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Hyperfibrinogenemia

An important risk factor for vascular
complications in diabetes

Om P. Ganpa, MD
CHARLES F. ARKIN, MD

OBJECTIVE — To evaluate the determinants of elevated fibrinogen levels and the
impact of hyperfibrinogenemia on vascular complications in diabetes.

RESEARCH DESIGN AND METHODS — Plasma fibrinogen, glucose, HbA,,
and lipids were measured in 116 ambulatory type I and type Il diabetic patients with
(n = 59) or without (n = 57) clinical evidence of micro- or macrovascular compli-
cations. In 56 of these patients, factor VII activity and CRP also were measured.
Univariate and multivariate data analyses were conducted.

RESULYS — Overall mean + SE fibrinogen levels in patients (339 % 7.3 mg/dl)
were elevated markedly compared with control subjects (248 % 9.1 mg/dD). Fibrin-
ogen levels were elevated disproportionately in patients with type 11 diabetes
(P < 0.0001), hypertension (P = 0.0001), obesity (P < 0.0001), and vascular com-
plications (P < 0.0001). Fibrinogen was correlated significantly with age
(P < 0.001), cholesterol (P =0.002), CRP (P < 0.001), and factor VII activity
(P = 0.032), but not with plasma glucose, triglycerides, HDL cholesterol, or disease
duration. Stepwise multiple regression analyses revealed that type II diabetes and
presence of vascular complications were major determinants of fibrinogen. For
vascular complications, fibrinogen emerged as one of only three independent pre-
dictors, the other two being diabetes duration and hypertension.

CONCLUSIONS — Fibrinogen frequently is elevated in diabetes and is an inde-
pendent predictor of vascular complications.

a risk factor for cardiovascular disease.
This relationship persisted in multivari-
ate analyses, taking into account tradi-
tional risk factors, which included smok-
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ing, cholesterol, and hypertension. In the
Northwick Park Heart Study (2), hemo-
static factors, i.e., fibrinogen and factor
VII coagulant activity, were stronger pre-
dictors for ischemic heart disease than
was cholesterol. In another long-term
prospective study (4), fibrinogen levels
were a strong and independent predictor
of acute heart attacks after adjusting for
systolic blood pressure and cholesterol.
Along with evidence for a role of fibrin
deposition in the development of athero-
sclerotic lesions (5,6), such observations
provide support for the theory of throm-
bogenesis in the evolution of atheroscle-
rosis (7).

Abundant evidence has accumu-
lated to suggest that atherosclerosis is
accelerated in both type 1 (8,9) and type
I (10,11) diabetes. Traditional risk fac-
tors (hyperlipidemia, hypertension,
smoking, age, obesity) do not account
fully for the increased prevalence and
severity of vascular disease in diabetes
(12). It has been proposed that a hyper-
coagulable state in diabetes may con-
tribute at least in part (13). Of the
various hematological factors, elevated
fibrinogen as a risk factor in diabetes
has received little attention. A few
cross-sectional studies have indicated a
state of hyperfibrinogenemia in diabetes
compared with nondiabetic control sub-
jects (14-18), particularly in those with
preexisting micro- or macrovascular
complications. However, these studies
were not controlled for confounding var-
iables.

In this study, we examined the
relationship of plasma fibrinogen and
other clinical variables to vascular com-
plications in 116 patients with a wide
range of diabetes duration, severity, and
glycemic control.

RESEARCH DESIGN AND

METHODS — The study population
included 116 diabetic outpatients pre-
senting for an office visit to O.P.G. over a
period of several weeks. Pertinent infor-
mation, including the presence or ab-
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Hyperfibrinogenemia and vascular complications

Table 1—Study population

VASCULAR COMPLICATIONS TREATMENT
AGE (YR) DURATION OF DIABETES (YR)
N (M/W) (RANGE) (RANGE) NoNE  Micro Macro Dier OHA  INsuLIN
CONTROL SUBJECTS 30 (18/12) 46.4 = 2.55 —_ — — —_ —_ — —
23-7D
PATIENTS (ALL) 116 (55/61) 56.6 = 1.44 12.2 £ 0.90 57 32 41 4 30 82
(22-82) (1-60)
TypE 1 36 (19/17) 413 +23 152 £ 2.1 22 11 6 0 0 36
22-75) (1-60)
Tyee 1 80 (36/44) 63.5x1.2 10.8 = 0.9 35 21 35 4 30 46
(36-82) (1-35)

