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Activation of the Tissue Factor Pathway of Blood
Coagulation During Prolonged Hyperglycemia in
Young Healthy Men
A. Koneti Rao, Vibhuti Chouhan, Xinhua Chen, Ling Sun, and Guenther Boden

Patients with diabetes have an increased prevalence of
premature atherosclerotic vascular disease, and alter-
ations in plasma coagulation proteins have been
incriminated as a possible cause. The roles of hyper-
glycemia and hyperinsulinemia in the pathogenesis of
these changes are unknown. To examine the effects of
prolonged hyperglycemia and of selective hyperinsu-
linemia on the tissue factor pathway of blood coagula-
tion, nine healthy young men were infused with glu-
cose to maintain levels at 11.1 mmol/l (~200 mg/dl) for
18–72 h (hyperglycemia-hyperinsulinemia group). Five
normal men were infused with regular insulin to main-
tain levels comparable to that in the previous group
(900 pmol/l, ~150 µU/ml) and with glucose to maintain
levels at 5.6 mmol/l (~100 mg/dl) (euglycemia-hyperin-
sulinemia group). Measured were plasma activated fac-
tor VII activity (FVIIa), FVII coagulant (FVIIC) activ-
i t y, FVIII coagulant (FVIIIC) activity, tissue factor
pathway inhibitor (TFPI) antigen, and thrombin mark-
ers; and serum glucose, insulin, and electrolytes.
Plasma FVIIa, FVIIC, FVIIIC, and TFPI rose during
hyperglycemic-hyperinsulinemia but not during eugly-
cemic-hyperinsulinemia. Markers of thrombin genera-
tion rose transiently and inconsistently during hyper-
glycemia-hyperinsulinemia. We concluded that in normal
subjects, hyperglycemia-hyperinsulinemia induced acti-
vation of the tissue factor pathway, reflected by
increases in plasma FVIIa, FVIIC, and TFPI. This acti-
vation was independent of hyperinsulinemia, hyper-
triglyceridemia, and hyperosmolality. The elevations in
plasma coagulation factors during hyperglycemia-
hyperinsulinemia, characteristic of type 2 diabetes,
may constitute a potential for enhanced thrombin gen-
eration and thrombosis when triggered by exposure of
tissue factor, such as during arterial plaque rupture.
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P
atients with type 2 diabetes have an increased
prevalence of atherosclerotic vascular disease and
morbidity and mortality from myocardial infarction,
cerebrovascular accidents, and peripheral vascular

disease (1–4). Hyperglycemia is a major contributor to vas-
cular disease (5,6); however, the mechanisms by which this
occurs are uncertain. Numerous studies have documented
alterations in plasma of proteins involved in blood coagula-
tion and fibrinolysis, and platelet function in patients with dia-
betes (7–10). The mechanisms leading to these changes are
not well understood. There is evidence suggesting that
plasma levels of several coagulation factors may be modulated
by hyperglycemia and/or hyperinsulinemia. For example,
glycemic control has been shown to correlate with plasma fib-
rinogen (3) and plasma and urinary fibrinopeptide A levels
(11,12). In other studies, acute elevation of plasma glucose
concentrations during oral glucose tolerance testing or intra-
venous glucose infusion increased plasma factor VII coagu-
lant (FVIIC) activity and plasma prothrombin fragment 1.2
(F1.2) (an indicator of thrombin generation) (13,14). It is not
c l e a r, however, whether these effects were due to the
increase in plasma glucose or the accompanying hyperinsu-
linemia. This distinction may be important because hyperin-
sulinemia has been identified as an independent risk factor for
coronary artery disease and mortality (15–18). Moreover, in
these studies glucose infusions extended for only 1–2 h, and
we are not aware of studies on the relative effects of pro-
longed hyperglycemia and hyperinsulinemia on blood coag-
ulation. We have, therefore, examined in young healthy vol-
unteers the effect of prolonged (18–72 h) hyperglycemic and
hyperinsulinemic clamping on the tissue factor pathway of
blood coagulation, the primary physiological mechanism for
the initiation of coagulation (19–21).

