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A B S T R A C T Fibrinogen survival and turnover were
examined in 15 adult-onset diabetic patients. 25I-
labeled fibrinogen was prepared from each patient dur-
ing the period of poor carbohydrate control, or hyper-
glycemic period, and fibrinogen survival determined.
Improved control was established in each patient and
during this euglycemic period, fibrinogen survival was
determined simultaneously with 1251-fibrinogen saved
from the hyperglycemic period and 131I-labeled fibrino-
gen prepared from the patient during the euglycemic
period. The results confirm reduced fibrinogen survival
in hyperglycemic diabetic patients and demonstrate
reversal of the fibrinogen abnormality when eugly-
cemia is achieved. The results of the double-label
experiments in the euglycemic period suggest that the
fibrinogen molecule is not altered functionally and that
an abnormal plasma or vascular environment is a more
likely basis for reduced fibrinogen survival during
hyperglycemia. Electrophoretic and chromatographic
experiments demonstrated no gross chemical differ-
ences between the fibrinogens prepared from the
hyperglycemic and euglycemic periods and normal
fibrinogen. Fibrinogen survival gave a better correla-
tion with serial glucose measurements than with cor-
rection of hemoglobin AIC levels indicating that the
reduced fibrinogen survival noted in diabetics is a
rapidly reversible phenomenon.
During the hyperglycemic period, pharmacological

intervention with aspirin and dipyrimadole was at-
tempted to examine the role of platelets in reduced
fibrinogen survival. No significant change in fibrinogen
survival was observed. Heparin infusion during hyper-
glycemia normalized the fibrinogen kinetics of hyper-
glycemic diabetic patients, suggesting that reduced
fibrinogen survival during hyperglycemia is secondary
to an effect on thrombin or one of its antagonists.
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INTRODUCTION

The major controversies in diabetes mellitus center
around the relationship of glycemia or carbohydrate
"control" to the numerous sequelae of the disease. It
has been difficult to address this relationship because
of the problems attendant in the definition of carbo-
hydrate control. It is certainly possible to hospitalize
patients and measure serial blood glucose as a means of
characterizing short-term control. In addition, it is now
possible to define control over periods of weeks to
months through the use of minor fast hemoglobins,
especially hemoglobin A,,. This glycohemoglobin
(the 1-N-valyl-l-deoxy-fructose adduct of hemoglobin
A) results from a postsynthetic modification of normal
hemoglobin A and provides an accurate assessment of
the mean blood glucose over the previous 3-4 wk in
individuals who are not suffering from hemolytic
disease (1). Several sequelae have now been shown to
be reversible when strict definitions of control are
applied. These "reversible sequelae" include dis-
orders of erythrocyte survival, leukocyte function,
platelet function, and hyperlipidemia (2, 3).
Of the numerous secondary sequelae of diabetes,

vascular disease now accounts for the major morbidity
and mortality resulting from the diabetic state. The
etiology of the increased risk of vascular disease in
patients with diabetes mellitus is not clear. Most
studies have focused on lipid abnormalities as the
primary concomitant or causative factor predisposing
the diabetic to vascular lesions. Recent studies suggest
that abnormalities ofthe hemostatic system may also be
involved in the initiation or propagation of vascular
lesions (4).
Fibrinogen survival has been noted to be decreased

in patients with diabetes (5). The present study was
designed to determine whether the decreased survival
of fibrinogen in patients with diabetes mellitus was
reversible. With various measures of diabetic control,
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the time-course of the reversibility was assessed. In
addition the studies were designed to assess whether
the abnormalities in fibrinogen kinetics were the result
of a postsynthetic modification of a normal fibrinogen
molecule analogous to hemoglobin A1, production or
the consequence of a normal molecule circulating in an
abnormal environment. Finally, because the latter
proved to be true, an attempt was made to pharmaco-
logically correct the decreased fibrinogen survival seen
in diabetics through the use of heparin infusions and
aspirin and dipyrimadole administration.