Values for age and duration of diabetes are means * SE.
Three type [ and 11 type II patients had both micro- and macrovascular complications.

sence of clinical evidence of vascular
complications in each patient, was re-
corded by the same researcher. The
means (and ranges) of age and diabetes
duration, and the sex, treatment modal-
ities, and status of vascular complications
are presented in Table 1. Microvascular
complications included presence of
background or proliferative retinopathy
and/or nephropathy. Retinopathy was
classified based on the funduscopic and
fluorescein angiographic assessment at
the Beetham Eye Unit at our institu-
tion. Nephropathy was defined by the
presence of overt, dipstick-positive pro-
teinuria in the absence of infection or
other discernible cause; most patients
had also additional evidence of diabetic
nephropathy. Macrovascular disease also
was defined by standard clinical criteria,
including a detailed checklist of history
and physical examination, routine and
stress electrocardiography, and noninva-
sive and/or invasive peripheral vascular
studies in most patients. Of the 80 pa-
tients with type II diabetes, 35 had var-
ious combinations of coronary artery dis-
ease (n = 22), peripheral vascular
disease (n = 13), defined by history of
lower extremity vascular bypass proce-
dure (n = 6) or evidence of absent pul-
sations, and/or amputation (n = 7); and
cerebrovascular disease, as indicated by
history of stroke, transient ischemic at-

tacks, or carotid bruit (n = 8). Twenty-
one patients, including 11 with mac-
rovascular disease, had microvascular
disease. Of the 36 type 1 diabetes pa-
tients, 14 had evidence of vascular com-
plications, 11 had microvascular
disease, and 6 had macrovascular dis-
ease. Altogether, of 116 patients, 57 pa-
tients had no evidence of vascular com-
plications, and 59 had micro- and/or
macrovascular complications. Only 12
patients were smokers. Obesity, defined
as =2120% of ideal body weight, was
prevalent in type Il patients (63 of 80
[79%)]), whereas only 3 type I patients
(8%) were obese. For comparison, 30
healthy nondiabetic laboratory technolo-
gists or blood-bank donors of similar age
range (23-71 yr) served as control sub-
jects.

Procedures

Random (fasting or nonfasting) blood
samples were obtained for glucose,
HbA,, lipids (total cholesterol, triglycer-
ides, HDL cholesterol), and fibrinogen
determinations. Plasma glucose and lip-
ids were determined by routine autoan-
alyzer methodology with enzymatic tech-
niques (19). HbA; was determined by an
electrophoretic method (20). For plasma
fibrinogen assay, the Dade thrombin
clotting time methodology was used
(21). In 56 of the patients (25 with and

31 without vascular complications),
plasma factor VII activity (22) and CRP
(23) also were determined.

Statistics

Unpaired Student’s t tests were con-
ducted to determine the significance of
observed differences between the means
of continuous and discontinuous varia-
bles. Nonparametric analyses (Kruskall-
Wallis test and Wilcoxon's signed-rank
test) were applied for the nonnormally
distributed differences in patients and
control subjects. Results are presented as
means * SE. Simple and multiple re-
gression analyses using stepwise regres-
sions were performed with Minitab Soft-
ware Release 7.2.

o, p—" . ,
150 200 250 300 350 400 450 600 660
Fibrinogen (mg/dL)

Wl Controls (T Patients

Figure 1—Distributions of fibrinogen concen-
trations in control subjects (n = 30) and diabetes
patients (n = 116). P < 0.0001. See RESULTS for
details of statistical analyses.
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Table 2—Distribution of fibrinogen levels by discontinuous variables in all patients

N FIBRINOGEN LEVELS* (MG/DL) P
COMPLICATIONS
No (Grour A) 57 307 £ 9.3
YEs (Group B) 59 369 +£98 <0.0001
HYPERTENSION
No 67 314 £ 9.1 0.0001
YES 49 372 £ 10.0
OBESITY
No 50 304 £ 10.0
YES 66 365 9.1 <0.0001
SEx
MEN 55 339 + 12.0 0.97
WOMEN 61 338 £ 9.0
SMOKING
No 104 339+ 77 0.93
YES 12 337 £ 25.0
TYPE DIABETES
11 80 362 £ 8.5 <0.0001
1 36 288 £ 10.0

*Values are means * SE. Fibrinogen levels in 30 control subjects was 248 + 9.1 compared with
339 + 7.3 mg/dl in 116 diabetic patients (P < 0.0001).