RESEARCH DESIGN AND METHODS

Subjects and study design. A total of 14 healthy men between 24 and 45 years
of age volunteered for the studies. Nine men (mean ± SE; age: 30 ± 2 years;
height: 176 ± 3 cm; weight: 82 ± 3.5 kg; fasting plasma glucose: 4.9 ± 0.2 mmol/l,
range 4.1–5.7 mmol/l) underwent hyperglycemic-hyperinsulinemic clamping
(hyperglycemia group), and five men (age: 39 ± 2 years; height: 179 ± 3 cm;
weight: 71.8 ± 5.4 kg; fasting plasma glucose 5.0 ± 0.3 mmol/l, range 4.2–5.7
mmol/l) underwent euglycemic-hyperinsulinemic clamping (hyperinsulinemia
group) for up to 72 h. Thus, both groups were characterized by hyperinsulinemia,
while the serum glucose levels were either elevated or normal. All subjects were
admitted to the Temple University Hospital General Clinical Research Center on
the evening before the studies. The studies began between 8:00 and 10:00 A.M. after
an overnight fast, with the subjects reclining in bed during the entire study. A short
polyethylene catheter was inserted into an antecubital vein for infusion of glucose,
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insulin, and electrolytes. Another catheter was placed into a contralateral fore-
arm vein for blood sampling. This arm was wrapped with a heating blanket
(~70°C) to arterialize venous blood.
Hyperglycemic-hyperinsulinemic clamping (hyperglycemia group). A 20%
glucose solution was infused intravenously at variable rates, which were adjusted
to maintain plasma glucose at 216–234 mg/dl (12–13 mmol/l) for up to 72 h. The
study participants did not eat during the entire duration of the study, but they were
allowed to drink water ad libitum. Plasma electrolytes and fluid balance were mon-
itored every 6 h and body weight every 12 h. Fluid balance was maintained with
infusion of normal saline. Potassium and magnesium were added to the glucose
infusion as needed to maintain normal plasma concentrations.
Euglycemic-hyperinsulinemic clamping (hyperinsulinemia group). Reg-
ular human insulin (Humulin; Eli Lilly, Indianapolis, IN) was infused intra-
venously at a rate of 12 pmol · kg– 1 · min– 1 (2 mU · kg– 1 · min– 1). Glucose was main-
tained at ~4.7 mmol/l (85 mg/dl) by feedback-controlled glucose infusions. Glu-
cose concentrations were determined every 15–30 min at the beginning and at
1- to 2-h intervals later with a glucose analyzer, and the glucose infusion rates
(GIRs) were adjusted as needed. Testing of plasma electrolytes, fluid balance,
body weight, and potassium and magnesium replacement were done as
described for the hyperglycemia group (see above). In several studies, there was
early cessation of glucose infusions because of loss of venous access, nausea,
general fatigue, and irritability, the latter presumably due to loss of normal
sleep. In the hyperglycemia group, all nine men completed 18 h, four com-
pleted 56 h, two completed 66 h, and one completed 72 h. In the hyperinsuline-
mia group, all five men completed 24 h, four completed 48 h, three completed 66 h,
and two completed 72 h. All adverse effects disappeared within 1–2 h after dis-
continuation of the glucose infusion.
Sample collection. Blood samples were collected from antecubital veins with-
out tourniquet-induced venostasis. Blood samples were drawn at baseline, at 6-h
intervals up to 72 h, and at 1, 2, and 4 h after discontinuation of the clamps. Blood

