression of atherosclerosis. A 
randomized, controlled trial. Arterioscler Thromb Vase Biol 2001;21:262-8. 

90. O'Leary DH, Polak JF, Kronmal RA, Manolio TA, Burke GL, Wolfson JrSK. 
Carotid-artery intima and media thickness as a risk factor for myocardial 
infarction and stroke in older adults. N Engl J Med 1999;340:14-22. 

91. Burke GL, Evans GW, Riley WA, Sharrett AR, Howard G, Barnes RW, 
Rosamond W, Crow RS, Rautaharju P, Heiss G. Arterial wall thickness is 
associated with prevalent cardiovascular disease in middle-aged adults: the 
atherosclerosis risk in communities (ARIC) study. Stroke 1995;26:386-91. 

92. Roo GWdV, Stehouwer CD, Meijer P, Mijatovic V, Kluft C, Kenemans P, Cohen 
F, Watts S, Netelenbos C. Both raloxifene and estrogen reduce major 
cardiovascular risk factors in healthy postmenopausal women: a 2-year, placebo-
controlled study. Arterioscler Thromb Vase Biol 1999;19:2993-3000. 

93. Manson JE, Colditz GA, Stampfer MJ, Willett WC, Krolewski AS, Rosner B, 
Arky RA, Speizer FE, Hennekens CH. A prospective study of maturity-onset 
diabetes mellitus and risk of coronary heart disease and stroke in women. Arch 



166 

Intern Med 1991;151:1141-7. 

94. Feher M. Is hormone repacement therapy prescribed for postmenopausal diabetic 
women? Br J Clin Pract 1996;50:431-2. 

95. Luotola H, Pyorala T, Loikanen M. Effects of natural oestrogen/progestogen 
substitution therapy on carbohydrate and lipid metabolism in post-menopausal 
women. Maturitas 1986;8:245-53. 

96. Feher MD, Levy A, Mayne P, Lant AF. Short term blood pressure and metabolic 
effects of tibolone in postmenopausal women with non-insulin dependent 
diabetes. Br J Obstet Gynaecol 1996;103:281-3. 

97. Brussaard HE, Leuven JAG, Frolich M, Kluft C, Krans HMJ. Short-term 
oestrogen replacement therapy improves insulin resistance, lipids and fibrinolysis 
in postmenopausal women with NIDDM. Diabetologia 1997;40:843-9. 

98. Andersson B, Mattsson L, Hahn L, Mlrin P, Lapidus L, Holm G, Bengtsson B, 
Bjomtorp P. Estrogen replacement therapy decreases hyperandrogenicity and 
improves glucose homeostasis and plasma lipids in postmenopausal women with 
noninsulin-dependent diabetes mellitus. J Clin Endocrinol Metab 1997;82:638-43. 

99. Espeland MA, Hogan PE, Fineberg SE, Howard G, Schrott H, Waclawiw MA, 
Bush TL. Effect of postmenopausal hormone therapy on glucose and insulin 
concentrations. Diabetes Care 1998;21:1589-95. 

100. Robinson JG, Folsom AR, Nabulsi AA, Watson R, Brancati FL, Cai J. Can 
postmenopausal hormone replacement improve plasma lipids in women with 
diabetes. Diabetes Care 1996;19:480-5. 

101. Libby P, Ridker PM, Maseri A. Inflammation and atherosclerosis. Circulation 
2002;105:1135-43. 

102. Libby P. Atherosclerosis: the new view. Sci Am 2002;May:47-55. 

103. Biondi-Zoccai GGL, Abbate A, Liuzzo G, Biasucci LM. Atherothrombosis, 
inflammation, and diabetes. J Am Coll Cardiol 2003;41;1071-7. 

104. Hayden RM, Tyagi SC. Is type 2 diabetes mellitus a vascular disease 
(ATHEROSCLEROPATHY) with hyperglycemia a late manifestation? The role 
of NOS, NO, and redox stress. Cardiovascular Diabetology 
2003 ;http://www.cardiab.com/content/2/l /2. 

105. Vozarova B, Weyer C, Linsay RS, Pratley RE, Pratley RE, Bogardus C, Tataranni 
PA. High white blood cell count is associated with a worsening of insulin 



167 

sensitivity and predicts the development of type 2 diabetes. Diabetes 
2002;51:455-61. 

106. Thorand B, Lowel h, Schneider A, Kolb H, Meisinger C, Frohlich M, Koenig W. 
C-reactive protein as a predictor for incident diabetes mellitus among middle-aged 
men. Arch Intern Med 2003;163:93-9. 

107. Barzilay JI, Abraham L, Heckbert SR, Cushman M, Kuller LH, Resnick HE, 
Tracy RP. The relation of markers of inflammation to the development of glucose 
disorders in the elderly: the cardiovascular health study. Diabetes 2001 ;50:2384-
90. 

108. Ford ES. Leukocyte count, erythrocyte sedimentation rate, and diabetes incidence 
in a national sample of US adults. American Journal of Epidemology 2002; 
155:57-64. 

109. Eckel RH, Wassef M, Chait A, Sobel B, Barrett E, King G, Lopes-Virella M, 
Reusch J, Ruderman N, Steiner G, et al. Prevention conference VI: diabetes and 
cardiovascular disease: writing group II: pathogenesis of atherosclerosis in 
diabetes. Circulation 2002;105:el38-el43. 

110. Vlassara H, Bucala. Richard, Striker L. Pathogenic effects of advanced 
glycosylation: biochemical, biologic, and clinical implications for diabetes and 
aging. Laboratory Investigation 1994;70:138-51. 

111. Ribau JCO, Hadcock SJ, TeohK, DeReske M, Richardson M. Endothelial 
adhesion molecule expression is enhanced in the aorta and internal mammary 
artery of diabetics patients. J Surg Res 1999;85:225-33. 

112. Schmidt AM, Crandall J, Hori O, Cao R, Lakatta E. Elevated plasma levels of 
vascular cell adhesion molecule-1 (VCAM-1) in diabetic patients with 
microalbuminuria: a marker of vascular dysfunction and progressive vascualr 
disease. Br J Haematol 1996;92:747-50. 