RESULTS

Fibrinogen levels and clinical
variables

In initial comparisons, no differences
were observed between patients with
macrovascular and microvascular com-
plications. Some patients (3 type 1 and
11 type 11 diabetic patients) had both
types of complications, on the clinical
basis described above. Therefore, results
of all patients with vascular complica-
tions (micro- and/or macrovascular)
were grouped together as group B and
compared with all patients without vas-
cular complications (group A).

Figure 1 presents the overall dis-
tribution of fibrinogen levels across the
patient population, in juxtaposition to
that in control subjects. The mean fibrin-
ogen levels in patients as distributed by
major variables, i.e., complications, hy-
pertension, obesity, sex, smoking status,
and type of diabetes, are shown in Table
2.. Mean fibrinogen levels were elevated
markedly in all of the diabetic patients
compared with control subjects. These

differences were highly significant as de-
termined by unpaired Student’s t tests
(P < 0.0001) and by nonparametric
tests, including the Kruskall-Wallis test
and the Wilcoxon'’s signed-rank test
(P < 0.0005).

Fibrinogen levels were elevated
significantly in patients with versus with-

Ganda and Arkin

out complications, with versus without
hypertension, with versus without obe-
sity, and with type II versus type 1 dia-
betes. Furthermore, compared with con-
trol subjects, the mean fibrinogen levels
in patients with type 1 diabetes and in
those without complications were signif-
icantly higher (P < 0.005), whereas the
age ranges were similar in these three
groups.

Table 3 presents a comparison of
various clinical characteristics between
the diabetic patients without (group A)
and those with (group B) vascular com-
plications. The patients in group B were
significantly older and had longer dura-
tion of diabetes. Their mean glucose lev-
els were marginally higher and their
HbA, levels significantly higher. The
mean cholesterol levels, but neither the
triglycerides nor HDL cholesterol levels,
were elevated significantly in group B.
No significant differences were observed
in factor VII activity. However, CRP con-
centration, an acute-phase protein, was
elevated marginally in this group.

Correlations between fibrinogen
and continuous variables

Univariate regressions between fibrino-
gen and the variables described in Table
3 are shown in Table 4. Correlations
between fibrinogen and age, cholesterol,

Table 3—Comparisons of continuous variables between patients without (group A) and

with (group B) vascular complications

Grour A (N = 57) Grour B (v = 59) P

AGe (YR) 50919 62019 0.0001
DURATION OF DIABETES (YR) 90+1.1 152+ 1.4 0.0004
PLASMA GLUCOSE (MG/DL) 194 + 12 226 £ 11 0.051
HeA, (%) 10.2 £ 0.28 11.10 = 0.26 0.028
CHOLESTEROL (MG/DL) 199.0 £ 59 226.0 59 0.0015
TRIGLYCERIDES (MG/DL) 210 = 25 237 = 27 0.47
HDL cHOLESTEROL (MG/DL) 53.0%23 500 2.8 0.36
Factor VII (%)* 115055 121.0x73 0.47
CRP (MG/pL)* 1.84 = 0.59 3.70 £ 0.76 0.06
FiBRINOGEN (MG/DL)T 307.0+x93 369.0 £ 9.8 <0.0001

Values are means * SE.
*n = 31 (group A) and n = 25 (group B).
TP < 0.0001 vs. control subjects.
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Hyperfibrinogenemia and vascular complications

Table 4—Univariate correlation coefficients between fibrinogen and continuous variables

N MEAN * SE R P
Ace (YR) 116 56.6 *+ 1.44 0.41 <0.001
DURATION OF DIABETES (YR) 116 122 0.9 0.13 0.18
PLASMA GLUCOSE (MG/DL) 116 210.00 £+ 8.24 0.05 0.60
HeA, (%) 116 10.7 0.2 0.18 0.049
CHOLESTEROL (MG/DL) 106 2120+ 44 0.29 0.002
TRIGLYCERIDES (MG/DL) 106 223.0 = 18.2 0.14 0.16
HDL CHOLESTEROL (MG/DL) 88 514+138 0.17 0.12
Facror VII (%) 56 1180 £ 4.4 0.29 0.032
CRP (MG/pL) 56 2.68 +0.49 0.50 <0.001

and CRP were significant. A weak but
significant correlation also was observed
with factor VII activity and HbA,.

