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Plasma fibronectin levels in ischemic heart disease
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Abstract

Fibronectin is a paradigm adhesive protein which has been implicated in the regulation of several cellular processes and cell-cell
interactions. Large amounts of fibronectin have been detected in atherosclerotic plaques, while hypertension in animal models has
been shown to rapidly increase fibronectin expression in arterial walls. The aim of the present study was to determine the levels
of plasma fibronectin (FN) in 133 patients with ischemic heart disease and in 36 normal controls, and to investigate the possible
association with blood pressure. Plasma FN levels in patients with ischemic heart disease were found to be significantly elevated
(mean9S.D.; 46.5914.2 mg/dl) compared with the control group (38.0914.2 mg/dl) (P=0.002). Plasma FN concentrations
were significantly different between the hypertensive group (52.9914.5 mg/dl) and the normal blood pressure group (41.4911.8
mg/dl) among the patients with ischemic heart disease (PB0.001). Plasma FN concentration was positively correlated with total
cholesterol, triglyceride, systolic blood pressure and body mass index. In conclusion, the plasma fibronectin level may have
pathogenetic implications in association with lipid components and blood pressure in patients with ischemic heart disease. © 2001
Elsevier Science Ireland Ltd. All rights reserved.
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1. Introduction

Fibronectin (FN) is a high molecular weight glyco-
protein which occurs in a soluble form in plasma and
other body fluids, as well as in an insoluble form in the
extracellular matrix (ECM) of most tissues [1]. It serves
as a bridge between cells and the interstitial collagen
meshwork, and influences diverse processes including
cell growth, adhesion, migration and wound repair
[2,3]. Vascular endothelial cells seem to be the major
source of plasma FN, although FN is synthesized by a
variety of cells in vitro, including fibroblasts, smooth
muscle cells and epithelial cells [4].

Stenman et al. observed prominent immunofluores-
cent staining for FN in early cellular atherosclerotic
lesions of human muscular arteries, which may suggest
that excessive production contributes to the pathogene-
sis of atherosclerotic cardiovascular disease [5]. Fur-

thermore, hypertension in animal models has been
shown to rapidly increase FN expression, correlating
with the degree of blood pressure elevation [6–8]. The
aim of this study was to determine the levels of plasma
FN in ischemic heart disease and to investigate the
possible association of FN with blood pressure in
atherosclerosis.

2. Methods

2.1. Study groups

A total of 133 patients (male: 96, female: 37, mean
age: 59.9 years, range 36–89) who underwent diagnos-
tic cardiac catheterization were studied. According to
their angiographic findings, the group consisted of 58
patients with single-vessel disease, 38 patients with dou-
ble-vessel disease, and 37 patients with triple-vessel
disease. Clinical diagnosis included stable angina (n=
52), unstable angina (n=61), and acute myocardial
infarct (n=20). Unstable angina was defined as angina
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pectoris of recent onset, angina with deterioration dur-
ing the 4 weeks prior to admission with respect to pain
intensity and duration, or anginal pain at rest or during
very low physical exertion [9]. Stable angina was
defined as typical chest pain on exertion, associated
with horizontal or downsloping ST-segment depression
of \1.0 mm at 80 ms following the J point on an
exercise test. Acute myocardial infarct based on World
Health Organization criteria was defined as typical
chest pain, typical enzyme patterns, and diagnostic
ECG changes. A total of 59 patients were hypertensive
while 74 patients did not have hypertension as judged
by the criteria of the Joint National Committee and
WHO/International Society of Hypertension [10]. No
patient had thromboembolism, collagen disease, dis-
seminated intravascular coagulation, advanced liver
disease, renal failure, malignant disease, septicemia, or
any other inflammatory diseases. There were no differ-
ences in the number of patients receiving drugs (aspirin,
nitrates, b-blockers, calcium antagonists, ACE inhibitor
or anti-platelet agents) between the hypertensive group
and the normal blood pressure group (Table 1).

A total of 36 control subjects (male: 23, female: 13,
mean age: 57.6 years, range 42–79), matched the pa-
tients for age (control vs patients, P=0.169; normal
blood pressure vs hypertension, P=0.376) and gender
(control vs patients, P=0.337; normal blood pressure
vs hypertension, P=0.114), were selected from healthy
volunteers. ‘Healthy’ was defined as being free from
symptoms of heart disease and without hospitalization
for any illness during the previous 5 years.

2.2. Data collection

Blood samples were drawn between 8 and 11 am
while the subject was in a supine position, following 5
min of supine rest and an overnight fast. Weight was
measured in kilograms and height in meters. Body mass
index (BMI) was calculated as weight/height2. Systolic
and diastolic blood pressures were measured in a supine
position after a 5-min rest. Hypertension was defined as
blood pressure \140/90 mmHg. Diabetes mellitus was
defined as either insulin-dependent or non-insulin-de-
pendent diabetes mellitus. Smoking habits were as-
sessed by questionnaire and categorized as non-smoker
and smoker (current and former).