113. Nomura S, Suzuki M, Katsura K, Xie GL, Miyazaki Y, Miyake T, Kido H, 
Kagawa H, Fukuhara S. Platelet-derived microparticles may influence the 
development of atherosclerosis in diabetes mellitus. Atherosclerosis 
1995;116:235-40. 

114. Ernst E, Hammerschmidt DE, Bagge U, Matrai A, Dormandy JA. Leukocytes and 
the risk of ischemic diseases. JAMA 1987;257:2318-24. 

115. Fuster V. Lewis A. Coimer Memorial Lecture. Mechanisms leading to 
myocardial infarction: insights from studies of vascular biology . Circulation 
1994;90:2126-46. 



168 

116. Do Lee C, Folsom AR, Nieto FJ, Chambless LE, Shahar E, Wolfe DA. White 
blood cell count and incidence of coronary heart disease and ischemic stroke and 
mortality fom cardiovascular disease in african-american and white men and 
women: atherosclerosis risk in communities study. Am J Epidemiol 
2001;154:758-64. 

117. Smedly LA, Toimesen MG, Sandhaus RA, Haslett C, Guthrie LA, Johnston RB, 
Henson PM, Worthen GS. Neutrophil-mediated injury to endothelial cells. J Clin 
Invest 1986;77:1233-43. 

118. Weiss SJ. Tissue destruction by neutrophils. N Engl J Med 1989;320:365-76. 

119. Gallin, John L; Snyderman, Ralph, Editors. Inflammation. Basic Principles and 
Clinical Correlates. Third ed. Fearon, Douglas T.; Haynes, Barton F.; Nathan, 
Carl, Associate Editors. New York, NY: Lippincott Williams & Wilkins; 1999. 
pp. 1-1335. 

120. Okouchi M, Okayama N, Imai S, Omi H, Shimizu M, Fukutomi T, Itoh M. High 
insulin enhances neutrophil transendothelial migration through increasing surface 
expression of platelet endothelial cell adhesion molecule-1 via activation of 
mitogen activated protein kinase. Diabetologia 2002;45:1449-56. 

121. Salas A, Panes Juli^, Elizalde JI, Casadevall M, Anderson DC, Granger DN, 
Pique JM. Mechanisms responsible for enhanced inflammatory response to 
ischemia-reperfusion in diabetes. Am J Physiol 1998;275:H1773-H1781. 

122. McManus LM, Bloodworth RC, Prihoda TJ, Blodgett JL, Pinckard RN. Agonist-
dependent failure of neutrophil fucntion in diabetes correlates with extent of 
hyperglycemia. J Leuk Biol 2001;70:395-404. 

123. Collison KS , Parhar RS, Saleh SS, Meyer BF, Kwaasi AA, Hammami MM, 
Schmidt AM, Stem DM, Al-Mohanna F. RAGE-mediated neutrophil dysfunction 
is evoked by advanced glycated end products (AGEs). J Leuk Biol 2002;71:433-
44. 

124. Wong RKM, Pettit AI, Davies JE, Ng LL. Augmentation of the neutrophil 
respiratory burst through the action of advanced glycation end products. Diabetes 
2002;51:2846-53. 

125. Mohanty P, Hamouda W, Garg R, Aljada A, Ghanim H, Dandona P . Glucose 
challenge stimulates reactive oxygen species (ROS) generation by leucocytes. J 
Clin Endocrinol Metabol 2000;85:2970-3. 

126. Yasunari K, Maeda K, Nakamura M, Yoshikawa J. Oxidative stress in leukocytes 
is a possible link between blood pressure, blood glucose, and C-reacting protein. 



169 

Hypertension 2002;39:777-80. 

127. Sampson MJ, Davies IR, Brown JC, Ivory K, Hughes DA. Monocyte and 
neutrophil adhesion molecule expression during acute hyperglycemia and after 
antioxidant treatment in type 2 diabetes and control patients. Arterioscler Thromb 
Vase Biol 2002;22:1187-93. 

128. Hu H, Hjemdahl P, Li N. Effects of insulin on platelet and leukocyte activity in 
whole blood. Thromb Res 2002;107:209-15. 

129. Hamberg M, Svensson J, Samuelsson B. Thromboxanes: a new group of 
biologically active compounds derived from prostaglandin endoperoxides. Proc 
Nat Acad Sci USA 1975;72:2994-8. 

130. McEver RP. Leukocyte interactions mediated by selectins. Thrombosis and 
Haemostasis 1991;66:80-7. 

131. Aziz KA, Cawley JC, Treweeke AT, Zuzel M. Sequential potentiation and 
inhibition of PMN reactivity by maximally stimulated platelets. J Leukoc Biol 
1997;61:322-8. 

132. Neiimann F-J, Marx N, Gawaz M, Brand K, Ott 1, Rokitta C, Sticherling C, Meinl 
C, May A, Schomig A. Induction of cytokine expression in leukocytes by binding 
of thrombin-stimulated platelets. Circulation 1997;95:2387-94. 

133. Ross R. Atherosclerosis - an inflammatory disease. The New England Journal of 
Medicine 1999;340:115-26. 

134. Dickfeld T, Lengyel E, May AE, Massberg S, Brand K, Page S, Thielen C, 
Langenbrink K, Gawaz M. Transient interaction of activated platelets with 
endothelial cells induces expression of monocyte-chemoattractant protein-1 via a 
p38 mitogen-activated protein kinase mediated pathway: Implications for 
atherogenesis. Cardiovasc Res 2001;49:189-99. 

135. Vinik A, Erbas T, Park TS, Nolan R, Pittenger GL. Platelet dysfunction in type 2 
diabetes. Diabetes Care 2001;8:1476-85. 

136. Tschoepe D, Roesen P, Schwippert B, Gries FA. Platelets in diabetes: the role in 
the hemostatic regulation in atherosclerosis. Seminars in Thrombosis and 
Hemostasis 1993;19:122-8. 

137. Gresele P, Guglielmini G, De Angelis M, Ciferri S, Ciofetta M, Falcinelli E, Lalli 
C, Ciabattoni G, Davi G, Bolli GB. Acute, short-term hyperglycemia enhances 
shear stress-induced platelet activation in patients with type II diabetes mellitus. J 
Am Coll Cardiol 2003;41:1013-20. 