Stepwise multiple regression
analyses

In view of the potential interdependence
of multiple variables such as age, dura-
tion and type of diabetes, glucose con-
trol, hypertension, and vascular compli-
cations, stepwise multiple regression
analyses were performed to identify sig-
nificant independent determinants for fi-
brinogen (Table 5) and vascular compli-
cations (Table 6) separately. Of the 14
variables examined, the presence of vas-
cular complications and type II diabetes
contributed almost equally as determi-
nants of fibrinogen. Together, these two
variables accounted for ~30% of the
variability in fibrinogen (* = 0.2953,
P < 0.0005). Addition of all other varia-
bles including age, duration of diabetes,
and diabetes control to the model did
not change the power of predicting fi-
brinogen significantly. Regarding vascu-
lar complications (Table 6), fibrinogen
and hypertension were individually sig-
nificant determinants (* = 0.16 and
0.15, respectively; P < 0.002). Duration,
by itself, was a relatively minor determi-
nant (* = 0.078); however, addition of
duration to fibrinogen or hypertension
raised their predictive power to ~23%
(P = 0.001). Together, these three vari-
ables could account for ~28% of the
predictability for complications (P <

0.01), which was not much improved by
considering cholesterol, HbA,, or any of
the other variables in the model.

CONCLUSIONS — The search for the
factor(s) underlying accelerated athero-
sclerosis in diabetes continues. It is clear
that traditional risk factors, e.g., age, hy-
perlipidemia, smoking, hypertension,
and obesity do not explain this acceler-
ated risk (11,12). Other potential candi-
dates include platelet hypersensitivity
(24), coagulation factors (25), and per-
haps endothelial cellular dysfunction
(26). The incriminatory evidence for
these additional mechanisms is, as yet,
far from conclusive.

In this study, we attempted to
explore further the prevalence and role
of hyperfibrinogenemia in relation to di-
abetic vascular disease, in view of the

existing epidemiological evidence in gen-
eral populations (1-4). A role for fibrin-
ogen in the pathophysiology of diabetes
was suggested by the reports of 1) hyper-
fibrinogenemia in cross-sectional studies,
albeit in a small number of patients (14~
18); 2) impaired fibrinolysis at rest
and/or after physical training in several,
but not all, studies (8,18,25,27); 3) en-
hanced generation of fibrin degradation
products (28,29); 4) inhibition of anti-
thrombin III activity by nonenzymatic
glycosylation, although in the setting of
unphysiological glucose concentrations
(30); and 5) reduced fibrinogen survival
(28,31).

The results presented in this re-
port indicate that fibrinogen concentra-
tions frequently are elevated in diabetes,
regardless of diabetes duration, but par-
ticularly in those with type II diabetes
and preexisting vascular complications.
However, even patients with type 1 dia-
betes and no clinically evident vascular
complications had significantly elevated
mean fibrinogen levels. Evidence for el-
evated fibrinogen concentrations before
the onset of vascular disease is contro-
versial, primarily because of difficulties
in clinically assessing onset. In a small
number of patients with >15 yr duration
of type 1 diabetes, Coller et al. (16) found
no appreciable increase in fibrinogen lev-
els in those without retinopathy (n = 8),
whereas those with retinopathy (n = 21)
had striking elevations. Similarly, Jensen

Table 5—Stepwise correlations of fibrinogen with various determinants in multiple

regression analyses

PARAMETER

ADJUSTED R?

VASCULAR COMPLICATIONS
DiaBETES (TYPE II vs. TYPE I)
VASCULAR COMPLICATIONS AND TYPE OF DIABETES

VASCULAR COMPLICATION AND TYPE OF DIABETES AND DURATION
VASCULAR COMPLICATIONS AND TYPE OF DIABETES AND HBA,
VASCULAR COMPLICATIONS, TYPE OF DIABETES AND DURATION, HBA |, AND OBESITY