was collected in plastic tubes containing one-tenth volume of 3.8% sodium citrate
as an anticoagulant. Plasma was separated by centrifugation at 2,500g for 20 min
within 30 min of collection. Aliquots of platelet-poor plasma were stored at –80°C
until assayed.
A s s a y s . Plasma activated FVII (FVIIa) activity was measured by a clotting assay
using recombinant soluble tissue factor (American BioProducts, Parsipanny, NJ)
(22). FVII antigen was measured by an enzyme-linked immunosorbent assay
(ELISA) (American BioProducts). FVII activity was measured by a one-stage
clotting assay using a mechanical timer Fibrometer (BBL Microbiology System,
Cocksville, MD), Simplastin Excel (Organon Technika, Durham, NC), and FVII-
d e ficient plasma (George King Biomedical, Overland Park, KS). FVIII coagulant
(FVIIIC) activity was measured with an activated partial thromboplastin time
(APTT)-based one-stage clotting assay using the APTT reagent from Organon Te c h-
nika. FVIII-deficient plasma and pooled normal plasma were purchased from
George King Biomedical. Tissue factor pathway inhibitor (TFPI) antigen levels
were measured by the Imubind total TFPI ELISA from American Diagnostica
(Greenwich, CT). Thrombin generation was assessed by determination of pro-
thrombin F1.2 and thrombin-antithrombin (TAT) complexes in plasma using
ELISAs (Enzygnost; Behringwerke, Marburg, Germany). Plasma glucose was
measured with a glucose analyzer using the glucose oxidase method, and serum
insulin was determined by radioimmunoassay using an antiserum with minimal
(<0.2%) cross-reactivity with proinsulin (Linco Research, St. Charles, MO). Serum
triglycerides were measured enzymatically. Electrolytes were measured at the Te m-
ple University Hospital Chemistry Laboratory.
Statistical analysis. Comparisons of the values obtained within each group at
different time points (baseline, 18 h, and 48 h) were performed using the Student’s
t test for comparison of means. Experimental protocols were approved by the
human research review committee of Temple University School of Medicine. An
informed consent to participate in the study was obtained from all subjects.

FIG. 1. Serum glucose, insulin, and triglyceride levels, and GIR during hyperglycemic-hyperinsulinemic clamping (d, hyperglycemia group) and

euglycemic-hyperinsulinemic clamping (s, hyperinsulinemia group) in normal subjects. Means ± SE are shown. In the hyperglycemia group,

circadian changes are also observed in the insulin levels (21).
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Figure 1 and Table 1 show that plasma glucose levels
were consistently higher while insulin and triglyceride
levels and GIRs (needed to maintain the glucose clamps)
were comparable in the hyperglycemia and hyperinsu-
linemia groups. In the hyperglycemia group, there were
circadian changes in insulin concentrations (Fig. 1) that
we have recently described (23). Areas under the insulin
curves of the two groups, however, were not signifi-
cantly different from each other (3.03 ± 0.6 vs. 2.12 ± 
0.6 µmol · min · l– 1). Triglyceride levels (Fig. 1) declined
in both groups.

Plasma FVIIa levels, the activated form of FVII, rose in all
volunteers in the hyperglycemia group and continued to
increase in most for several hours after the blood glucose had
returned to normal (Fig. 2). FVIIa levels were signific a n t l y

higher at 18 (P < 0.05) and 48 h (P < 0.01) than at baseline
( Table 1). In contrast, FVIIa levels did not change in the
hyperinsulinemia group (Fig. 2). Plasma FVIIC levels, which
r e flect the combined activity of the FVII zymogen and FVIIa,
also rose in the hyperglycemia group but not in the hyperin-
sulinemia group (Fig. 2), with significant elevations over
baseline at 18 and 48 h (Table 1). In contrast, plasma FVII anti-
gen levels did not increase in either group (Fig. 2).

Plasma FVIIIC and TFPI levels rose in all subjects in the
hyperglycemia group but not in the hyperinsulinemia group
(Fig. 3). For both proteins, the mean levels in the hypergly-
cemic group at 18 and 48 h were significantly higher compared
with baseline (Table 1).

