
Abstract We evaluated the relationship between plasma
fibrinogen concentration and the serum levels of interleukin-6
(IL-6), its soluble receptor, and their complex in patients with
type 2 diabetes mellitus. The study comprised 57 patients with
type 2 diabetes and 15 normal healthy controls. Serum levels
of IL-6, soluble IL-6 receptor (IL-6R), and circulating IL-6/IL-
6R complex were determined by enzyme-linked immunosor-
bent assays. Correlations between the different study parame-
ters and serum IL-6, IL-6R, or IL-6/IL-6R complex levels
were determined by multiple linear regression analysis. Any
association between the different study parameters and the
serum levels of IL-6, IL-6R, or IL-6/IL-6R complex were
determined by stepwise linear regression analysis. The serum
IL-6 level in diabetic subjects was significantly higher than in
normal healthy controls (3.48 ± 3.29 pg/ml vs 0.784 ± 0.90
pg/ml, mean ± SD, respectively, P = 0.0001). The specific
optical density of the serum IL-6/IL-6R complex in diabetic
patients was also significantly higher than in normal healthy
controls, although there was no significant difference in the
serum IL-6R level between diabetic patients and controls. The
serum IL-6 concentration was correlated significantly with the
HbA1C level (β = 0.58, P = 0.04) by multiple regression analy-
sis. Stepwise regression analysis revealed that the levels of
serum IL-6 (F = 8.251), HbA1C (F = 7.108), and serum urea
nitrogen (F = 5.603) were associated with the plasma fibrino
gen concentration. These results suggest that hyperglycaemia
and increased levels of serum IL-6 can increase the plasma 
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Introduction

Patients with diabetes mellitus have been reported to have
increased levels of fibrinogen in their plasma and this is now
recognized to be one of the cardiovascular risk factors in
diabetes mellitus [1, 2]. The Prospective Cardiovascular
Munster (PROCAM) study also showed that increased plas-
ma fibrinogen is an independent risk factor for atherosclero-
sis [3]. Additionally, in the same study, raised fibrinogen
was found to be associated with obesity, lack of exercise,
serum triglycerides, serum cholesterol, male sex, and dia-
betes. It is important to recognize the existence of this puta-
tive hypercoagulability state in the overall care of diabetic
patients since they have a high incidence of ischaemic heart
disease and other vascular diseases.

Interleukin-6 (IL-6) is a multifunctional cytokine that
induces a variety of biological responses in different target
cells.

IL-6 has been shown to induce fever and the secretion of
acute phase proteins such as fibrinogen from hepatocytes [4,
5]. Two membrane proteins, IL-6 receptor (IL-6) and gp130,
are both necessary and sufficient for constituting a functional
receptor complex. Recently, the presence of soluble IL-6R
and IL-6/IL-6R complexes was reported in serum, and levels
of the IL-6/IL-6R complex are increased in patients with sys-
temic juvenile rheumatoid arthritis [6].

Therefore, in this study, we have investigated the levels of
IL-6, its soluble receptor, and their complex in sera taken from
patients with type 2 diabetes in order to clarify the influence of
this cytokine system on the plasma fibrinogen concentrations.
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Subjects and methods

Subjects

Fifty-seven patients with type 2 diabetes (mean age 57.6 years, range
23-77; mean duration of diabetes 9.8 years, range 2-23) and 15 nor-
mal healthy controls (mean age 50.0 years, range 25-76) were stud-
ied. All of the subjects were non-smokers. Twenty-four diabetic
patients had simple retinopathy, 14 patients had proliferative
retinopathy while 19 had no retinopathy. Microalbuminuria was pre-
sent in 12 patients, while 18 had overt proteinuria. Mild neuropathy
was seen in 33 patients, while the other 24 patients had no neuropa-
thy. Informed consent was obtained from all subjects according to the
1964 declaration of Helsinki. Blood and urine samples were taken
early in the morning while the patients fasted for serum glucose,
serum total cholesterol, serum triglycerides, serum high density
lipoprotein (HDL)-cholesterol, serum urea nitrogen, serum creati-
nine, plasma fibrinogen, and HbA1C. Urinary albumin and urinary
creatinine levels were also determined.

