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OBJECTIVE — To compare plasma fibrinogen levels across groups of subjects with and
without NIDDM with respect to diabetes therapy and to evaluate the influence of metabolic
control and other selected factors.

RESEARCH DESIGN AND METHODS— In a cross-sectional study, plasma fibnno-
jyn was measured in 2,971 elderly subjects aged 55 years and older (mean age 70.8 years). This
was part of the baseline examination of the Rotterdam Study, a population-based study of
chronic diseases in the elderly.

RESULTS — Plasma fibrinogen levels did not differ among subjects with and without NIDDM
(2.84 vs. 2.81 g/1, P = 0.5). After adjustment for age, sex, smoking, BMI, and waist-to-hip ratio,
the plasma fibrinogen levels were higher in subjects receiving insulin therapy. In those without
diabetes (n = 2,640), with diabetes but not taking antidiabetes medication (n = 196), taking oral
medication (n = 99), and taking insulin (n = 36), the age- and sex-adjusted fibrinogen levels
were 2.82 (SE 0.01), 2.79 (0.05), 2.79 (0.07), and 3.23 (0.11) g/1, respectively (P < 0.005).
Adjustment for leukocyte count or serum creatinine level did not affect the observed association,
while adjustment for fructosamine decreased the differences.

CONCLUSIONS— Plasma fibrinogen levels are elevated in insulin-treated NIDDM pa-
tients, which may reflect worse metabolic control in this subgroup.

Plasma fibrinogen level has been rec-
ognized as an independent risk fac-
tor for both myocardial infarction

and stroke (1,2). The mechanisms to ex-
plain this association include changes in
platelet aggregability, plasma viscosity,
and cerebral blood flow (3). Diabetes is
also an important risk factor for myocar-
dial infarction and stroke (4,5). Recently,
the interest in the relationship between
diabetes and fibrinogenemia has grown,
as an increase in plasma fibrinogen levels
may be one of the mechanisms by which
diabetes exerts its effect on cardiovascular
risk (6,7). Both cardiovascular disease
and diabetes are common in the elderly
(8). So far, population-based studies spe-
cifically addressing changes in plasma fi-

brinogen across groups of elderly diabetic
subjects have not been reported.

Therefore, we compared plasma
fibrinogen levels among nondiabetic sub-
jects and NIDDM subjects in a large pop-
ulation-based study in the elderly with a
view to the effect of treatment. In addi-
tion, the influence of metabolic control
and other selected factors was investi-
gated.

RESEARCH DESIGN AND
METHODS — The Rotterdam Study is
a population-based follow-up study on
the determinants of chronic disabling dis-
eases in the elderly as described elsewhere
(9). All inhabitants of a suburb of Rotter-
dam aged 55 years and older were invited
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to participate. Of the 10,275 people in-
vited, 7,983 (77.7%) were interviewed
and 7,129 (69.4%) completed the exam-
inations at the research center. Informed
consent was obtained from all subjects,
and the study was approved by the med-
ical ethics committee of the Erasmus Uni-
versity Medical School. In a random sam-
ple of 2,971 participants, plasma
fibrinogen level was determined. All anal-
yses presented here were performed in
these subjects.

The participants were interviewed
in their homes by trained research assis-
tants, using a computerized question-
naire. This included an assessment of cur-
rent medication use and the Rose
questionnaire for cardiovascular com-
plaints (10). Subsequently, the partici-
pants came to the research center irre-
spective of the time since last meal. Blood
was drawn by venipuncture. Fruc-
tosamine was measured by test combina-
tion 1054686 from Boehringer Mann-
heim. Plasma fibrinogen levels were
determined by means of an AQ. coagu••
lometer, except if the coagulation time
was outside the normal range (>19 s); in
that case the Clauss-A method (semiauto-
matic equipment with electro-optical de-
tection of the clot) was used. There is a
very high agreement between the two
methods (11). Subjects without antidia-
betes medication received a glucose drink
(200 ml water with 75 g glucose), and 2 h
later a second blood sample was obtained.
Diabetes was defined as the use of antidia-
betes medication or a random or postload
glucose level > 11 mmol/1.

RESULTS— A crude comparison of
plasma fibrinogen levels among nondia-
betic subjects and NIDDM subjects
showed a significant increase in the latter
group, but after adjustment for age this
difference no longer persisted: 2.81 g/1
(SE 0.01) vs. 2.84 g/1 (0.04; P - 0.5). No
difference in plasma fibrinogen was
present across subjects without diabetes,
with newly diagnosed diabetes, and with
known diabetes. Table 1 presents a com-
parison of some characteristics across
four groups defined with respect to dia-
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Table 1—Age- and sex-adjusted characteristics across subjects without diabetes and those using different treatments for diabetes

Number
Age (years)
BMI (kg/m2)
Waist-to-hip ratio
Leukocyte count (lOVmm3)
Erythrocyte sedimentation rate (mm/h)
Fructosamine (/xmol/1)
Creatinine (/xmol/1)
Current smoking (%)
Hypertension (%)

No diabetes

2,640
70.5(0.17)
26.5 (0.084)
0.89 (0.0018)
6.86 (0.052)
12.2 (0.24)