METHODS

Patients. 15 patients with hyperglycemia and adult-onset,
nonketotic diabetes mellitus of varying durations were ad-
mitted to The Rockefeller University Clinical Research
Center. The patients had various complications including
neuropathy, vascular disease, retinopathy, and(or) nephrop-
athy as summarized in Table I. Diabetic neuropathy was
identified by physical examination and nerve conduction
studies. Vascular disease was evaluated by clinical findings
as well as electrocardiographic criteria. Retinopathy was
documented by fluorescein angiography and nephropathy by

creatinine clearance. Patients with severe renal insufficiency
as defined in Table I were excluded from the study.
Each patient was determined to be hyperglycemic by fast-

ing blood glucose, urine sugars, glucose brackets, and hemo-
globin A,, determinations. The "glucose brackets" is the sum
of blood glucose values drawn before and 1 h after each meal
for 1 d. This value represents the patient's ability to
metabolize dietary challenges and has been shown to cor-
relate well with 24-h integrated glucose concentrations (6).
The blood glucose was brought under control by insulin or
oral hypoglycemic therapy (chlorpropamide, Pfizer Labora-
tories Div., Pfizer Inc., New York), and dietary regulation
(American Diabetes Association, 40-45% fat diet). Glycemia
was also monitored by urine sugars, glucose brackets, and
hemoglobin A,,.
To examine the possible mechanisms behind reduced

fibrinogen survival the following protocol was adapted. In the
hyperglycemic period, fibrinogen survival was studied with
the patient's fibrinogen labeled with 1251. After the achieve-
ment of optimum blood glucose levels (euglycemic period),
fibrinogen survival was determined simultaneously for 1311_
labeled fibrinogen purified from the patient during the
euglycemic period and 1251-labeled fibrinogen saved from the
hyperglycemic period.
Fibrinogen survival studies. Fibrinogen survival was

determined with radioiodinated autologous fibrinogen la-
beled by the method of Takeda (7). This technique involved

TABLE I
Clinical Manifestations of 12 Diabetic Patients Studied for Fibrinogen Survival

Duration of Complications§
diabetes

Patient Sex/age mellitus Therapy Vascular Retinopathy Neuropathy Renal

yr yr

1 F/56 11 Chlorpropamide 0 0 + + 0
2 M/63 11 Insulin + + + + + + +
3 M/61 2 Chlorpropamide + + 0 + 0
4 F/50 1 Chlorpropamide 0 0 0 0
5 M/72 25 Insulin + + + + + +
6 F/51 4 Chlorpropamide 0 0 + 0
7 M/58 20 Insulin + + +++ + + +
8 F/29 3 Chlorpropamide 0 0 0 0
9 M/59 2 Chlorpropamide 0 0 + + 0
10 M/51 4 Insulin 0 0 + 0
11 F/57 12 Insulin 0 + + 0
12 M/64 5 Insulin + + +++ 0
13 M/77 20 Insulin + + + +++ 0
14 F/52 25 Insulin 0 + + + 0
15 M/73 26 Insulin + ++ + + 0

* Vascular disease was rated by presence of electrocardiogram abnormalities, absence of peripheral
pulses or present bruits over vessels, or history of angina or myocardial infarction, each (+). Retinopathy
was graded by fluorescein angiography: 0, no diabetic changes; +, early change-scattered micro-
aneurysms, rare retinal hemorrhages, or exudates; ++, moderate change-numerous microaneurysms,
retinal hemorrhages, hard and soft exudates, slight vitreous hemorrhage, early neovascularization
within one disk diameter of the optic disk; + + +, severe change-extensive neovascularization,
extensive fibroglial tissue proliferation, extensive vascular beading, extensive microaneurysm
formation, marked retinal edema, lack of profusion of the capillaries over an extended area. Neuropathy
was graded by: +, presence of abnormalities on surface electrode nerve conduction study; + +,
nerve conduction abnormality plus abnormal physical findings on sensory and motor exam; + + +, the
above findings plus severe debilitation such as severely impaired ambulation. Renal involvement was
judged by creatinine clearance <60 ml/min. No patients had a creatinine clearance <20 ml/min.