Serum glucose was measured by the hexokinase method. Serum
total cholesterol and triglycerides were determined by enzymatic
calorimetric method (Determiner TC555 and TG555 diagnostic kits,
Kyowa Medex, Tokyo, Japan). Serum HDL-cholesterol was deter-
mined on the supernate obtained following precipitation of plasma
with heparin-manganese (Determiner-L HDL-C diagnostic kits,
Kyowa Medex). Plasma fibrinogen was determined using an auto-
mated photo-optical coagulometer (CoagmasterII, Sankyo, Tokyo,
Japan). HbA1C was measured by HPLC method (Hi-AUTO A1C,
KDK, Kyoto, Japan). Urinary albumin was determined by latex tur-
bimetric immunoassays (Eiken alb, Eiken Chemicals, Tokyo, Japan).
Baseline characteristics of the subjects are shown in Table 1. 

Serum samples for IL-6, sIL-6R, and circulating IL-6/IL-6R
complexes were stored at -80°C until enzyme-linked immunosor-
bent assays (ELISAs) were performed.

Determination of serum IL-6, IL-6R, and IL-6/IL-6R complex

Serum IL-6 and IL-6R levels were determined using commercial-
ly available ELISA kits (Cytoscreen human IL-6 immunoassay kit
and Cytoscreen human sIL-6R immunoassay kit; BioSource
International, Camarillo, Calif. USA). The limits of sensitivity of
ELISAs for serum IL-6 and sIL-6R levels were 2 pg/ml and 0.5
ng/ml, respectively.

To measure levels of the IL-6/IL-6R complex, a 96-well dish
coated with anti-IL-6R antibody (B-N12, BioSource Internation-
al) was used. Serum (200 µl) and biotinylated antibody to IL-6 (50
µl; 8H12, BioSource International) were added to each well and
incubated for 2 h at room temperature. After the incubation, the
sera were discarded and the wells were washed three times with
tris-buffered saline containing 0.02% Tween 20. Streptavidin-
horseradish peroxidase conjugate was then added and incubated at
room temperature for 20 min. The reaction was stopped by the
addition of 100 µl of 2N H2SO4, and absorbance was measured at
450 nm. 

To compare the levels of IL-6 present in the IL-6/IL-6R com-
plex, the amount of IL-6 was extrapolated from a standard curve
obtained by adding increasing concentrations of human recombi-
nant IL-6 to reference serum from a healthy adult control subject
and incubating for 45 min at 37°C.

Statistical analysis

Data were analysed by the Mann-Whitney U test for unpaired sam-
ples. Correlation among the levels of serum IL-6, IL-6R, and IL-6/IL-
6R complex were determined by simple linear regression analysis.
Correlation between the different study parameters and serum IL-6,
IL-6R, or IL-6/IL-6R complex was determined by multiple linear
regression analysis. Any association between the different study para-
meters and the values for serum levels of IL-6, IL-6R, or IL-6/IL-6R
complex was determined by stepwise linear regression analysis. A P
value of less than 0.05 was considered to be statistically significant.

Results

Serum levels of IL-6, IL-6R in diabetic patients

As shown in Fig. 1, serum IL-6 levels in the diabetic subjects
were significantly higher than in normal healthy controls
(3.48 ± 3.29 pg/ml vs 0.784 ± 0.90 pg/ml, mean ± SD,
respectively, P = 0.0001). All of the values for control sub-
jects except two were below 2 pg/ml, the limit of sensitivity.

In contrast to the results of the serum IL-6 study, there was
no significant difference in the levels of serum IL-6R between
the diabetic patients and controls (97.1 ± 23.9 vs 100.1 ± 23.4
ng/ml, Fig. 2). Simple regression analysis showed there to be
a significant correlation (r = 0.254, P = 0.057) between serum
IL-6 and serum IL-6R levels in diabetic patients. 

Table 1 Baseline characteristics of the subjects

Control Diabetic P-value
subjects patients

n 15 57

Age (years) 49.4±14.6 57.4±12.6 0.02

Duration of diabetes (years) - 9.8±5.4

Fasting serum glucose (mmol/L) 4.99±0.96 9.43±5.03 0.0001

HbA1C (%) 5.4±0.8 8.7±2.0 0.001

Serum total cholesterol (mmol/L) 5.39±0.93 5.40±1.10 NS

Serum triglycerides (mmol/L) 1.37±0.87 1.75±0.92 NS

Serum HDL-cholesterol (mmol/L) 1.42±0.32 1.33±0.39 NS

Serum urea nitrogen (mmol/L) 4.33±0.88 6.03±2.66 NS

Serum creatine (µmol/L) 64.09±21.04 73.20±64.09 0.005

Plasma fibrinogen (µmol/L) 8.44±1.16 10.35±1.82 0.02

Urinary albumin-creatinine
(mg/g creatinine) 8.5±6.7 225.9±461.6 0.001

Data are n or means ± SD
HDL, high-density lipoprotein; NS, not significant
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Determination of circulating IL-6/IL-6R complex levels

