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Summary

Background: Type 2 diabetes mellitus (T2DM) is char-
acterized by endothelial dysfunction, increased thrombo-
geneisity and abnormal inflammatory response.

Hypothesis: 'We hypothesizsed that insulin depen-
dence/exogenous insulin administration may affect thr-
ombotic/inflammatory status and endothelial function in
patients with T2DM and coronary artery disease (CAD).

Methods: Fifty-five patients with T2DM + CAD (26
insulin-treated (INS) and 29 under oral biguanide +
sulphonylurea (TABL)) were recruited. Endothelial func-
tion was assessed by gauge-strain plethysmography, and
serum levels of inflammatory and thrombotic mark-
ers were determined by enzyme linked immunosorbent
assay.

Results: There was no significant difference in endo-
thelium-dependent dilation (EDD) between the study
groups, while EDD was correlated with fasting glu-
cose levels in both INS (r = —0.776, p = 0.0001) and
TABL (r = —0.702, p = 0.0001). Patients in INS group
had higher levels of interleukin-6 (IL-6), tumor necrosis
factor alpha (TNF-a), monocyte chemoattractant protein
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(MCP-1) and vascular cell adhesion molecule (sVCAM-
1), compared to TABL. However, TNF-a was nega-
tively correlated with protein C (PrtC) only in INS (r =
—0.726, p = 0.01) but not in TABL group (r = —0.066,
p = 0.738). Similarly, sVCAM-1 was correlated with
PrtC only among INS patients (r = —0.451, p = 0.046)
but not in TABL (r = 0.069, p = 0.727). In multivari-
ate analysis, insulin dependence was a predictor of IL-
6, TNF-a, MCP-1 and sVCAM-1 levels independently
from the patients’ demographic characteristics, the angio-
graphic extend of CAD or the duration of diabetes.

Conclusions: Insulin treatment in patients with type
2 diabetes mellitus affects the expression of inflamma-
tory cytokines and subsequently modifies the thrombotic
mechanisms in patients with coronary atherosclerosis,
independently from the duration of diabetes and the
extend of coronary artery disease.
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Introduction

Coronary artery disease (CAD) is the leading cause of
mortality in diabetic patients.! Glycemic control seems
to decrease cardiovascular risk in type 2 diabetic patients
(T2DM) with CAD.! However, it is still unclear whether
insulin treatment is superior to oral hypoglycemic agents,
since several oral antidiabetic medications seem to have
additional beneficial effects on cardiovascular system,
further to the decrease of blood glucose levels.?

Evidence suggests that inflammation is a key feature
in atherogenesis in T2DM.? Proinflammatory cytokines
(such as interleukin-6 (IL-6) and tumor necrosis factor
alpha (TNF-a)), are produced by adipose tissue in large
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amounts in obese individuals and especially in patients
with T2DM.? These inflammatory molecules are elevated
in patients with insulin resistance, and have been shown
to predict cardiovascular risk. Diabetic patients have
also increased thrombogeneicity,* a factor contributing
to the increased risk for atherothrombosis observed in
these patients. Clear links between inflammation and
thrombosis in these subjects are now well established,
since proinflammatory cytokines regulate the synthesis
of several endothelium- or liver- derived components of
the thrombosis fibrinolysis system.

Insulin is a key feature in the regulation of all these
proatherogenic mechanisms,> since insulin resistance is
largely dependent on the inflammatory status of adi-
pose tissue and the local production of proinflammatory
cytokines such as TNF-a® while as a anabolic hormone, it
has proatherogenic properties.” Although insulin induces
nitric oxide (NO) synthesis in healthy endothelium,? it
may have an opposite effect in the presence of insulin
resistance, observed in T2DM.?

We examined whether exogenous insulin administra-
tion in patients with type 2 diabetes mellitus affects the
expression of proinflammatory cytokines, the thrombo-
genic status and endothelial function in patients with
T2DM and CAD.

Methods
Participants

Fifty-five patients with T2DM + CAD (26 under in-
sulin treatment and 29 under oral antidiabetic treatment)
were recruited in this study (Table 1). All subjects were
selected from the registry of the Cardiology Department
in Hippokration Hospital of Athens, and they had angio-
graphically documented CAD, with at least one coronary
stenosis >50%. Diabetes mellitus was defined in accor-
dance with the National Data Group Criteria.'® Patients
under oral treatment were receiving sulfonylurea plus
diguanides only, while patients in the (INS) insulin-
treated group were exclusively under insulin treatment,
for at least 1 year before recruitment. All patients had
HbA1c<8.0 mg/dL at the beginning of the protocol.
Patients in the two groups had similar glycemic con-
trol, and were under the same diet. The exclusion criteria
were tobacco use within the past 5 years, evidence for
hepatic or hematologic abnormalities and coronary event
during the last 3 months before recruitment. Blood sam-
ples were obtained after overnight fasting, before the
patients received their morning medication. The proto-
col was approved by the Institutional Ethics Committee,
and an informed consent was given by each subject.