486 R. L. Jones ancd C. M. Petersont



the repeated precipitation of fibrinogen with 25% saturated
ammonium sulfate solution followed by dissolution of the
precipitate in 0.005 M sodium citrate. Labeling was performed
with 1251_ or 1311-Cl (monochloride) ([125I]sodium iodide and
[131I]sodium iodide both reductant-free in 0.1 M NaOH, New
England Nuclear, Boston, Mass.). This was followed by
reprecipitation with 25% saturated ammonium sulfate and
removal of unbound radioiodine. After the solution was redis-
solved in 0.005 M sodium citrate, it was cooled at 40C for 1 h
and centrifuged to remove cryoprecipitable material. The
sample for injection was sterilized by filtration (0.22 gm,
Millipore Corp., Bedford, Mass.). Clottable radioactivity of the
sample was affirmed to be 90% (range, 84-95%) and the
molar ratio of iodine to fibrinogen was always <0.25. Clot-
table radioactivity was followed over 4-5 d and analysis ofthe
data points was performed with an exponential curve fitting
program on a Hewlett-Packard HP-97 calculator (Hewlett-
Packard Co., Palo Alto, Calif.). Fibrinogen survival was deter-
mined from the half-time disappearanice divided by the natural
logarithm of two. Fibrinogen turnover was calculated from
the concentration ofplasma fibrinogen divided by the survival
time.
Phiarmacological interventiont. After an initial determina-

tion of fibrinogen survival, heparin therapy was begun in four
patients still in the hyperglycemic period. Sodium heparin
(Panheprin, Abbott Diagnostics, Diagnostic Products, North
Chicago, Ill.) was administered as a continuous intravenous
infusion by an intravenous drip or by syringe pump (Auto-
syringe, Nuclear Equipment Chemical Corp., Farmingdale,
N. Y.) so that the activated partial thromboplastin time was
maintained at 1.5 to 3 times control values. '251-labeled
autologous fibrinogen isolated during the hyperglycemic
period was injected when the anticoagulant effect of heparin
was achieved and clottable radioactivity followed until a half-
life was again defined.

Aspirin (330 mg) and dipyrimadole (75 mg) were ad-
ministered orally three times daily to four patients after the
initial fibrinogen study in the hyperglycemic period. Elimina-
tion of the second wave of platelet aggregation was verified by
aggregometer studies and fibrinogen survival studies were
repeated with 1251-labeled fibrinogen isolated during hyper-
glycemia.

Clotting studies. Fibrinogen concentration was deter-
mined by a method based on the thrombin clottability of
dilute plasma (8). Thrombin time vas performed with bovine
thrombin (100 National Institutes of Health [NIH] U/ml)
(Data-Fi, Dade Div., Miami, Fla). Prothrombin time and
activated partial thromboplastin time were performed by
standard methods (9) with Simplastin and Platelin (General
Diagnostics Warner Lambert Company, Morris Plains, N. J.).
Platelet aggregations stuidies with 70 ,uM epinephrine final
concentrations were performed by standard techniques (10)
with a 2-channel aggregometer (Payton Associates, Buffalo,
N. Y.) with a uniform siliconized stirring rod at 37°C.
Biochemical determinations. Plasma glucose was meas-

ured by an AutoAnalyzer (Technicon Instruments Corp.,
Tarrytown, N. Y.). Serum triglycerides and cholesterol were
measured by standard methods (11, 12). Urine sugar was meas-
ured semiquantitatively (on a scale of from 0 to 4+) four times
daily by standard methods (Clinitest, Ames Co., Elkhart, Ind.).
Hemoglobin A,, vas determined weekly on samples collected
in EDTA by the column chromatographic method of Trivelli
et al. (13) or by radioimmunoassay (14).
Electrophoretic and chromatographic studies. DEAE-

cellulose (DE52, Whatman Ltd., Maidstone, Kent, England)
chromatography was performed at 4°C wvith a continuous
Tris-phosphate gradient (15). Sephadex G-200 (Pharmacia
Fine Chemicals, Piscataway, N. J.) column chromatography

was performed at room temperature with a 0.2 M NaCl: 0.02 M
Tris buffer (1:5) pH 8.0 (16). For these experiments tracer
amounts of 1251-labeled fibrinogen isolated during the hyper-
glycemic period and 131I-labeled fibrinogen samples isolated
during the euglycemic period were mixed with 10-15 mg of
unlabeled fibrinogen purified in the same manner from a non-
diabetic individual and dialyzed extensively against starting
buffer. Samples from these columns were counted in a two-
channel gamma counter (Packard Instrument Co. Inc.,
Downers Grove, Ill.) and absorbance at 280 nm measured.
Sodium dodecyl sulfate-polyacrylamide gel electrophoresis