170 

138. Femandes LS, Tcheng JE, O'Shea C, Weiner B, Lorenz TJ, Pacchiana C, Berdan 
LG, Maresh KJ, Joseph D , Madan M, et al. Is glycoprotein Ilb/IIIa antagonism as 
effective in women as in men following percutaneous coronary intervention? J 
Am Coll Cardiol 2002;40:1085-91. 

139. Labinaz M, Madan M, O'Shea C, Kilaru R, Chin W, Pieper K, McGuire DK, 
Saucedo JF, Talley JD, Lui H, et al. Comparison of one-year outcomes following 
coronary artery stenting in diabetic versus nondiabetic patients (from the 
enhanced suppression of the platelet Ilb/lIIa receptor with integrilin therapy 
[ESPRIT] trial). Am J Cardiol 2002;90:585-90. 

140. Bhatt DL, Marso SP, Lincoff AM, Wolski KE, Ellis SG, Topol EJ. Abciximab 
reduces mortality in diabetics following percutaneous coronary intervention. J Am 
Coll Cardiol 2000;35:922-8. 

141. Rinder HM, Bonan JL, Rinder CS, Ault KA, Smith BR. Dynamics of leukocyte-
platelet adhesion in whole blood. Blood 1991;78:1730-7. 

142. Rinder HM, Bonan JL, Rinder CS, Ault KA, Smith BR. Activated and 
unactivated platelet adhesion to monocytes and neutrophils. Blood 1991;78:1760-
9. 

143. Hamburger SA, McEver RP. GMP-140 mediates adhesion of stimulated platelets 
to neutrophils. Blood 1990;75:550-4. 

144. Diacovo TG, Roth SJ, Buccola JM, Bainton DF, Springer TA. Neutrophil rolling, 
arrest, and transmigration across activated, surface-adherent platelets via 
sequential action of P-selectin and the iJa-integrin CDl lb/CD18. Blood 
1996;1:146-57. 

145. Konstantopoulos K, Neelamegham S, Bums AR, Hentzen E, Kansas GS, Snapp 
KR, Berg EL, Heliums JD, Smith CW, Mclntre LV, et al. Venous levels of shear 
support neutrophil-platelet adhesion and neutrophil aggregation in blood via P-
selectin and B2-integrin. Circulation 1998;98:873-82. 

146. Sako D, Chang X-J, Barone KM, Vachino G, White HM, Shaw G, Veldman GM, 
Bean KM, Ahem TJ, Furie B, et al. Expression cloning of a functional 
glycoprotein ligand for P-selectin. Cell 1993;75:1179-86. 

147. Nomura S, Shouzu A, Omoto S, Nishikawa M, Fukuhara S. Significance of 
chemokines and activated platelets in patients with diabetes. Clin Exp Immunol 
2000;121:437-43. 

148. Zhou Z, Perm MS, Fomdi F, Zhou X, Tarakji K, Topol EJ, Lincoff AM, Wang K. 
Administration of recombinant P-selectin glycoprotein ligand Fc fusion protein 



171 

suppresses inflammation and neointimal formation in zucker diabetic rat model. 
Arterioscler Thromb Vase Biol 2002;22; 1598-603. 

149. Lehr H-A, Olofsson AM, Carew TE, Vajkoczy P, Von Andrian UH, Hubner C, 
Bemdt MC, Steinberg D, Messmer K, Arfors KB. P-selectin mediates the 
interaction of circulating leukocytes with platelets and microvascular endothelium 
in response to oxidized lipoprotein in vivo. Laboratory Investigation 1994;71:380-
6. 

150. McEver RP, Martin MN. A monocolonal antibody to a membrane glycoprotein 
binds only to activated platelets. J Biol Chem 1984;259:9799-804. 

151. McEver RP, Beckstead JH, Moore KL, Marshall-Carlson L, Bainton DF. GMP-
140, a platelet alpha-granule membrane protein, is also synthesized by vascular 
endothelial cells and is localized in Weibel-Palade bodies. J Clin Invest 
1989;84:92-9. 

152. Patel KD, Zimmerman GA, Prescott SM, McEver RP, Mclntyre TM. Oxygen 
radicals induce human endothelial cells to express GMP-140 and bind 
neutrophils. J Cell Biology 1991;112:749-59. 

153. Kogaki S, Sawa Y, Sano T, Matsushita T, Ohata T, Kurotobi S, Tojo SJ, Matsuda 
H, Okada S. Selectin on activated platelets enhances neutrophil endothelial 
adherence in myocardial reperfusion injiuy. Cardiovasc Res 1999;43:968-73. 

154. Sheikh S, Nash GB. Continuous activation and deactivation of integrin 
CDl lb/CD 18 during de novo expression enables rolling neutrophils to 
immoboilize on platelets. Blood 1996;12:5040-50. 

155. Evangelista V, Manarini S, Sideri R, Rotondo S, Martelli N, Piccoli A, Totani L, 
Piccardoni P, Vestweber D, de Gaetano G, et al. Platelet/polymorphonuclear 
leukocyte interaction: P-selectin triggers protein-tyrosine phosphorylation-
dependent CDl lb/CD18 adhesion: role of PSGL-1 as a signaling molecule. Blood 
1999;93:876-85. 

156. Evangelista V, Manarini S, Rotondo S, Martelli N, Polischuk R, McGregor JL, de 
Gaetano G, Cerletti C. Platelet/polymorphonuclear leukocyte interaction in 
dynamic conditions: evidence of adhesion cascade and cross talk between P-
selectin and the p2 integrin CDl lb/CD18. Blood 1996;88:4183-94. 

157. Jwa Hidari KIP, Weyrich AS, Zimmerman GA, McEver RP. Engagement of P-
selectin glycoprotein ligand-1 enhances tyrosine phosphorylation and activates 
mitogen-activated protein kinases in human neutrophils. J Biol Chem 
1997;272:28750-6. 



158 

159 

160 

161 

162, 

163 

164 

165 

166, 

167. 