To assess whether the elevations in FVII and FVIII resulted
in thrombin generation, levels of plasma prothrombin F1.2 and
TAT complexes were determined. The pattern of changes in

TABLE 1
Changes in plasma during hyperglycemia-hyperinsulinemia and euglycemia-hyperinsulinemia

Hyperglycemia-hyperinsulinemia group Euglycemia-hyperinsulinemia group

B a s e l i n e 18 h 48 h B a s e l i n e 18 h 48 h

n 9 9 4 5 5 4
Glucose (mmol/l) 4.9 ± 0.2 10.8 ± 0.6‡ 11.3 ± 0.4‡ 5.1 ± 0.3 5.1 ± 0.2 5.8 ± 0.2
Insulin (pmol/l) 66 ± 23 533 ± 93† 1,522 ± 589* 44 ± 9.0 850 ± 87‡ 947 ± 79†
Triglycerides (mmol/l) 0.91 ± 0.22 0.41 ± 0.05* 0.18 ± 0.03* 0.77 ± 0.30 0.25 ± 0.18 0.30 ± 0.19
FVIIa (mU/ml) 16.7 ± 1.12 38.6 ± 8.5* 80.3 ± 17.7‡ 31.3 ± 3.4 31.6 ± 3.1 34.2 ± 2.9
FVIIC (U/ml) 0.89 ± 0.03 1.12 ± 0.03‡ 1.64 ± 0.16‡ 0.81 ± 0.06 0.82 ± 0.05 0.80 ± 0.08
FVII antigen (%) 67.1 ± 1.6 65.3 ± 1.3 62.1 ± 0.70 69.6 ± 4.7 67.5 ± 3.6 70.3 ± 4.1
TFPI (ng/ml) 77.0 ± 5.2 99.6 ± 7.8* 105.0 ± 16.0‡ 74.2 ± 5.3 69.2 ± 5.6 74.2 ± 5.4
FVIIIC (U/ml) 1.09 ± 0.30 1.22 ± 0.27† 1.37 ± 0.02‡ 1.08 ± 0.58 1.10 ± 0.06 1.10 ± 0.07

Data are means ± SE. *P < 0.05, †P < 0.01, ‡P < 0.001 compared with baseline values within each group.

FIG. 2. Plasma levels of FVIIa, FVIIC activity, and FVII antigen during hyperglycemic-hyperinsulinemic clamping (A, C, and E, hyperglycemia

group) and euglycemic-hyperinsulinemic clamping (B, D, and F, hyperinsulinemia group) in normal volunteers. s, Levels after discontinua-

tion of the glucose infusion.
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plasma F1.2 (Fig. 3) and TAT complexes (not shown) showed
transient and inconsistent fluctuations in individual subjects.
In general, the fluctuations in plasma F1.2 levels appeared to
be higher in the hyperglycemic than in the hyperinsulinemic
group (Fig. 3). At 48 h, the mean levels of F1.2 or TAT were
not significantly elevated over baseline in either group.

D I S C U S S I O N

The tissue factor pathway is the primary physiological mech-
anism of initiation of blood coagulation (19–21). Binding of
native coagulation FVII to tissue factor converts native 
FVII to the activated form, FVIIa. The resultant tissue fac-
tor–FVIIa complex then activates factors IX and X to factors
IXa and Xa, respectively, resulting in the formation of the pro-
thrombinase complex and thrombin generation. The major
inhibitor of the tissue factor–FVIIa complex is TFPI (19–21).
The main finding in this study was that raising blood glucose
levels from 5.6 to 11.1 mmol/l (100 to 200 mg/dl) for 18–72 h
in young healthy volunteers resulted in activation of the tis-
sue factor pathway of blood coagulation. Specific a l l y, plasma
FVIIa and FVIIC rose continuously, along with elevations in
plasma FVIIIC, in all nine volunteers during 18–72 h of hyper-
glycemic-hyperinsulinemic clamping. In contrast, selective
hyperinsulinemia, comparable in degree to the hyperinsu-
linemia that occurred in the hyperglycemia group, had no
effect on factors VIIa, VIIC, and VIIIC or on TFPI. Interestingly,
there was no striking thrombin generation even in the hyper-
glycemia group, as evidenced by unimpressive and inconsis-
tent changes in plasma F1.2 (Fig. 3) or TAT levels, two indi-
cators of thrombin generation. A likely reason for this is the
simultaneous increase in the major inhibitor TFPI (19–21)
(Fig. 3). We postulate that hyperglycemia activated the tissue
factor pathway; however, this is rapidly controlled by the
TFPI, thereby preventing substantial FX activation and