2.3. Laboratory methods

Plasma samples for FN assay were obtained from
3.8% citrated venous blood and centrifuged at 3000×g
for 15 min. Aliquots of separated plasma were stored at
−70°C until analyzed. FN was determined by nephelo-
metric immunoassay (Behring, Germany). Serum sam-
ples for lipid parameters were obtained after 12 h
fasting and Lp(a) levels were determined by ELISA
method (Boehringer Mannheim Biochemica, Germany).
Total and high-density lipoprotein cholesterol (HDLc)
and triglycerides were measured using the standard
enzymatic method with BM/Hitachi 747 (Boehringer-
Mannheim Diagnostics, Germany). Low-density lipo-
protein cholesterol (LDLc) was calculated using the
Friedewald formula if triglycerides were B400 mg/dl
[11].

Table 1
Characteristics of study groupsa

Ischemic heart diseaseControls (n=36)Characteristics

Hypertension (n=59)Normal blood pressure (n=74)Total (n=133)

Age (yr)
57.697.6 59.999.3Mean9S.D. 59.399.9 60.798.6

Range 42–79 36–89 36–89 37–79

23/13 96/37Men/women (n) 55/19 41/18
Smokers (n) 23 79 48 31

24.392.5 24.794.0Body mass index (kg/m2) 23.792.3 24.593.2
465* 22 24Diabetes mellitus (n)
5913 0 59Hypertension (n)

Clinical diagnosis
0 52 28 24Stable angina
0Unstable angina 2861 33

Acute myocardial infarct 713200

Medication used
0 58b blocker 31 27

Anti-platelet agent 0 90 51 39
0 374885Calcium antagonist
0 123Aspirin 71 52
0 25ACE inhibitor 14 11

a *PB0.05 versus total ischemic heart disease group. Values are expressed as mean9S.D. or number of individuals.
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Table 2
Plasma FN levels (mean9S.D.) in patients with ischemic heart
disease and controlsa

FN (mg/dl)Groups P valuen

46.5914.2Ischemic heart disease 0.002*133
41.4911.874 B0.001Normal blood pressure

59Hypertension 52.9914.5
36Controls 38.0 914.2

34.3911.023 0.038Normal blood pressure
Hypertension 13 44.5917.3

a *P value versus controls.

Table 3
Correlation coefficients for association with plasma FN and lipidsa

P valueVariable Correlation coefficient

0.739Lp(a) 0.028
0.002*0.243Total cholesterol

B0.001*Triglyceride 0.474
0.062HDL cholesterol −0.148

0.089 0.265LDL cholesterol
0.7070.029Age

Body mass index 0.049*0.174
Systolic blood pressureb 0.001*0.269
Diastolic blood pressureb 0.0660.146

a HDL, high density lipoprotein; LDL, low density lipoprotein
*PB0.05.

b Blood pressure measured at the time of blood collection for
laboratory tests including FN.

2.4. Statistical methods

Tests of normality were performed to verify the
distribution of study variables. Student’s t-test was used
to evaluate differences in continuous variables between
patient and control groups or normal blood pressure and
hypertension groups. The chi-square test was performed
for discrete variables. ANOVA analysis was used for
comparison among subgroups of patients. Pearson cor-
relation coefficient was used for the correlation analysis.
Odds ratios, as measures of relative risk, were estimated
using logistic regression analyses, and 95% confidence
intervals (CI) were computed. The plasma FN level was
categorized as (1) B40 mg/dl; (2) 40–55 mg/dl; and (3)
\55 mg/dl according to its distribution. All statistical
tests were two-sided and were considered to be statisti-
cally significant at a P value B0.05.

3. Results

Plasma FN levels in patients with ischemic heart
disease were found to be significantly elevated (mean9
S.D.; 46.5914.2 mg/dl), compared to the control group
(38.0914.2 mg/dl) (P=0.002, Table 2, Fig. 1). Plasma
FN concentrations were significantly different between

the hypertensive group (52.9914.5 mg/dl) and the
normal blood pressure group (41.4911.8 mg/dl) among
the patients with ischemic heart disease (PB0.001,
Table 2, Fig. 1). And among healthy controls, plasma
FN levels in the hypertensive group (44.5917.3 mg/dl)
were significantly higher (P=0.038) than those in the
normal blood pressure group (34.3911.0 mg/dl). The
plasma FN levels in the unstable angina group, the
stable angina group and the acute myocaridal infarction
group were 51.1915.2, 42.6912.2, and 42.6912.2
mg/dl, respectively. The plasma FN levels in the unstable
angina group were significantly higher (PB0.01) than
those in the stable angina and acute myocardial infarc-
tion groups. The plasma FN levels were not associated
with angiographic findings (one vessel, 46.4915.3 mg/
dl; two vessels, 43.9913.2 mg/dl; three vessels, 48.79
13.0 mg/dl, P=0.348). Plasma FN levels were not
correlated with serum Lp(a) as well as HDL or LDL
cholesterol, but were positively correlated with total
cholesterol, triglyceride, systolic blood pressure and
BMI in the patient group (Table 3). The odds ratios for
patients in each of the categorized FN levels are shown
in Table 4. The unadjusted odds ratio for ischemic heart
disease in the highest quadrant (\55 mg/dl) versus the
lowest quadrant of FN was 2.55 (95% CI, 1.19–5.47)
and the multivariate-adjusted odds ratio was 4.57 (95%
CI, 1.55–13.47).