was performed on 8% gels with fibrinogen samples purified
from the hyperglycemic and euglycemic periods, along with
fibrinogen purified from a normal individual and com-
mercially supplied human fibrinogen (Fraction 1, Sigma
Chemical Co., St. Louis, Mo.) (17). Gels were stained with
Coomassie brilliant blue. The concentration of fibrinogen in
purified samples for chromatography and electrophoresis was
determined spectrophotometrically at 280 nm with an
(A'z) of 13.9 (18).

Statistics. Where applicable, values are expressed as the
+1 SD. The difference between means was assessed by the
Student's t test for paired data (19). Differences were termed
significant if the t value exceeded the 5% level.

RESULTS

Determinations of fibrinogen survival and turnover
were performed in 15 patients during hyperglycemic
and euglycemic periods. The interval between the end
of the hyperglycemic period studies and the beginning
of the euglycemic period varied between 1 and 9 wk
(mean, 2.5 wk). This interval was dependent upon the
time required to achieve euglycemia as evidenced by
absence of urine sugar and optimum glucose brackets.
Table II documents glucose brackets, fibrinogen
survival and turnover studies, and coagulation studies
during the various periods of the study. Carbohydrate
control, (as evidenced by glucose brackets) was signifi-
cantly improved in all patients from a mean hyper-
glycemic value of 1514 I 490 mg/100 ml to a mean
euglycemic value of 710 1 138 mg/100 ml (P < 0.001).
Hemoglobin A., levels also showed a mean decrease of
1.7% of total hemoglobin from hyperglycemic to
euglycemic periods. This decrease was not sta-
tistically significant, but the interval between studies
was not sufficient for this measurement to reach a stable
plateau during the control phase. Serum cholesterol
(not shown) showed no significant change from hyper-
glycemic (213±40 mg/100 ml) to euglycemic (187±22
mg/lO0 ml) periods. Fasting serum triglycerides (not
shown) also showed no significant change from during
the two periods of the study (135±55 mg/100 ml to
124+42 mg/100 ml).
Prothrombin time, activated partial thromboplastin

time, and thrombin time were in the normal range and
did not change significantly from the hyperglycemic to
euglycemic periods.
Plasma fibrinogen concentrations were elevated

above normal range in 9 of the 15 patients studied.
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TABLE II
Results of Blood Glucose Regulation, Fibrinogen Survival and Turnover