thrombin generation. It is also conceivable that a localized
increase in thrombin generation is not reflected in an
increase in peripheral levels of the thrombin markers.

Elevated plasma FVIIa, FVIIC, FVIIIC, and other coagula-
tion proteins have previously been reported in patients with
type 2 diabetes (7–10). Many of these patients, however, had
preexisting atherosclerotic disease in addition to hypergly-
cemia (7,9,10). Ceriello et al. (13,14) have reported eleva-
tions in plasma FVIIC and F1.2 levels in response to brief ele-
vations of plasma glucose in normal subjects. It is difficult to
compare their results with ours because of differences in
study duration (2 vs. 48 h) and blood sampling intervals
(every 10 min vs. every 6 h). For instance, in one study (14),
FVIIC rose in normal subjects by ~100% within 10 min, com-
pared with a similar increase after ~48 h in this study. In
another study (13), plasma F1.2 as well as glucose concen-
trations rose in all seven normal subjects, whereas in our
s t u d y, no consistent pattern of increase was noted in plasma
F1.2. Moreover, in neither study (13,14) was the effect of
hyperinsulinemia addressed. The current study provides new
evidence that prolonged hyperglycemia, but not hyperinsu-
linemia, induces activation of the tissue factor pathway of
blood coagulation in young healthy individuals apparently free
of preexisting atherosclerotic disease.

High plasma levels of triglyceride and free fatty acid have
been shown to increase FVIIC in normal subjects (24–26). This
mechanism could be excluded in our study, since plasma
triglyceride and free fatty acid levels declined in all subjects
under the influence of hyperinsulinemia (Fig. 1). Moreover,
hyperosmolar stress could not be incriminated because the
amounts of glucose infused (GIR) to maintain either hyper-
glycemia or hyperinsulinemic-euglycemia were similar.
Therefore, we believe that the prolonged hyperglycemia per
s e was responsible for the observed changes in the coagula-

FIG. 3. Plasma levels of FVIIIC activity, TFPI, and prothrombin F1.2 during hyperglycemic-hyperinsulinemic clamping (A, C, and E, hypergly-

cemia group) and euglycemic-hyperinsulinemic clamping (B, D, and F, hyperinsulinemia group) in normal volunteers. s, Levels after discon-

tinuation of the glucose infusion.
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tion system, although we cannot completely exclude the pos-
sibility that the activation of coagulation resulted from the
combined effect of hyperglycemia and hyperinsulinemia.

The mechanisms for the observed activation of the tissue
factor pathway need to be delineated. This may occur via acti-
vation of monocytes or endothelial cells that can be induced
to express tissue factor (27,28). Prolonged exposure of cul-
tured human endothelial cells to hyperglycemia increases
tissue-factor gene expression (29). Moreover, perturbation of
the endothelium and exposure of tissue factor may be sec-
ondary to hyperglycemia-induced oxidative stress (30,31).
In our studies, plasma FVIIC levels rose during hypergly-
cemia while FVII antigen levels, which reflect total FVII pro-
tein in plasma, remained unchanged. The latter finding sug-
gests that the increase in FVIIC is not due to increased
hepatic FVII synthesis but to an enhanced conversion of
zymogen FVII to FVIIa (32). Plasma FVIIIC levels also rose in
the hyperglycemia group but not in the hyperinsulinemia
group (Fig. 3). Elevated plasma FVIIIC without changes in
FVIII antigen have been reported in diabetic children without
vascular disease and attributed to increased intravascular
activation of FVIII (33).