Fig. 1. Distribution of fibronectin among groups. Each point repre-
sents a value from a single patient or control. Bars indicate the mean
concentration for each group. BP, blood pressure; IHD, ischemic
heart disease.

Table 4
Odds ratios for ischemic heart disease according to plasma FN levels

Univariate 95% CIFN Multivariatea

1b1bB40 mg/dl
40–55 mg/dl 1.11–6.942.771.70

\55 mg/dl 2.55 1.55–13.474.57

a Adjusted for age, sex, diabetes, smoking, hypertension and body
mass index.

b Reference category.
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4. Discussion

In this study, plasma FN levels were investigated in
ischemic heart disease. An increased level of plasma
FN, compared to the control group, was found in
patients with ischemic heart disease. Furthermore, un-
stable angina patients had higher concentrations of
plasma FN than patients with stable angina and acute
myocardial infarct. Similarly, some studies showed in-
creased plasma FN in ischemic heart disease [12,13].
Gavrilov et al. found that in patients with an unstable
angina, the plasma FN level was found to be high [13].
The high concentrations of plasma FN in unstable
angina patients may be related to the disruption of
coronary atherosclerotic plaques with exposure of the
atheroma to the blood flow. We determined that
plasma FN levels \55 mg/dl show a nearly fivefold
increased risk of ischemic heart disease compared to the
reference category (FN B40 mg/dl) after adjustment
for age, sex, diabetes, smoking, BMI and hypertension.

Hypertension in animal models has been shown to
rapidly increase in FN expression, correlating with the
degree of blood pressure elevation; this expression is
reversed by normalization of the blood pressure [6,8].
Several investigators have reported that the plasma FN
level was elevated in a group of preeclamptic patients
and that increased total plasma FN levels predicted the
development of gestational hypertension with a sensi-
tivity of 96% and a specificity of 94% [14,15]. Until
recently, it was assumed that higher plasma FN levels
in pregnancy-induced hypertensive disorder were
caused mainly by endothelial cell activation and/or
dysfunction and subsequent repair processes [16].

The values of hypertensive patients with ischemic
heart disease were higher than those of normotensive
subjects in this study. Hypertensive individuals in the
control group also showed increased plasma FN levels,
compared with normal blood pressure individuals. We
observed a correlation between elevated plasma FN
levels and systolic blood pressure. These findings sug-
gest that plasma FN could in part be implicated in the
pathogenesis of hypertension. However, we could not
determine how much total plasma FN is derived from
systemic endothelial cells [4] and how much is derived
from liver sinusoids [17], trophoblast [18] or increased
platelet activation [19].

We observed that plasma FN was positively corre-
lated with serum total cholesterol and triglyceride con-
centrations. Previously, plasma FN was reported to be
positively correlated with body mass index and serum
triglyceride concentration in overweight patients, sug-
gesting that metabolic disturbances related to body
obesity may lead to enhanced hepatic secretion of very
low density lipoprotein (VLDL) and several plasma
proteins including FN [20]. In humans, 60–70% of
cholesterol is transported by low density lipoprotein

(LDL) and LDL has been shown to stimulate the
production of the matrix glycoprotein FN and
chemoattractant expression [21]. In close accord with
this finding, we have demonstrated that there was a
positive correlation between plasma FN and total
cholesterol.

Previous reports have shown that plasma FN values
are significantly lower in women than in men [22]. In
our study, no significant differences in plasma FN were
observed between male and female among each age
group as well as between smokers and non-smokers
(data not shown). Similarly, aspirin may also be consid-
ered for its effect as an anti-inflammatory substance.
However, the fibronectin levels in aspirin-consuming
patients (mean: 46.6 mg/dl) were similar to those in
non-consuming patients (mean: 45.2 mg/dl). Therefore,
aspirin does not seem to affect the plasma fibronectin
levels.

Although the plasma FN levels were significantly
different between hypertension and normotension, and
between the control and ischemic heart disease groups,
as shown in Fig. 1, a rather wide distribution of indi-
vidual FN levels in each group was observed. Plasma
FN levels may be influenced not only by hypertension
and/or coronary artery disease, but also by BMI, total
cholesterol, triglyceride (as shown in the Table 3) and
other unknown factors. Compared with the patient
group, the number of controls is relatively small, which
is the limitation in our study. Further study based on a
large population and longitudinal study are needed to
confirm our results.

Although the exact mechanism of elevated FN in
ischemic heart disease and hypertension is not clear, it
is considered that the plasma FN level may have patho-
genetic implications in association with lipid compo-
nents in patients with ischemic heart disease and with
hypertension. However, further studies concerning the
impact of lipid mediators and FN deposition on the
pathogenesis of cardiovascular disease are necessary.
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