ALL

0.1600
0.1868
0.2953
0.2950
0.2960
0.3050
0.2710

Other parameters entered in analyses included cholesterol, triglycerides, HDL cholesterol, age, sex,
glucose, type of treatment, smoking, and hypertension.
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Table 6—Stepwise corvelations of presence of vascular complications with various

determinants in multiple regression analyses

PARAMETERS ADJUSTED R*
FIBRINOGEN 0.1556
HYPERTENSION 0.1540
DURATION 0.0780
FIBRINOGEN AND HYPERTENSION 0.2330
FIBRINOGEN AND DURATION OF DIABETES 0.2301
HYPERTENSION AND DURATION OF DIABETES 0.1980
FIBRINOGEN, HYPERTENSION, AND DURATION OF DIABETES 0.2750
FIBRINOGEN, HYPERTENSION, DURATION OF DIABETES, AND HBA, 0.2790
FIBRINOGEN, HYPERTENSION, DURATION OF DIABETES, HBA |, AND CHOLESTEROL 0.2970
ALL 0.2480

Other parameters entered in analyses included age, sex, triglycerides, HDL cholesterol, glucose, type of

treatment, obesity, smoking, and type of diabetes.

etal. (32) reported a progressive increase
in fibrinogen levels with increasing se-
verity of proteinuria compared with
those with no proteinuria. On the other
hand, fibrin degradation products were
elevated markedly in newly diagnosed
type 1 patients in another report (29),
and elevated fibrinogen levels were doc-
umented even in mildly glucose intoler-
ant diabetic patients by McMillan et al.
(17). Taken together, these observations
and ours support the view that fibrino-
gen excess might contribute not only to
the vessel wall pathology (5,6), but it
may even exacerbate the diabetic vas-
culopathy, rather than simply being a
marker for preexisting disease.

Another important issue is the re-
lationship of fibrinogen levels with hy-
perglycemia. We found no significant
correlations between fibrinogen and am-
bient plasma glucose levels or HbA, lev-
els, and these two indexes of diabetes
control did not have any discernible im-
pact on the prediction of fibrinogen in
multiple regression model (Table 5).
However, note that Jones et al. (28,31)
found that shortened fibrinogen survival
was reversible by correction of hypergly-
cemia. Therefore, it is possible that acute
fluctuations in glycemia play an impor-
tant role in thrombin activation in the
presence of elevated fibrinogen concen-
trations.

Of considerable interest are the
findings in our study of the relationship
of fibrinogen with vascular complica-
tions (Tables 3 and 6). Not surprisingly,
the patients with complications (group
B) were older, had longer duration of
diabetes, poorer control, and higher cho-
lesterol levels. The mean fibrinogen level
in this group was 50% greater compared
with control subjects, and 20% greater
compared with the group without com-
plications. Factor VII activity level, re-
lated to cardiovascular events in some
studies (2,33) and found to be elevated
in patients with diabetes in some but not
all studies (25), was not elevated in our
study. Factor VII activity seems to be
influenced by numerous dietary, hor-
monal, and other factors (34), and our
study was not designed to address this
issue. On the other hand, CRP, also an
acute-phase reactant, was elevated mar-
ginally in our patients with complica-
tions. In view of the interdependence of
multiple predictors of vascular complica-
tions, the stepwise correlations in multi-
ple regression analyses (Table 6) are of
particular interest. As indicated by these
analyses, vascular complications corre-
lated best with only 3 of 14 factors en-
tered in this model, i.e., fibrinogen, hy-
pertension, and duration of diabetes.
Individually, fibrinogen appears to be as
important as hypertension, and, to-

Ganda and Arkin

gether, these three variables account for
~30% of the predictability of the pres-
ence of vascular complications. Interest-
ingly, glucose control and none of the
lipid parameters examined added signif-
icantly to the adjusted correlation coeffi-
cients, even though mean levels of glu-
cose, HbA,, and cholesterol were
elevated significantly in patients with
vascular complications. Whether fibrin-
ogen is related deferentially to micro- or
macrovascular complications cannot be
determined from these data, because the
number of patients with microvascular
disease alone was relatively small. The
prognostic significance of hyperfibrino-
genemia in diabetes can be determined
only by prospective studies. If fibrinogen
proves to be a risk factor in diabetic
vascular disease, then further efforts to
investigate the possibilities of therapeutic
interventions (27,35) will be warranted.
In summary, our studies suggest
that hyperfibrinogenemia may be one of
the important missing links in the patho-
genesis of diabetic vascular disease. Hy-
perfibrinogenemia is particularly preva-
lent in type II diabetes, and along with
hypertension and duration of diabetes, it
may be a major independent predictor of
vascular complications. Future studies of
pathogenesis and prevention of diabetic
vascular disease should be designed to
evaluate the role of fibrinogen, among
other known and potential risk factors.
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