Most of the FVII in plasma circulates in the inactive zymo-
gen form, and the picomolar amounts of circulating FVIIa nor-
mally present serve an important priming function in trig-
gering blood coagulation on exposure to tissue factor (19,22).
Thus, the high levels of circulating FVIIa, FVIIC, and FVIII
observed during hyperglycemia provide an exaggerated
potential for brisk thrombin generation given appropriate
initiating stimuli, as for example, the intense exposure of tis-
sue factor during atherosclerotic plaque rupture or erosion
(34,35). They may, thus, play an amplifying role in precipitating
acute thrombosis and vascular events once the mechanisms
are triggered. Angioscopic studies in patients with unstable
angina show a higher incidence of intracoronary thrombosis
and of plaque ulceration in diabetic than in nondiabetic
patients (36). Moreover, in epidemiological studies, FVIIC
has been found to be predictive of the risk of fatal but not non-
fatal myocardial infarction (37,38). The assay for FVIIC used
in one of these studies (the Northwick Park Heart Study) was
particularly sensitive to FVII (32). More recently, certain
polymorphisms of the FVII gene have been shown to be asso-
ciated with increased risk of familial myocardial infarction as
well as with high plasma FVII levels (39), and the increased
incidence of myocardial infarction has been attributed to
elevated FVII levels (39).

In conclusion, our studies provide evidence for activation
of the tissue factor pathway of blood coagulation in normal
volunteers subjected to hyperglycemia-hyperinsulinemia at
levels commonly encountered in type 2 diabetes, but not
during selective hyperinsulinemia with euglycemia. The ele-
vated levels of FVIIa, FVIIC, and FVIIIC may set the stage for
acute thrombosis when triggered by a potent stimulus and
thereby contribute to the increased incidence of acute vas-
cular events in patients with diabetes (1–4). Thus, a hereto-
fore unrecognized beneficial effect of strict control of blood
glucose in diabetic subjects is prevention of the hypercoag-
ulable state that accompanies hyperglycemia.

A C K N O W L E D G M E N T S

This work was supported by National Institutes of Health
Grants R01-AG-07988 (G.B.), R01-AA-10221 (G.B.), K07-

HL02658 (A.K.R.), and RR-00349 (General Clinical Research
Center branch of the National Center for Research
R e s o u r c e s ) .

We thank the nurses from the Temple University General
Clinical Research Center for excellent patient care, Karen
Kresge and Maria Mozzoli for technical assistance, and
JoAnn M. Hamilton for typing the manuscript.

R E F E R E N C E S

1 . Pan WH, Cedres LB, Liu K, Dyer A, Schoenberger JA, Shekelle RB, Stamler R,
Smith D, Collette P, Stamler J: Relationship of clinical diabetes and asymp-
tomatic hyperglycemia to risk of coronary heart disease mortality in men and
women. Am J Epidemiol 123:504–516, 1986

2 . Uusitupa MI, Niskanen LK, Siitonen O, Voutilainen E, Pyorala K: 5-year inci-
dence of atherosclerotic vascular disease in relation to general risk factors,
insulin level, and abnormalities in lipoprotein composition in non-insulin-
dependent diabetic and nondiabetic subjects. Circulation 82:27–36, 1990

3 . Kannel WB, D’Agostino RB, Wilson PW, Belanger AJ, Gagnon DR: Diabetes,
fibrinogen, and risk of cardiovascular disease: the Framingham experience.
Am Heart J 120:672–676, 1990

4 . Laakso M, Lehto S: Epidemiology of macrovascular disease in diabetes. D i a -

betes Rev 5:294–315, 1997
5 . Gerstein HC, Yusuf S: Dysglycaemia and risk of cardiovascular disease:

L a n c e t 347:949–950, 1996
6 . Diabetes Control and Complications Trial (DCCT) Research Group: Effect of

intensive diabetes management on macrovascular event and risk factors in the
diabetes control and complications trial. Am J Cardiol 75:894–903, 1995