168, 

169, 

172 

Simon DI, Chen Z, Xu H, Li CQ, Dong J, Mclntire LV, Ballantyne CM, Zhang L, 
Fvirman MI, Bemdt MC, et al. Platelet glycoprotein Iba is a counterreceptor for 
the leukocyte integrin Mac-1 (CDl lb/CD18). J Exp Med 2000;192:193-204. 

Kinder C, Fitch J. Amplification of the inflammatroy response: adhesion 
molecuels associated with platelet/white cell responses. J Cardiovasc Pharmacol 
1996;27:6-12. 

Nagata K, Tsuji T, Todoroki N, Katagiri Y, Tanoue K, Yamazaki H, Hanai N, 
Irimura T. Activated platelets induce superoxide anion release by monocytes and 
neutrophils through P-selectin (CD62). J Immunol 1993;151:3267-73. 

Ott I, Neumann F-J, Gawaz M, Schmitt M, Schomig A. Coronary heart 
disease/myocardial infarction/bypass grafts/endothelial function: increased 
neutrophil-platelet adhesion in patients with unstable angina. Circulation 
1996;94:1239-46. 

Morse DS, Adams D, Magnani B. Platelet and neutrophil activation during 
cardiac surgical procedures: impact of cardiopulmonary bypass. Ann Thorac Surg 
1998;65:691-5. 

Kinder CS, Bonan JL, Kinder HM, Mathew J, Hines R, Smith BK. 
Cardiopulmonary bypass induces leukocyte-platelet adhesion. Blood 
1992;79:1201-5. 

Gawaz M, Reininger A, Neumann F-J. Platelet function and platelet-leukocyte 
adhesion in symptomatic coronary heart disease. Effects of intravenous 
magnesium. ThrombKes 1996;83:341-9. 

Lefer AM, Campbell B, Scalia K, Lefer DJ. Synergism between platelets and 
neutrophils in provoking cardiac dysfimction after ischemia and reperfusion. Kole 
of selectins. Circulation 1998;98:1322-8. 

Bazzoni G, Dejana E, Mashcio AD. Platelet-neutrophil interactions, possible 
relevance in the pathogenesis of thrombosis and inflammation. Haematologica 
1991;76:491-9. 

Weksler BB. Platelets. New York: Raven Press; 1988. 

Sharpe RL, Maione TE, whitaker D, Murphy GF. Induction of intercullular 
adhesion molecule-1 (ICAM-1) in cultured endothelium by recombinant platelet 
factor 4 (PF-4). J Invest Dermatol 1990;94:578. 

Deuel TF, Senior RM, Chang D, Griffin GL, Heinrikson RL, Kaiser ET. Platelet 
factor 4 is chemotactic for neutrophils and monocj^es. Proc Natl Acad Sci USA 



173 

1981;78:4584-7. 

170. Deuel TF, Senior RM, Huang JS, Griffin GL. Chemotaxis of monocytes and 
neutrophils to platelet-derived growth factor. J Clin Invest 1982;69:1046-9. 

171. Morley DJ, Feuerstein lA. Adhesion of polymorphonuclear leukocytes to protein-
coated and platelet adherent surfaces. Thrombosis and Haemostatis 
1989;62:1023-8. 

172. Handin RI, Karabin R, Boxer GJ. Enhancement of platelet function by superoxide 
anion. J Clin Invest 1977;59:959-65. 

173. Salvemini D, de Nucci G, Sneddon JM, Vane JR. Superoxide anions enhance 
platelet adhesion and aggregation. Br J Pharmacol 1989;97:1145-50. 

174. Canoso RT, Rodvien R, Scoon K, Levine PH. Hydrogen peroxide and platelet 
function. Blood 1974;5:645-56. 

175. Komecki E, Ehrlich YH, Egbring R, Gramse M, Seitz R, Eckardt A, Lukasiewicz 
H, Niewiarowski S. Granulocyte-platelet interactions and platelet fibrinogen 
receptor exposure. Am J Physiol 1988;255:H651-H658. 

176. Kaplar M, Kappelmayer J, Veszpremi A, Szabo K, Udvardy M. The possible 
association of in vivo leukocyte-platelet heterophilic aggregate formation and the 
development of diabetic angiopathy. Platelets 2001;12:419-22. 

177. Marso SP, Lincoff AM, Ellis SG, Bhatt DL, Tanguay J-F, Kleiman NS, 
Hammoud T, Booth JE, Sapp SK, Topol EJ. Optimizing the percutaneous 
interventional outcomes for patients with diabetes mellitus: results of the 
EPISTENT (Evaluation of platelet Ilb/IIIa inhibitor for stenting trial) diabetic 
substudy. Circulation 1999;100:2477-84. 

178. Mehta JL, Nicolini FA, Donnelly WH, Nichols WW. Platelet-leukocyte-
endothelial interactions in coronary artery disease. Am J Cardiol 1992;69:8B-
13B. 

179. Lawson DL, Mehta JL, Nichols WW, Mehta P, Donnelly WH. Superoxide 
radical-mediated endothelial injury and vasoconstriction of rat thoracic aortic 
rings. J Lab Clin Med 1990;115:541-8. 

180. Mehta JL, Nichols WW, Donnelly WH, Lawson DL, Thompson L, ter Riet M, 
Saldeen TGP. Protection by superoxide dismutase from myocardial dysfunction 
and attention of vasodilator reserve after coronary occlusion and reperflision in 
dog. Circ Res 1989;65:1283-95. 



174 

181. Mehta JL, Lawson DL, Nichols WW. Attenuated coronary relaxation after 
reperfusion: effects of superoxide dismutase and TxAi inhibitor U 63557A. Am J 
Physiol 1989;257:H1240-H1246. 

182. Siminiak T, Flores NA, Sheridan DJ. Neutrophil interactions with endothelium 
and platelets; possible role in the development of cardiovascular injury. European 
Heart Journal 1995;16:160-70. 

183. Neumann F-J, Zohlnhofer D, Fakhoury L, Ott I, Gawaz M, Schomig A. Effect of 
glycoprotein Ilb/Illa receptor blockade on platelet-leukocyte interaction and 
surface expression of the leukocyte integrin Mac-1 in acute myocardial infarction. 
J Am Coll Cardiol 1999;34:1420-6. 