Studies, and Clotting Function Studies

Glucose Fibrinogen
Patient Period brackets Hb A,,. concentrationt t1/2

I Hyperglycemia
Euglycemia
Hyperglycemia sample
Euglycemia sample

2 Hyperglycemia
Euglycemia
Hyperglycemia sample
Euglycemia sample

3 Hyperglycemia
Euglycemia
Hyperglycemia sample
Euglycemia sample

4 Hyperglycemia
Euglycemia
Hyperglycemia sample
Euglycemia sample

5 Hyperglycemia
Euglycemia
Hyperglycemia sample
Euglycemia sample

6 Hyperglycemia
Euglycemia
Hyperglycemia sample
Euglycemia sample

7 Hyperglycemia
Euglycemia
Hyperglycemia sample
Euglycemia sample

8 Hyperglycemia
Euglycemia
Hyperglycemia sample
Euglycemia sample

9 Hyperglycemia
Euglycemia
Hyperglycemia sample
Euglycemia sample

10 Hyperglycemia
Euglycemia
Hyperglycemia sample
Euglycemia sample

11 Hyperglycemia
Euglycemia
Hyperglycemia sample
Euglycemia sample

12 Hyperglycemia
Euglycemia
Hyperglycemia sample
Euglycemia sample

% mg/ml d

1,567 6.5 3.80 2.42
825 3.6 4.00

3.67
3.50

1,568 8.7 6.00 2.00
890 5.4 5.25

3.62
3.87

1,359 6.2 1.85 3.20
758 5.2 1.80 -

3.96
3.96

940 8.4 4.00 2.96
568 8.0 4.20

4.50
4.17

2,230 6.4 5.10 2.42
617 5.9 4.60 -

3.17
3.29

2,273 9.2 3.50 2.46
843 8.1 3.80

3.46
3.41

2,283 9.2 5.25 1.71
940 7.5 2.25

3.25
3.08

849 8.6 3.80 2.33
653 6.0 4.00

3.04
3.04

1,276 7.7 3.76 2.21
653 5.3 3.70

2.92
3.06

1,763 11.3 2.60 2.71
692 9.7 2.45

3.67
3.50

1,892 13.5 3.20 2.50
520 12.2 3.20

3.58
3.50

1,162 10.3 4.20 2.66
574 7.8 2.95

4.02
3.77

Fibrinogen Fibrinogen
survival turnover

d mg/mild

3.49 1.01

5.29 0.76
5.05 0.79

2.89 2.08

5.23 1.01
5.59 0.94

4.61 0.40

5.70 0.31
5.70 0.31

4.27 0.94

6.49 0.65
6.01 0.69

3.49 1.46

4.57 1.00
4.75 0.97

3.55 0.99

4.99 0.76
4.93 0.77

2.46 2.13

4.68 0.48
4.45 0.50

3.36 1.13

4.39 0.91
4.39 0.91

3.19 1.18

4.21 0.88
4.41 0.84

3.91 0.69

5.30 0.46
5.05 0.49

3.61 0.89

5.17 0.62
5.05 0.63

3.84 1.09

5.80 0.51
5.44 0.54
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TABLE II (Continued)

Gltucose Fibrinogen Fibrinogen Fibrinogen
Patient Period brackets Hb A,* concentrationl t'/2 sursvsal turnover

c rzglnmg/Id d lmglnlll(l

13 Hyperglycemia 850 8.4 3.00 2.25 3.24 0.93
Euglycemia 520 8.1 3.80
Hyperglycemia sample 3.66 5.28 0.72
Euglycemia sample

14 Hyperglycemia 1,426 7.5 2.80 1.83 2.64 1.06
Euglycemia 862 7.2 2.15
Hyperglycemia sample 2.66 3.83 0.56
Euglycemia sample 2.96 4.24 0.51

15 Hyperglycemia 1,276 8.4 4.20 2.19 3.15 1.33
Euglycemia 626 9.0 4.60
Hyperglycemia sample 3.01 4.33 1.06
Euglycemia sample 2.87 4.14 1.11

* Hb Al, <5.0%, normal value.
Fibrinogen concentration = 1.60-3.50 mg/ml, normal value.

However, the decrease in fibrinogen concentrations
was not significant during the study with a mean value
of 3.80±1.06 mg/ml during hyperglycemia and a mean
value of 3.53±0.98 mg/ml during euglycemia.

Fibrinogent survival and turnover. Normal fibrino-
gen survival by the methods employed above is cal-
culated to be 4.87 d (20). Fibrinogen survival in our
patients was well below this normal level and in-
creased significantly from a mean value of 3.45±0.57 d
dturing hyperglycemia to a mean control value of
5.07±0.70 d (P < 0.001) during the euglycemic period.
Moreover, when studied in the euglycemic period, the
survival of fibrinogen saved from the hyperglycemic
period and fibrinogen prepared in the euglycemic
period were virtually the same. Fig. 1 shows the fibrino-
gen survival curves obtained from one patient (patient
5) and illustrates the identical fibrinogen survival for
the two samples in the euglycemic period. This result
implies that an abnormal plasma environment rather
than an abnormal fibrinogen molecule accounts for the
reduced fibrinogen survival in "uncontrolled" diabe-
tes. If an abnormal fibrinogen molecule modified via
glycosylation was the cause for the observed decrease
in survival during hyperglycemia one would expect
divergent curves in the euglycemic phase with the
fibrinogen molecule isolated during the hyperglycemic
period disappearing at a more rapid rate than the
sample isolated during the euglycemic period.
Fibrinogen turnover was reduced in all patients

studied during hyperglycemia by an average of 34.4%.
The mean turnover value of 1.17±0.46 mg/ml per d
improved to a mean value of 0.71±0.23 mg/ml per d
(P < 0.02) during euglycemia. The reduced level of
significance when comparing fibrinogen turnovers as
opposed to fibrinogen survivals probably reflects the
large variance in the plasma fibrinogen values.