305.2(1.12)
81.9(0.4)
22.4
29.4

No medication

196
75.6 (0.66)
27.2 (0.31)*
0.92 (0.0065)t
7.25(0.191)
13.9 (0.87)

345.7 (41.2)t
84.6 (1.4)
27.5
44.8

Diabetes

Oral medication

99
74.5 (0.76)
26.8 (0.43)
0.92 (0.0090)t
7.20 (0.267)
12.7(1.22)

364.7 (5.75)T
83.1 (2.0)
28.5

41.6t

Insulin therapy

36
72.3(1.26)
25.4 (0.85)*
0.90(0.0177)
7.09 (0.526)
15.7 (2.40)t

405.1 (11.32)t
85.6 (3.7)
16.7
43.6

Data are means (SE). Hypertension is defined as systolic blood pressure 5: 160 mmHg or diastolic blood pressure £95 mmHg or use of antihypertensive medication.
Test for differences among subjects without diabetes: *P < 0.05, ?P < 0.01.

betes treatment (no diabetes, no antidia-
betes medication, oral medication, and
insulin). All analyzed variables were in-
creased in subjects with NIDDM. More-
over, the erythrocyte sedimentation rate
and serum fructosamine level were in-
creased in those using insulin compared
with other diabetic patients.

The comparison of age- and sex-
adjusted mean plasma fibrinogen levels
across the four diabetes treatment groups
revealed a substantial increase in the in-
sulin-treated group but no difference
across the remaining three groups (Fig.

3.5

Fibrinogen (g/l)
• Men
VA Women

3.0

2.5

1). This remained after adjustment for
age, sex, smoking, BMI, and waist-to-hip
ratio: in subjects without diabetes and in
those not taking antidiabetes medication,
taking oral medication, and taking insulin
the plasma fibrinogen levels were 2.79
(0.014), 2.72 (0.051), 2.77 (0.070), and
3.17 (0.132) g/l (P < 0.01), respectively.
Adjustment for leukocyte count, as an in-
dicator for inflammatory processes, or se-
rum creatinine, as an indicator for renal
function, did not affect the observed dif-
ference in plasma fibrinogen levels. How-
ever, adjustment for fructosamine, as an

* *

no diabetes no medication oral medication insulin therapy
Diabetes treatment

Figure 1—Age-adjusted mean plasma fibrinogen level (grams per liter) for men and women across
groups without diabetes and those using different treatments for diabetes. Error bars indicate SE. **P <
0.01, compared with subjects without diabetes.

indicator for metabolic control, slightly
decreased the magnitude of association:
plasma fibrinogen levels across the four
groups were 2.79 (0.014), 2.68 (0.051),
2.72 (0.071), and 3.09 (0.133) g/l (P <
0.05), respectively. Further adjustment
for the presence of hypertension or other
cardiovascular disease did not change the
differences of plasma fibrinogen levels
across the four groups.

CONCLUSIONS— In this cross
sectional population-based study, we
found no difference in plasma fibrinogen
levels among subjects with and without
NIDDM nor across groups of subjects
with diabetes, subjects with newly diag-
nosed diabetes, and known diabetic pa-
tients. The comparison across the four
groups with respect to diabetes treatment
(no diabetes, no antidiabetes medication,
oral medication, and insulin) revealed a
significant increase in plasma fibrinogen
only in those using insulin, which re-
mained after adjustment for possible con-
founders.

A limitation of the Rotterdam
Study is the use of a nonfasting blood
sample. This could increase the impreci-
sion of the diagnosis of diabetes. How-
ever, this does not affect the categories of
diabetes treatment. Because the results are
based on cross-sectional data, no causal
relations can be inferred.

The lack of association between
NIDDM and plasma fibrinogen is differ-
ent from certain previously published
studies (6,7,12,13). However, these stud-
ies were hospital based, and hospitalized
patients tend to have more severe diabetes
with more complications. Moreover, the
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majority of the subjects studied used in-
sulin. The observed lack of association be-
tween diabetes duration and plasma fi-
brinogen is consistent with previous
findings (6,7). Increased fibrinogen levels
have been reported in subjects with albu-
minuria, an indicator of vascular pathol-
ogy (12). In our study, however, only re-
nal function, assessed by serum creatinine
level, was available. This could not ex-
plain the increased fibrinogen level in
subjects with insulin therapy.

Serum fructosamine levels were
increased in subjects using insulin, indi-
cating poorer metabolic control. Adjust-
ment for fructosamine slightly decreased
the magnitude of the difference in plasma
fibrinogen. It seems, therefore, that the
increased fibrinogen level in NIDDM sub-
jects using insulin is, at least in part, due
to the poorer metabolic control. Fruc-
tosamine is not commonly used in clinical
practice. However, it has been shown that
fructosamine accurately reflects the mean
blood glucose level of the previous weeks
and provides a valid indicator of meta-
bolic control (14). Moreover, recently a
similar association has been described be-
tween HbAlc and plasma fibrinogen (15).

In conclusion, we observed that
NIDDM subjects treated with insulin have
higher plasma fibrinogen levels. Because
fibrinogen has been shown to be a risk
factor for cardiovascular diseases, preven-
tion of these diseases should especially fo-
cus on these patients.
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