184. Todoroki N, Watanabe Y, Akaike T, Katagiri Y, Tanoue K, Yamazaki H, Tsuji T, 
Toyoshima S, Osawa T. Enhancement by IL-IB and IFN-y of platelet activation: 
adhesion to leukocytes via GMP-140/padgem protein (CD62). Biochem Biophys 
Res Comm 1991;179:756-61. 

185. Weyrich AS, Mclntyre TM, McEver RP, Prescott SM, Zimmerman GA. 
Monocyte tethering by P-selectin regulates monocyte chemotactic protein-1 and 
tumor necrosis factor-^ secretion. J Clin Invest 1995;95:2297-303. 

186. Brown KK, Henson PM, Maclouf J, Mayle M, Ely JA, Worthen GS. Neutrophil-
platelet adhesion: relative roles of platelet p-selectin and neutrophil B2 (CD 18) 
integrins. Am J Respir Cell Mol Biol 1998;18:100-10. 

187. Stimson WH, Hunter IC. Proceedings: an investigation into the 
immunosuppressive properties of oestrogen. J Endocrinol 1976;69:42P-3P. 

188. Paavonen T. Hormonal regulation of lymphocyte functions. Med Biol 
1987;65:229-40. 

189. da Silva JAP, Colvill-Nash, Paul, Spector TD, Scott DL, Willoughby DA. 
Inflammation-induced cartilage degradation in female rodents. Protective role of 
sex hormones. Arthritis Rheum 1993;36:1007-13. 

190. Sharai M, Sato A, Chida K. The influence of ovarian hormones on the 
granulomatous inflammatory process in the rat lung. Eur Respir J 1995;8:272-7. 

191. Lundgren D. Influence of estrogen and progesterone on exudation, inflammatory 
cell migration and granulation tissue formation in preformed cavities. Scand J 
Plast Reconstr Surg 1973;7:10-4. 

192. Huber SA, Sakkinen P, Conze D, Hardin N, Tracy R. Interleukin-6 exacerbates 
early atherosclerosis in mice. Arterioscler Thromb Vase Biol 1999; 19 :2364-7. 



175 

193. Kennedy RL, Jones TH. Cytokines in endocrinology: their roles in health and in 
disease. J Endocrinol 1991;129:167-78. 

194. Mohamed-Ali V, Goodrick S, Rawesh A, Katz DR, Miles JM, Yudkin JS, Klein 
S, Coppack SW. Subcutaneous adipose tissue releases interleukin-6, but not 
tumor necrosis factor-a, in vivo. J Clin Endocrinol Metab 1997;82:1496-4200. 

195. Pottratz ST, Bellido T, Mocharia H, Crabb D, Manolagas SC. 1713-Estradiol 
inhibits expression of human interleukin-6 promoter-reporter constructs by a 
receptor-dependent mechanism. The Journal of Clinical Investigation 
1994;93:944-50. 

196. Nomura S, Imamura A, Okuno M, Kamiyama Y, Fujimura Y, Ikeda Y, Fukuhara 
S. Platelet-derived microparticles in patients with arteriosclerosis obliterans: 
enhancement of high shear-induced microparticle generation by cytokines. 
Thromb Res 2000;98:257-68. 

197. Kishimoto T, Akira S, Taga T. Interleukin-6 and its receptor: a paradigm for 
cytokines. Science 1992;258:593-603. 

198. Kopf M, Baumann H, Freer G, Freudenberg M, Lamers M, Kishimoto T, 
Zinkemagel R, Bluethmann H, Kohler G. Impaired immune and acute-phase 
responses in interIeukin-6-deficient mice. Nature 1994;368:339-42. 

199. Wegenka UM, Liitticken C, Buschmann J, Yuan J, Lottspeich F, Miiller-Esterl W, 
Schindler C, Roeb E, Heinrich PC, Horn F. The interleukin-6-activated acute-
phase response factor is antigenically and functionally related to members of the 
signal transducer and activator of transcription (STAT) family. Molecular and 
Cellular Biology 1994;14:3186-96. 

200. Hirano T, Akira S, Taga T, Kishimoto T. Biological and clinical aspects of 
interleukin 6. Immunology Today 1990;11:443-9. 

201. Van Snick J. Interleukin-6: an overview. Annu Rev Immunol 1990;8:253-78. 

202. Oleksowicz L, Mrowiec Z, Zuckerman Dina, Isaacs R, Dutcher J, Puszkin e. 
Platelet activation induced by interleukin-6: evidence for a mechanism invovling 
arachidonic acid metabolism. Thrombosis and Haemostasis 1994;72:302-8. 

203. Oleksowicz L, Mrowiec Z, Isaacs R, Dutcher JP, Puszkin E. Morphologic and 
ultrastructural evidence for interleukin-6 induced platelet activation. American 
Journal of Hematology 1995;48:92-9. 

204. Packer M. Is tumor necrosis factor an important neurohormonal mechanism in 
chronic heart failure? Circulation 1995;92:1379-82. 



176 

205. Beutler B, Cerami A. Cachectin (tumor necrosis factor): a macrophage hormone 
governing cellular metabolism and inflammatory response. Endocrine Reviews 
1988;9:57-66. 

206. Sarraf P, Frederich RC, Turner EM, Ma G, Jaskowiak NT, Rivet III DJ, Flier JS, 
Lowell BB, Fraker DL, Alexander HR. Multiple cytokines and acute 
inflammation raise mouse leptin levels: potential role in inflammatory anorexia. 
The Journal of Experimental Medicine 1997;185:171-5. 

207. Spiegelman BM, Hotamisligil GS. Through thick and thin: wasting, obesity, and 
TNFa. Cell 1993;73:625-7. 

208. Wang JM, Walter S, Mantovani A. Re-evaluation of the chemotactic activity of 
tumour necrosis factor for monocytes. Immunology 1990;70:364-7. 

209. Sica A, Wang JM, Colotta F, Dejana E, Mantovani A, Oppenheim JJ, Larsen CG, 
Zachariae COC, Matsushima K. Monocyte chemotactic and activating factor gene 
expression induced in endothelial cells by IL-1 and tumor necrosis factor. The 
Journal of Immimology 1990;144:3034-8. 