Chromatographic and electrophoretic studies. To
test whether the fibrinogen molecule is unchanged
chemically as well as fuinctionally during the hyper-
glycemic and euglycemic states of diabetes mellitus,
chemical separation techniques were employed to
compare the fibrinogen of diabetics with normal
fibrinogen. Tracer amounts of labeled fibrinogen pre-
pared for the survival studies during the hyperglycemic
and euglycemic periods were mixed with unlabeled
fibrinogen from a nondiabetic subject and examined for
comparative elution characteristics with ion-exchange
and gel-filtration techniques. The '251-labeled sample

c0'
0
-C
.0

'D
40
.0

0C
0
E.
I

70
60

50

40

x
F*-_- Hyperglycemic sample

20 EHglycemic sample euglycemic period determinationo --o Euglycemic sample

10

X.... X Hyperglycemic sample-hyperglycemic period determination

I I I
1 2 3 4 5

Days

FIGURE 1 Fibrinogen survival curves from patient 5. In the
hyperglycemic period fibrinogen survival was studied with
autologous fibrinogen labeled with 125I. After carbohydrate
control, fibrinogen survival was studied simultaneously with
13I-labeled fibrinogen purified during euglycemic period and
1251-labeled fibrinogen saved from the hyperglycemic period.
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from the hyperglycemic period and 131I-labeled sample
from the euglycemic period coelute with the unlabeled
fibrinogen from a nondiabetic subject. This result sug-
gests that all these fibrinogen samples have similar
charge. Similarly gel filtration chromatography showed
no differences in molecular weight between diabetic
hyperglycemic sample, euglycemic sample, and non-
diabetic subject samples. Sodium dodecyl sulfate-
polyacrylamide gel electrophoresis showed comigra-
tion of the major bands of samples isolated during
periods of hyperglycemia and euglycemia from dia-
betic patients, nondiabetic fibrinogen purified in a
similar manner and commercially available fibrinogen.
Pharmacological intervention. Four patients were

placed on continuous heparin infusions and fibrinogen
survival was repeated while the blood glucose re-
mained at hyperglycemic level. Table III shows the
results of these studies along with the mean partial
thromboplastin time as monitored during the heparin
infusion. Patients 7 and 15 had a mean partial thrombo-
plastin time barely in the therapeutic range and had
significant, although incomplete, normalization of
fibrinogen survival from the hyperglycemic to the
hyperglycemic(heparin) period. Patients 9 and 11 were
maintained at the upper limits of the therapeutic range
and each had normal fibrinogen survivals during the
hyperglycemic(heparin) and euglycemic periods ofthe
study.
The in vitro hyperaggregation of platelets in diabetes

mellitus has been noted to be reversible when the
blood glucose is normalized (2). It was conceivable that
decreased fibrinogen survival during hyperglycemia
could be a result of increased intravascular coagula-

tion initiated or propagated by hyperaggregating plate-
lets. Four patients were placed on aspirin and dipyri-
damole immediately after the initial study offibrinogen
survival and restudied during hyperglycemia with
1251-labeled sample. Inhibition of in vitro platelet ag-
gregation was verified by complete elimination of the
secondary wave of aggregation in response to 70 ,uM
epinephrine. An insignificant improvement in fibrino-
gen survival was seen during the hyperglycemic(as-
pirin and dipyrimadole) period, whereas a significant
improvement occurred when the patients were brought
under carbohydrate control (Table IV).