We constructed an ELISA based on the use of monoclonal
antibodies to human soluble IL-6R for capture and mono-
clonal antibodies to human IL-6 for detection of the serum IL-
6/IL-6R complex. The addition of human recombinant IL-6 to
normal sera (serum IL-6R: 100.4 ng/ml) resulted in a dose-

dependent increase in specific optical density (Fig. 3).
These data indicated that our assay could detect the serum
IL-6/IL-6R complex formed by the binding of exogenous
IL-6 to its soluble receptor. The specific optical density of
the serum IL-6/IL-6R complex in the patients with type 2
diabetes was significantly higher than that in normal
healthy controls (Fig. 4).

We studied the correlation between the levels of serum
IL-6/IL-6R complex, and serum IL-6 or IL-6R by simple
regression analysis in the diabetic patients. There was a sig-

P<0.0001

Fig. 1 Serum IL-6 concentrations in normal controls and diabetic
patients. The median values for each group are shown by horizon-
tal bars

Fig. 2 Serum IL-6R concentrations in normal controls and diabet-
ic patients. The median values for each group are shown by hori-
zontal bars. NS, not significant

Exogenous IL-6 (pg/ml)

Fig. 3 Dose-response curve of the ELISA for the IL-6/IL-6R
complex

P<0.01

Fig. 4 Specific optical density of serum IL-6/IL-6R complex in
normal controls and diabetic patients. The median values for each
group are shown by horizontal bars
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nificant correlation between serum levels of the IL-6/IL-6R
complex and IL-6 (r = 0.448, P = 0.005), but there was no sig-
nificant correlation between serum IL-6/IL-6R complex and
serum IL-6R.

Multivariate analysis of serum IL-6, IL-6R, and IL-6/IL-6R
complex levels in patients with type 2 diabetes

We analysed the correlation between serum levels of IL-6,
IL-6R, or Il-6/IL-6R complex and various clinical parame-
ters (age, duration of diabetes, HbA1C, serum glucose, total
cholesterol, triglycerides, HDL-cholesterol, urea nitrogen,
creatinine, and urinary albumin-creatinine ratio) by multi-
ple regression analysis in patients with diabetes (Table 2).
In diabetic patients, serum IL-6 correlated significantly
with HbA1C, and serum IL-6R correlated significantly with
serum creatinine and the urinary albumin-creatinine ratio.
There was no correlation between the values of serum IL-
6/IL-6R complex and these clinical parameters.

We analysed the determinants of plasma fibrinogen
using various clinical parameters (age, duration of dia-
betes, HbA1C, serum total cholesterol, triglyceride, HDL-
cholesterol, urea nitrogen, creatinine, glucose, IL-6, IL-6R,
IL-6/IL-6R complex, and urinary albumin-creatinine ratio)
by stepwise regression analysis in patients with diabetes. In
diabetic patients, serum IL-6, HbA1C, and serum urea nitro-
gen were independently associated with plasma fibrinogen
concentrations (Table 3).

Discussion

Interleukin-6 (IL-6) is a member of a class of pleiotropic
cytokines involved in regulating homeostasis and the
immune response. IL-6 has diverse biological activities, and
has been proposed as a mediator in infectious diseases [7],
and various inflammatory diseases [8], including autoim-
mune disorders [9].

In our study, the serum IL-6 concentration in patients
with type 2 diabetes was increased when compared to that
observed in control subjects. Our study also revealed that the
serum IL-6 concentration correlated significantly with
HbA1C in diabetic patients. It can therefore be hypothesized
that hyperglycaemia stimulates IL-6 production in hepato-
cytes, monocytes, or endothelial cells. 

Morohoshi et al. [10] reported that IL-6 production in
monocytes increases in conditions with high glucose media.
They speculated that osmolarity and tumour necrosis factor
partially affect IL-6 induction in monocytes in the hypergly-
caemic state. Koj et al. [11] reported an increase in IL-6 pro-
duction from monocytes in vitro  in the presence of advanced
glycation end-products. Yan et al. [12] also reported that
intracellular oxidative stress generated by advanced glyca-
tion end-products results in the activation of the free radical-
sensitive transcription factor NF-KB, one of the major tran-
scription factors involved in the regulation of IL-6. From
these facts, the formation of advanced glycation endproducts
may, at least partially, contribute to the induction of IL-6
under hyperglycaemic conditions.