210. Weber C, Draude G, Weber KSC, Wiibert J, Lorenz RL, Weber PC. 
Downregulation by tumor necrosis factor-a of monocyte CCR2 expression and 
monocyte chemotactic protein-1-induced transendothelial migration is 
antagonized by oxidized low-density lipoprotein. A potential mechanism of 
monocyte retention in atherosclerotic lesions. Atherosclerosis 1999;145:115-23. 

211. Yudkin JS, Yajnik CS, Mohamed-Ali V, Bulmer K. High levels of circulating 
proinflammatory cytokines and leptin in urban, but not rural, Indians. Diabetes 
Care 1999;22:363-4. 

212. Lechleitner M, Koch T, Herold M, Dzien A, Hoppichler F. Tumor necrosis factor-
alpha plasma level in patients with type 1 diabetes mellitus and its association 
with glycaemic control and cardiovascular risk factors . J Intern Med 
2000;248:67-76. 

213. Held W, MacDonald HR, Weissman IL, Hess MW, Mueller C. Genes encoding 
tumor necrosis factor a and granzyme A are expressed during development of 
autoimmune diabetes. Immunology 1990;87:2239-43. 

214. Mueller C, Held W, Imboden MA, Camaud C. Accelerated fi-cell destruction in 
adoptively transferred autoimmune diabetes correleates with and increased 
expression of the genes coding fot the TNF-a and granzyme A in the intra-islet 
infiltrates. Diabetes 1995;44:112-7. 

215. Begum N, Ragolia L. Effect of tumor necrosis factor-a on insulin action in 



216. 

217. 

218. 

219. 

220, 

221. 

222, 

223 

224, 

225, 

226, 

227, 

177 

cultured rat skeletal muscle cells. Endocrinology 1996;137:2441-6. 

Dinarello CA. The role of the interleukin-1-receptor antagonist in blocking 
inflammation mediated by interleukin-1. N Engl J Med 2000;343:732-4. 

Nicklin MJH, Hughes DE, Barton JL, Ure JM, Duff GW. Arterial inflammation in 
mice lacking the interleukin 1 receptor antagonist gene. J Exp Med 2000;191:303-
11. 

Ross R. The pathogenesis of atherosclerosis: a perspective for the 1990's. Nature 
1993;362:801-8. 

Munro JM, Cotran R. The pathogenesis of atherosclerosis: atherogenesis and 
inflammation. Laboratory Investigation 1988;58:249-61. 

Hansson GK, Jonasson L, Seifert PS, Stemme S. Immune mechanisms in 
atherosclerosis. Arteriosclerosis 1989;9:567-78. 

Tashiro H, Shimokawa H, Yamamoto K, Nagano M, Momohara M, Muramatu K-
H, Takeshita A. Monocyte-related cytokines in acute myocardial infarction. Am 
Heart J 1995;130:446-52. 

Matsumori A, Yamada T, Suzuki H, Matoba Y, Sasayama S. Increased circulating 
cytokines in patients with myocarditis and cardiomyopathy. Br Heart J 
1994;72:561-6. 

Levine B, Kalman J, Mayer L, Fillit HM, Packer M. Elevated circulating levels of 
tumor necrosis factor in severe chronic heart failure. N Engl J Med 1990;323:236-
41. 

Shioi T, Matsumori A, Sasayama S. Myocarditis/hypertrophy/congestive heart 
failure: persistent expression of cytokine in the chronic stage of viral myocarditis 
in mice . Circulation 1996;94:2930-7. 

Torre-Amione G, Kapadia S, Lee J, Durand J-B, Bies RD, Young JB, Mann DL. 
Tumor necrosis factor-alpha and tumor necrosis factor receptors in the failing 
human heart. Circulation 1996;93:704-11. 

de Belder AJ, Radomski MW, Why H, Richardson PJ, Martin JF. Myocardial 
calcium-independent nitric oxide synthase activity is present in dilated 
cardiomyopathy, myocarditis, and postpartum cardiomyopathy but not in 
ischaemic or valvar heart disease. Br Heart J 1995;74:426-30. 

Yang X, Chowdhury N, Cai B, Brett J, Marboe C, Sciacca RR, Michler RE. 
Induction of myocardial nitric oxide synthase by cardiac allograft rejection. J Clin 



178 

Invest 1994;94:714-21. 

228. Kanda T, Inoue M, KotajimaN, Fujimaki S, Hoshino Y, Kurabayashi M, 
Kobayashi I, Tamura J. Circulating interleukin-6 and interleukin-6 receptors in 
patients with acute and recent myocardial infarction. Cardiology 2000;93:191-6. 

229. Pannitteri G, Marino B, Campa PP, Martucci R, Testa U, Peschle C. Interleukin 6 
and 8 as mediators of acute phase response in acute myocardial infarction. Am J 
Cardiol 1997;80:622-5. 

230. Yazdani S, Simon AD, Vidhun R, Gulotta C, Schwartz A, Rabbani LE. 
Inflammatory profile in unstable angina versus stable angina in patients 
undergoing percutaneous interventions. Am Heart J 1998;136:357-61. 

231. Cain BS, Meldrum DR, Dinarello CA, Meng X, Joo KS, Banerjee A, Harken AH. 
Tumor necrosis factor-a and interleukin-P synergistically depress human 
myocardial function. Crit Care Med 1999;27:1309-18. 

232. Tsutamoto T, Hisanaga T, Wada A, Maeda K, Ohnishi M, Fukai D, Mabuchi N, 
Sawaki M, Kinoshita M. Interleukin-6 spillover in the peripheral circulation 
increases with the severity of heart failure, and the high plasma level of 
interleukin-6 is an important prognostic predictor in patients with congestive heart 
failure. JACC 1998;31:391-8. 

233. Tsutamoto T , Wada A, Maeda K, Mabuchi N, Hayashi M, Tsutsui T, Ohnishi M, 
Sawaki M, Fujii M, Matsumoto T, et al. Angiotensin II type 1 receptor antagonist 
decreases plasma levels of tumor necrosis factor alpha, interleukin-6 and soluble 
adhesion molecules in patients with chronic heart failure. J Am Coll Cardiol 
2000;35:714-21. 