7 . Osterman H, van de Loo J: Factors of the hemostatic system in diabetic
patients. H a e m o s t a s i s 16:386–416, 1986

8 . Kwaan HC: Changes in blood coagulation, platelet function, and plasminogen-
plasmin system in diabetes. D i a b e t e s 41 (Suppl. 2):32–35, 1992

9 . Kario K, Mastuo T, Kobayashi H, Matsuo M, Sakata T, Miyata T: Activation of
tissue factor–induced coagulation and endothelial cell dysfunction in non-
insulin-dependent diabetic patients with microalbuminuria. A r t e r i o s c l e r

Thromb Vasc Biol 15:1114–1120, 1995
1 0 . Morishita E, Asakura H, Jakaji H, Saito M, Uotani C, Kumabashiri I, Ya m a z a k i

M, Aoshima K, Hashimoto T, Matsuda, T: Hypercoagulability and high lipopro-
tein(a) levels in patients with type II diabetes mellitus. A t h e r o s c l e r o s i s

120:7–14, 1996
1 1 . Jones RL: Fibrinopeptide-A in diabetes mellitus. D i a b e t e s 34:836–843, 1985
1 2 . Ceriello A, Giugliano D, Quatraro A, Dello Russo P, Marchi E, Torella R:

Hyperglycemia may determine fibrinopeptide A plasma level increases in
humans. M e t a b o l i s m 38:1162–1163, 1989

1 3 . Ceriello A, Giacomello R, Colatutto A, Taboga C, Gonano F: Hyperglycemia-
induced thrombin formation in diabetes: the possible role of oxidative stress.
D i a b e t e s 44:924–928, 1995

1 4 . Ceriello A, Giugliano D, Quatraro A, Dello Russo P, Torella R: Blood glucose
may condition FVII levels in diabetic and normal subjects. D i a b e t o l o g i a

31:889–891, 1988
1 5 . Pyorala K: Relationship of glucose tolerance and plasma insulin to the inci-

dence of coronary heart disease: results from two population studies in Fin-
land. Diabetes Care 2:131–141, 1972

1 6 . Welborn TA, Wearne K: Coronary heart disease incidence and cardiovascular
mortality in Busselton with reference to glucose and insulin concentration.
Diabetes Care 2:154–160, 1979

1 7 . Ducimetiere P, Eschwege E, Papoz L, Richard JL, Claude JR, Rosselin G:
Relationship of plasma insulin level to the incidence of myocardial infarction
and coronary heart disease mortality in middle-aged population. D i a b e t o l o -

g i a 19:205–210, 1980
1 8 . Despres JP, Lamarche B, Mauriege P, Cantin B, Dagenais GR, Moorjani S,

Lupien PJ: Hyperinsulinemia as an independent risk factor for ischemic heart
disease. N Engl J Med 33:952–957, 1996

1 9 . Rapaport SI, Rao LVM: The tissue factor pathway: how it has become a “prima
ballerina.” Thromb Haemost 74:7–17, 1995

2 0 . Nemerson Y: Tissue factor pathway of blood coagulation. Sem Hematol

2:170–176, 1992
2 1 . Broze GJ Jr: Tissue factor pathway inhibitor and the current concept of blood

coagulation. Blood Coag Fibrinol 6:S7–S12, 1995
2 2 . Morrissey JH, Macik BG, Neuenschwander PF, Comp PC: Quantitation of acti-

vated FVII levels in plasma using a tissue factor mutant selectivity defic i e n t
in promoting FVII activation. B l o o d 81:734–744, 1993

2 3 . Boden G, Chen X, Ruiz J, Urbain JL: Evidence for a circadian rhythm of
insulin secretion. Am J Physiol 271:E246–E252, 1996

2 4 . Silveira A, Karpe F, Johnsson H, Bauer KA, Hamsten A: In vivo demonstration
in humans that large postprandial triglyceride-rich lipoproteins activate coag-