IL-6R is cleaved and the 50-55 kDa soluble protein is
released into the circulation [13, 14]. A recombinant soluble
truncated form of the IL-6R can bind to IL-6, and interact
with membrane gp130 and transduce the biological signal in
target cells [15]. The soluble IL-6R binds the ligand IL-6
with an affinity that is comparable to that observed with the
membrane-associated receptor [16]. Moreover, IL-6 bound
to the soluble IL-6R generated by shedding elicits an IL-6
specific signal on cells which express gp130 on the cell sur-
face [17]. For example, IL-6/IL-6R complex up-regulates
the expression of acute-phase proteins in hepatic cells, and

Table 2 Multiple regression analysis between serum IL-6, IL-6R,
or IL-6/IL-6R complex and other clinical parameters in patients
with diabetes

IL-6 IL-6R IL-6/IL6R complex

β P β P β P

Age 0.14 0.39 0.20 0.20 0.20 0.20

Duration of
diabetes -0.22 0.20 -0.24 0.13 -0.12 0.47

HbA1C 0.58 0.04 0.18 0.47 0.10 0.71

Serum glucose -0.09 0.69 0.03 0.87 0.27 0.23

Serum total
cholesterol -0.09 0.58 0.03 0.82 0.01 0.96

Serum
triglycerides* -0.04 0.85 0.09 0.60 0.14 0.46

Serum
HDL-cholesterol -0.05 0.76 -0.04 0.80 -0.19 0.25

Serum urea
nitrogen 0.05 0.79 -0.20 0.26 0.19 0.32

Serum creatinine 0.12 0.53 0.42 0.02 -0.26 0.80

Urinary albumin-
creatinine ratio* 0.08 0.20 0.44 0.01 0.14 0.46

β, standard regression coefficient
* Log-transformed values were used

Table 3 Factors associated with plasma fibrinogen in patients with
diabetes

Dependent Indipendent Standard F-value
regression
coefficient

Plasma fibrinogen IL-6 0.354 8.251
HbA1C 0.326 7.108
Serum urea 0.264 5.603
nitrogen

R2 = 0.414 (P < 0.0001)

F-value to enter was set at 4.0 at each step
R2, multiple coefficient determination
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augments the human chorionic gonadotropin in trophoblasts
[18, 19]. May et al. [20] reported that soluble IL-6R ‘chap-
erones’ IL-6 in an active form and prevents its degradation.
Although we did not find a significant correlation between
clinical parameters and the elevated circulating levels of the
IL-6/IL-6R complex, there is a possibility that these circu-
lating complexes affect areas such as bone metabolism in
diabetes.

Elevated plasma fibrinogen concentration is known to be
an independent risk factor for atherosclerosis. Plasma fib-
rinogen is increased in diabetes, vascular disease, smoking,
and in many physical and metabolic stresses. The factors
which regulate plasma fibrinogen concentration are poorly
understood. Thyroid hormone, glucagon and acute insulin
deficiency are involved in the increase of fibrinogen con-
centration [21-23]. IL-4, IL-10 and IL-13 down regulate the
biosynthesis of fibrinogen in vitro [24]. 

Recombinant IL-6 stimulates the synthesis of a wide
spectrum of acute phase proteins from human hepatocytes
including fibrinogen. In contrast, recombinant IL-1β and
recombinant tumour necrosis factor-α exhibit suppressive
effects on fibrinogen production [25]. Ceriello et al. [26]
reported that the production of fibrinogen shows a direct cor-
relation with hyperglycaemia in both diabetic patients and
normal subjects in whom a hyperglycaemic state had been
artificially produced. In our study, the plasma fibrinogen
concentration was associated with serum IL-6 levels, but not
with serum IL-6R or IL-6/IL-6R complex levels. Taken
together, these data indicate that the elevated plasma fibrino-
gen levels in diabetes may, at least partially, be due to
increased IL-6 secretion induced by hyperglycaemia.

In conclusion, we found that serum levels of IL-6 and the
IL-6/IL-6R complex are elevated in diabetic patients and
that plasma fibrinogen shows a significant association with
serum IL-6 levels in diabetic patients. Given that serum IL-
6 correlates with HbA1C by multiple regression analysis, we
postulated that IL-6 induced by the hyperglycaemic state is
one of the mechanisms for the progression of atherosclerosis
in patients with diabetes.
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