234. Roig E, Orus J, Pare C, Azqueta M, Filella X, Perez-Villa F, Heras M, Sanz G. 
Serum interleukin-6 in congestive heart failure secondary to idiopathic dilated 
cardiomyopathy. Am J Cardiol 1998;82:688-90. 

235. Kawahito K, Adachi H, Ino T. Influence of surgical procedures on interleukin-6 
and monocyte chemotactic and activating factor responses: CABG vs. valvular 
surgery. J Interferon Cytokine Res 2000;20;l-6. 

236. Corbi P, Rahmati M, Delwail A, Potreau D, Menu P, Wijdenes J, Lecron J-C. 
Circulating soluble gpl30, soluble IL-6R, and IL-6 in patients undergoing cardiac 
surgery, with or without extracorporeal circulation. Eur J Cardio-Thorac Surg 
2000;18:98-103. 

237. Liebold A, Langhammer Th, Brunger F, Bimbaum DE. Cardiac interleukin-6 
release and myocardial recovery after aortic crossclamping. Crystalliod versus 



179 

blood cardioplegia. J Cardiovasc Surg 1999;40:633-6. 

238. Yamada T, Hisanaga M, Nakajima Y, Kanehiro H, Watanabe A, Ohyama T, 
Nishio K, Sho M, Nagao M, Harada A, et al. Serum interleukin-6, interleukin-8, 
hepatocyte growth factor, and nitric oxide changes during throacic surgery. World 
J Surg 1998;22:783-90. 

239. Whitten CW, Hill GE, Ivy R, Greilich PE, Lipton JM. Does the duration of 
cardiopulmonary bypass or aortic cross-clamp, in the absence of blood and/or 
blood product administration, influence the IL-6 response to cardiac surgery? 
Anesth Analg 1998;86:28-33. 

240. Berendes E, Mollhoff T, Van Arken H, Erren M, Deng MC, Loick HM. Increased 
plasma concentrations of serum amyloid A: an indicator of the acute-phase 
response after cardiopulmonary bypass. Crit Care Med 1997;25:1527-33. 

241. Suzuki T, Ishiwata S, Hasegawa K, Yamamoto K, Yamazaki T. Raised 
interleukin-6 concentrations as a predictor of postangioplasty restenosis. Heart 
(British Cardiac Society) 2000;83:578. 

242. Woodward M, Rumley A, Tunstall-Pedoe H, Lowe GDO. Associations of blood 
rheology and interleukin-6 with cardiovascular risk factors and prevalent 
cardiovascular disease. Br J Haematol 1999;104:246-57. 

243. Rus HG, Vlaicu R, Niculescu F. lnterleukin-6 and interleukin-8 protein and gene 
expression in human arterial atherosclerotic wall. Atherosclerosis 1996; 127:263-
71. 

244. McCarty MF. Interleukin-6 as a central mediator of cardiovascular risk associated 
with chronic inflammation, smoking, diabetes, and visceral obesity: dovm-
regulation with essentail fatty acids, ethanol and pentoxifylline. Med Hypotheses 
1999;52:465-77. 

245. Feinstein R, Kanety H, Papa MZ, Lunenfeld B, Karasik A. Tumor necrosis factor-
a suppresses insulin-induced tyrosine phosphorylation of insulin receptor and its 
substrates. The Journal of Biological Chemistry 1993;268:26055-8. 

246. Hotamisligil GS. The role of TNFa and TNF receptors in obesity and insulin 
resistance. Journal of Internal Medicine 1999;245;621-5. 

247. Pickup JC, Chusney GD, Thomas SM, Burt D. Plasma interleukin-6, tumor 
necrosis factor a and blood cytokine production in type 2 diabetes . Life Sci 
2000;67:291-300. 

248. Bastard J-P, Jardel C, Bruckert E, Blondy P, Capeau J, Laville M, Vidal H, 



180 

Hainque B. Elevated levels of interleukin 6 are reduced in serum and 
subcutaneous adipose tissue of obese w^omen after weight loss. J Clin Endocrinol 
Metab 2000;85:3338-42. 

249. Mooradian AD, Reed RL, Meredith KE, Scuderi P. Serum levels of tumor 
necrosis factor and IL-la and IL-ip in diabetic patients. Diabetes Care 
1991;14:63-5. 

250. Vozarova B, Weyer C, Hanson K, Tataranni PA, Bogardus C, Pratley RE. 
Circulating interleukin-6 in relation to adiposity, insulin action, and insulin 
secretion. Obesity Research 2001;9;414-7. 

251. Kato H., Morohoshi M., Uchimura I., Numano F. Glucose increases endothelial 
interluekin 6 production suppressed by adequate shear stress. Diabetes 
1997;46(Suppl 2):112A. 

252. Long SD, Pekala PH. Lipid mediators of insulin resistance: ceramide signalling 
down-regulates GLUT4 gene transcription in 3T3-L1 adipocytes. Biochem J 
1996;319:179-84. 

253. Stephens JM, Lee J, Pilch PF. Tumor necrosis factor-a-induced insulin resistance 
in 3T3-L1 adipocytes is accompanied by a loss of insulin receptor substrate-1 and 
GLUT4 expression without a loss of insulin recpetor-mediated signal 
transduction. The Journal of Biological Chemistry 1997;272:971-6. 

254. Caulin-Glaser T, Watson CA, Pardi R, Bender JR. Effects of 17°-estradiol on 
cytokine-induced endothelial cell adhesion molecule expression. J Clin Invest 
1996;98:36-42. 

255. Stein B, Yang MX. Repression of the interleukin-6 promoter by estrogen receptor 
is mediated by NF-A B and C/EBPB. Mol Cell Biol 1995;15:4971-9. 

256. Haden ST, Glowacki J, Hurwitz S, Rosen C, LeBoff MS. Effects of age on serum 
dehydroepiandrosterone sulfate, IGF-I, and IL-6 levels in women. Calcif Tissue 
Int 2000;66:414-8. 

257. Cantatore FP, Loverrro G, Ingrosso AM, Lacanna R, Sassanelli E, Selvaggi L, 
Carrozzo M. Effect of oestrogen replacement on bone metabolism and cytokines 
in surgical menopause. Clin Rheumatol 1995;14:157-60. 