DIABETES, VOL. 48, MAY 1999 1161

A.K. RAO AND ASSOCIATES

ulation FVII through the intrinsic coagulation pathway. Atheroscler Thromb

Vasc Biol 16:1333–1339, 1996
2 5 . Sanders TAB, Miller GJ, de Grassi T, Yahia N: Postprandial activation of

coagulant FVII by long-chain dietary fatty acids. Thromb Haemost 7 6 :
369–371, 1996

2 6 . Kapur R, Hoffman CJ, Bhushan V, Hultin MB: Postprandial elevation of activated
FVII in young adults. Arterioscler Thromb Vasc Biol 16:1327–1332, 1996

2 7 . Edwards RL, Rickles FR, Bobrove AM: Mononuclear cell tissue factor: cell of
origin and requirements for activation. B l o o d 54:359–370, 1979

2 8 . Grabowski EF, Zuckerman DB, Nemerson Y: The functional expression of tis-
sue factor by fibroblasts and endothelial cells under flow conditions. B l o o d

81:3265–3270, 1993
2 9 . Boeri D, Almus FE, Maiello M, Cagliero E, Rao LVM, Lorenzi M: Modific a t i o n

of tissue-factor mRNA and protein response to thrombin and interleukin-1 by
high glucose in cultured human endothelial cells. D i a b e t e s 38:212–218, 1989

3 0 . Baynes JW: Role of oxidative stress in development of complications in dia-
betes: D i a b e t e s 40:405–412, 1991

3 1 . Collier A, Rumley A, Rumley AG, Paterson JR, Leach JP, Lowe GD, Small M:
Free radical activity and hemostatic factors in NIDDM patients with and
without microalbuminuria. D i a b e t e s 41:909–913, 1992

3 2 . Miller GJ, Stirling Y, Esnouf MP, Heinrich J, van de Loo J, Kienast J, Wu KK,
Morrissey JH, Meade TW, Martin JC: FVII-deficient substrate plasmas
depleted of protein C raise the sensitivity of the FVII bio-assay to activated FVII:

an international study. Thromb Haemost 71:38–48, 1994
3 3 . Muntean WE, Borkenstein MH, Haas J: Elevation of FVIII over FVIII coagu-

lant antigen in diabetic children without vascular disease: a sign of activation
of the FVIII coagulant moiety during poor diabetes control. D i a b e t e s

34:140–144, 1985
3 4 . Fuster V, Fallon JT, Badimon JJ, Nemerson Y: The unstable atherosclerotic

plaque: clinical significance and therapeutic intervention. Thromb Haemost

78:247–255, 1997
3 5 . Wilcox JN, Smith KM, Schwartz SM, Gordon D: Localization of tissue factor

in the normal vessel wall and in the atherosclerotic plaque. Proc Natl Acad

Sci U S A 86:2839–2843, 1989
3 6 . Silver JA, Escobar A, Collins TJ, Ramee SR, White CJ: Unstable angina: a com-

parison of angioscopic findings between diabetic and nondiabetic patients. 
C i r c u l a t i o n 92:1731–1736, 1995

3 7 . Meade TW, Ruddock V, Stirling Y, Chakrabarti R, Miller GJ: Fibrinolytic activ-
i t y, clotting factors, and long-term incidence of ischaemic heart disease in the
Northwick Park Heart Study. L a n c e t 342:1076–1079, 1993

3 8 . Heinrich J, Balleisen L, Schulte H, Assmann G, van de Loo J: Fibrinogen and
FVII in the prediction of coronary risk: results from the PROCAM study in
healthy men. Arterioscler Thromb 14:54–59, 1994

3 9 . Iacoviello L, Di Castelnuovo A, de Knijff P, D’Orazio A, Amore C, Arboretti R,
Kluft C, Benedetta-Donati M: Polymorphisms in the coagulation FVII gene and
the risk of myocardial infarction. N Engl J Med 338:79–85, 1998