DISCUSSION

Vascular complications including atherosclerosis and
microvascular disease now account for the major mor-
bidity and mortality associated with diabetes mellitus
(21). Recent attention to the interaction between the
vascular system and coagulation factors implicates in-
volvement of certain aspects of coagulation in the
genesis of vascular lesions. Several observations sug-
gest the existence of a hypercoagulable state in pa-
tients with diabetes, particularly in those patients with
vascular disease. These observations include increased
levels of fibrinogen and Factors V and VIII, and
shortened plasma cephalin time (22, 23). Deposits of
fibrin have been demonstrated in diabetic microvas-
cular lesions by immunofluorescence (24). Thus, there
appears to be evidence for a fibrinocoagulopathy con-
comitant with the development of diabetic vascular
disease.
The present study confirms the existence of elevated

TABLE III
Results of Three Diabetic Patients Studied for Correction of Fibrinogen

Survival with Intravenous Heparin Infusion

Partial
thromboplastin Fibrinogen Fibrinogen Fibrinogen

Patient Period time concentration survival turnover

s mg/ml d mg/mild

7 Hyperglycemic 38 5.25 2.46 2.13
Hyperglycemic (heparin) 58 5.25 4.09 1.28
Euglycemic 34 2.25 4.68 0.48

9 Hyperglycemic 40 3.76 3.19 1.18
Hyperglycemic (heparin) 122 3.45 4.46 0.77
Euglycemic 41 3.70 4.21 0.88

11 Hyperglycemic 41 3.20 3.61 0.89
Hyperglycemic (heparin) 128 3.00 5.51 0.54
Euglycemic 44 3.20 5.17 0.62

15 Hyperglycemic 39 4.20 3.15 1.33
Hyperglycemic (heparin) 72 4.60 4.10 1.12
Euglycemic 36 4.60 4.33 1.06
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TABLE IV
Results of Four Diabetic Patients Stuidied for Correctiotn of Fibrinogen

Survival twith Aspirin and Diptyrimladole

Platelet
aggregation Fibrinogen Fibrinogen Fibrinogen

Patient Period 2° lag phase concentration survival turnover

6 Hyperglycemic 42 3.80 3.34 1.14
Hyperglycemic (ASA and dipyr) >600 4.20 3.49 1.20
Euglycemic 360 4.00 4.61 0.87

12 Hyperglycemic 38 4.20 3.81 1.09
Hyperglycemic (ASA and dipyr) >600 4.60 4.16 1.10
Euglycemic 60 2.95 5.80 0.51

13 Hyperglycemic 90 3.00 3.24 0.93
Hyperglycemic (ASA and dipyr) >600 3.25 2.88 1.13
Euglycemic 180 3.80 5.28 0.72

14 Hyperglycemic 66 2.80 2.64 1.06
Hyperglycemic (ASA and dipyr) >600 2.60 2.62 0.99
Euglycemic 400 2.15 3.83 0.56

ASA, aspirin; dipyr, dipyrimadole.

fibrinogen levels in diabetic patients. A previous report
showed that fibrinogen levels dropped significantly
within 1 wk after the initiation of insulin, tolbutamide,
or phenformin therapy (25). Although there is a trend
toward a decrease in fibrinogen levels in our data, we
cannot confirm a significant decrease after control of
diabetes as reflected by glucose brackets. Likewise, no
significant changes in clotting function studies were ap-
preciated during the hyperglycemia and euglycemia
periods of the study.
Our study demonstrates that the survival of autol-

ogous radioiodinated fibrinogen is reduced in patients
with adult-onset diabetes mellitus and varying degrees
of vascular disease. During hyperglycemia native
fibrinogen is consumed at an increased rate. The results
are consistent with a previous report with [75Se]seleno-
methionine showing significantly shorter fibrinogen
survival in diabetic as compared with normal subjects
(5). We have extended this observation by demonstrat-
ing that increased fibrinogen consumption in uncon-
trolled diabetes is reversible when blood glucose
values are optimized.
Blood and tissue proteins have been shown to be al-

tered in diabetes by nonenzymatic glycosylation reac-
tions thus altering their function or turnover (26, 27).
In the case of hemoglobin, the conversion of hemo-
globin A to hemoglobin Air proceeds by the non-
enzymatic addition of glycosyl residues and the rate of
adduct formation both in vitro and in vivo and is related
to the ambient concentration of glucose (28). Results
from the double-label experiments (simultaneous
determination of survival of hyperglycemic period and