258. Jilka RL, Hangoc G, Girasole G, Passeri G, Williams DC, Abrams JS, Boyce 
Brendan, Broxmeyer H, Manolagas SC. Increased osteoclast development after 
estrogen loss: mediation by interleukin-6. Science 1992;257:88-91. 

259. Sakaguchi K, Morita I, Murota S. Eicosapentaenoic acid inhibits bone loss due to 



181 

ovariectomy in rats. Prostaglandins Leukotrienes and Esstential Fatty Acids 
1994;50;81-4. 

260. Wakley GK, Schutte HD, Harmon K.S., Turner R.T. Androgen treatment prevents 
loss of cancellous bone in the orchidenctomized rat. Journal of Bone and Mineral 
Research 1991;6;325-30. 

261. Klein B, Wijdenes J, Zhang X-G, Jourdan M, Boiron J-M, Brochier J, Liautard J, 
Merlin M, Clement C, Morel-Foumier B, et al. Murine anti-interleukin-6 
monoclonal antibody therapy for a patients with plasma cell leukemia. Blood 
1991;78:1198-204. 

262. Bellido T, Jilka RL, Boyce BP, Girasole G, Broxmeyer H, Dalrymple SA, Murray 
R, Manolagas SC. Regulation of interleukin-6, osteoclastogenesis, and bone mass 
by androgens. The role of the androgen receptor. J Clin Invest 1995;95:2886-95. 

263. Kassem M, Khosla S, Spelsberg TC, Riggs BL. Cytokine production in the bone 
marrow microenvironment: failure to demonstrate estrogen regulation in early 
postmenopausal women. J Clin Endocrinol Metab 1996;81:513-8. 

264. Hokama JY, Mullarkey PJ, Logan JJ, Cimetta AD, Leprince P, Goldman S, 
Copeland JG, McDonagh PF. Platelet-leukocyte interactions are increased in 
patients with type II diabetes. FASEB J 1999;13:A660. 

265. McDonagh PF, Hokama J. Microvascular perfusion and transport and exchange in 
the diabetic heart. Microcirculation 2000;7:163-81. 

266. Hokama JY, Logan JJ, Gale S, Goldman S, Copeland JG, McDonagh PF. 
Inhibition of platelet-PMN interactions attenuate PMN reactive oxygen species 
production in patients with type II diabetes. 

267. McDonagh PF, Hokama JY, Copeland JG, Reynolds JM. The blood contribution 
to early myocardial reperfusion injury is amplified in diabetes. Diabetes 
1997;46:1859-67. 

268. Hokama JY, Ritter LS, Davis-Gorman G, McDonagh PF. Leukocyte 
accumulation is enhanced in the diabetic heart early in reperfusion following 
ischemia. Microcirculation 1997;4:173. 

269. McCarthy DA, Macey MG. A simple flow cytometric procedure for the 
determination of surface antigens on unfixed leucocytes in whole blood. J 
Immunol Meth 1993;163:155-60. 

270. Abrams CS, Ellison N, Budzynski AZ, Shattil SJ. Direct detection of activated 
platelets and platelet-derived microparticles in humans. Blood 1990;75:128-38. 



182 

271. Laufs U, La Fata V, Plutzky J, Liao JK. Upregulation of endothelial nitric oxide 
synthase by HMG CoA reductase inhibitors. Circulation 1998;97:1129-35. 

272. Ridker PM, Rifai N, Pfeffer MA, Sacks F, Braunwald E. Long-term effects of 
pravastatin on plasma concentration of C-reactive protein. Circulation 
1999;100:230-5. 

273. Peters MJ, Heyderman RS, Hatch DJ, Klein NJ. Investigation of platelet-
neutrophil interactions in whole blood by flow cytometry. J Immunol Methods 
1997;209; 125-35. 

274. Montrucchio G, Alloatti G, Tetta C, De Luca R, Saunders RN, Emanuelli G, 
Camussi G. Release of platelet-activating factor from ischemic-reperfused rabbit 
heart. Am J Physiol 1989;256:H1236-H1246. 

275. Arabia FA, Copeland JG, Smith RG, Banchy M, Sethi GK, Foy B, Kormos R, 
Tector A, Long J, Dembitsky W, et al. Infections with the CardioWest total 
artificial heart. ASAIO J 1998;44:M336-M339. 

276. Hokama JY, Ritter LS, Davis-Gorman G, Cimetta AD, Copeland JG, McDonagh 
PF. Diabetes enhances leukocyte accumulation in the coronary microcirculation 
early in reperfusion following ischemia. J Diabetes Complications 2000;14:96-
107. 

277. Lotufo PA, Gaziano JM, Chae CU, Ajani UA, Moreno-John G, Buring JE, 
Manson JE. Diabetes and all-cause and coronary heart disease mortality among 
US male physicians. Arch Intern Med 2001;161:242-7. 

278. Selzman CH, MSA, Harken AH. Therapeutic implications of inflammation in 
atherosclerotic cardiovascular disease. Ann Thorac Surg 2001;71:2066-74. 

279. Esposito K, Nappo F, Marfella R, Giugliano G, Giugliano F, Ciotola M, 
Quagliaro L, Ceriello A, Giugliano D. Inflammatory cytokine concentrations are 
acutely increased by hyperglycemia in humans: role of oxidative stress. 
Circulation 2002;106:2067-72. 

280. Pradhan AD, Manson JE, Rifai N, Buring JE, Ridker PM. C-reactive protein, 
interleukin 6, and risk of developing type 2 diabetes mellitus. JAMA 
2001;286:327-34. 

281. Rezaie-Majd A, Maca T, Bucek RA, Valent P, Miiller MR, Husslein P, 
Kashanipour A, Minar E, Baghestanian M. Simvastatin reduces expression of 
cytokines interleukin-6, interleukin-8, and monocyte chemoattractant protein-1 in 
circulating moncytes from hypercholesterolemic patients. Arteriosclerosis, 
Thrombosis, and Vascular Biology 2002;22:1194-9. 



282. Abbott RD, Donahue RP, Kannel WB, Wilson PWF. The impact of diabetes 
survival following myocardial infarction in men vs women: the Framingham 
study. JAMA 1988;260:3456-60. 