euglycemic period fibrinogen molecules in the eu-
glycemic period) indicate that an alteration in the
fibrinogen molecule is not responsible for the reduced
fibrinogen survival seen in hyperglycemic diabetic pa-
tients. Ifthis were the case, one would expect divergent
survival curves for the molecules during the hyper-
glycemic and euglycemic periods. Instead, the results
are more consistent with an abnormal plasma and(or)
vascular environment producing increased consump-
tion of fibrinogen in the hyperglycemic diabetic state,
which reverses toward normal in the euglycemic state.
The results of tlhe double-label experiments do not

preclude the possibility that fibrinogen is altered in un-
controlled diabetes. Examination of the samples puri-
fied for the survival studies by the techniques of gel
filtration, iron exchange, and gel electrophoresis sug-
gests no gross differences in charge or molecular weight
or size between hyperglycemic period, euglycemic
period, or fibrinogen purified from a normal individual.
Furthermore, another report indicates no difference in
glycogroups attached to fibrinogen between diabetic
and normal subjects (29).
Four patients receiving anti-platelet agents during

the hyperglycemic phase showed no significant im-
provement in fibrinogen survival. This restult may be
significant in light of recent reports that show in vitro
hyperaggregation of platelets of patients with diabetes
mellitus (2, 30, 31). Although the in vivo significance of
platelet hyperaggregation is obscure one might have
expected correction ofdecreased fibrinogen survival by
antiplatelet agents if the phenomenon is somehow
linked to platelet hyperaggregation.
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Heparin is a potent anticoagulant that inhibits the
action of thrombin as well as Factors XIa, IXa, Xa, and
plasmin (32). Inhibition of these factors is believed to
proceed by the potentiation of the protease inhibitor
antithrombin III. Correction of reduced fibrinogen
survival during hyperglycemia by heparin suggests in-
volvement of one of these factors or antithrombin III
in the fibrinogcoagulopathy of diabetes. It is generally
accepted that the improvement of pathologically de-
creased fibrinogen survival by heparin is caused by
interference with the action of thrombin on fibrinogen
to form fibrin monomer (20). Our results showing cor-
rection of decreased fibrinogen survival by heparin in-
fusion support the concept that a hypercoagulable state
exists in uncontrolled diabetes and implicates the ac-
tion of thrombin or its antagonists.
The interval between the hyperglycemic study and

euglycemic study varied between 1 and 9 wk with a
mean of 2.5 wk. The abnormality is rapidly reversible
because there is a higher correlation between fibrino-
gen survival and glucose brackets (a measure of short
term control) than between fibrinogen survival and
hemoglobin A1, levels (Fig. 2). Because erythrocytes
have a slow turnover, hemoglobin A,, production repre-
sents an integrated measure of glycemia over weeks to
months. Significant improvements in blood glucose
levels do not lower hemoglobin A,, values to a stable
plateau for at least 3-4 wk (1). If modification of a
protein other than fibrinogen is involved in the re-
versible hypercoagulable state, the protein must have a
turnover measured in hours to days or the modification
must be rapidly reversible.
Five of the eight patients with retinopathy had the

shortest fibrinogen survival. This association is of in-
terest in view of recent reports showing correlation of
fibrinogen and Factor VIII (von Willibrand factor)
antigen levels with retinopathy (33). It is not clear
whether the clotting abnormalities in diabetes are
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causative of, concomitant with, or a result of vascular
disease. However, it seems unlikely that the reduced
fibrinogen survival of hyperglycemia would be rapidly
reversible during euglycemia if it were secondary to the
presence of either macro- or microvascular disease. It
should be emphasized that the present study was car-
ried out with adult-onset diabetics all of whom pre-
sumably have some degree of vascular disease. Fur-
thermore, studies involving juvenile-onset diabetes of
recent onset and presumably without vascular disease
are warranted to dissect the cause and effect relation-
ship between coagulopathy and vascular disease in
diabetes. If it is shown that the reversible hyper-
coagulable state participates in the genesis of vascular
disease in patients with diabetes mellitus, it seems
clear that more rigid control of blood glucose is in-
dicated in preventing the onset of vascular complica-
tions. In addition, if the mechanism of the hyper-
coagulable state can be defined, then a more compre-
hensive prophylactic approach to vascular disease may
be possible for these patients.
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