Forearm blood flow measurements

Forearm blood flow (FBF) was measured using gauge-
strain plethysmography (EC-400, D.E. Hokanson Inc)

and analyzed by a personal computer (Hokanson NIVP3
software), as we have previously described.!! Forearm
vasodilatory response to reactive hyperemia (endothe-
lium-dependent dilation-(EDD)), was defined as the per-
centage change of FBF from baseline to the maxi-
mum flow during reactive hyperemia. Forearm vasodila-
tory response to nitrate (EID) was defined as the per-
centage change of FBF from baseline to the maxi-
mum flow after sublingual administration of 0.8 mg
nitroglycerine.!! EDD was considered as an index of
endothelium-dependent dilation, while EID was consid-
ered as an index of endothelium independent dilation, as
previously established.!!

Biochemical Analyses

Plasma levels of the examined markers of throm-
bosis/fibrinolysis, system were determined as follows:
von Willebrand factor vWF (von Willebrand Reagent,
DADE BEHRING Inc Germany), forearm vasodilatory
fV(Coagulation factor V activity, DADE BEHRING Inc
Germany), fVII (Coagulometric method for determi-
nation of factors II, VII and X activities, by DADE
BEHRING Inc Germany), protein C (PrtC) (Reagents
for the determination of protein C activity, by DADE
BEHRING Inc Germany) and prtS (clotting assay of pro-
tein S by STA analyzers, STACLOT PROTEIN S kit,
Diagnostica Stago, France). Enzyme linked immunosor-
bent assays were used for the determination of serum
levels of vascular cell adhesion molecule (sVCAM-1),
monocyte chemoattractant protein-1 (MCP-1), TNF-a
and IL-6 (ELISA kits by R&D Systems Inc. USA).

Statistical Analysis

The statistical analysis was performed using a personal
computer and SPSS 9.0 statistical package. Normally dis-
tributed variables are expressed as means & Standard
Error of the Mean (SEM), while non-normally distributed
variables were log-transformed for analysis and are pre-
sented in the nonlogarithmic format as median (25th
—75th percentile). Unpaired t-test or Mann—Whitney U
test were used as appropriate, to evaluate the differences
in variables between the two groups. Univariate analy-
sis was performed to assess correlations between vari-
ables. To examine the role of insulin dependence on the
examined parameters, we performed multivariate analy-
sis by using as dependent variables the inflammatory and
thrombotic markers and as independent variables insulin
treatment as well as those of the clinical risk factors
(age, gender, dyslipidemia, body mass index, hyperten-
sion, duration of diabetes and HbAlc), which showed
a significant association with the dependent variables in
univariate analysis at 15% significance level. A backward
elimination procedure was applied in all multivariate
models (using p<0.05 as the threshold for removing a
variable from the model).
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TABLE 1 Demographic characteristics, forearm blood flows and biochemical measurements

Insulin-treated group ~ Group under oral hypoglycemic agents

Number of patients 26 29

Age (years) 66.0 £+ 2.04 66.41 +1.89
Sex (male/female) 22/4 2772
BMI (Kg/m?) 27.00 £ 0.64 27.21 £0.47
Duration of diabetes (years) 16.69 +2.14 16.72 +£2.02
Hypercholesterolemia (n) 14 11
Family history of CAD (n) 5 12
Hypertension (n) 15 14
HbAlc (%) 7.03 £0.21 7.05+0.16
Fasting glucose (mg/mg) 170.76 £ 10.82 167.21 £+ 10.81
Fasting cholesterol (mg/mL) 188.07 £3.94 188.14 £2.62
Triglycerides (mg/mL) 65.86 =2.49 69.66 £ 3.07
HDL (mg/mL) 31.34 +1.09 31.314+1.249
Medication

Aspirin (n) 26 29
Statins (n) 19 14
ACEi (n) 14 18
Biguanides (n) — 29
Sulphonylurea (n) — 29
Insulin (n) 26 —
FBF-1 (mL/100 mL tissue/min) 42403 41+03
RHF (mL/100 mL tissue/min) 6.5+04 6.1£03
EDD (%) 50.4+5.9 53.7+5.5
FBF-2 (mL/100 mL tissue/min) 41+0.2 3.940.2
NTG-Flow (mL/100 mL tissue/min) 69+04 6.4+0.3
EID (%) 72.2 5.8 65.5+6.6

Von Willebrand factor (%)“
Protein C (%)*

Protein S (%)*

Factor V (%)“

Factor VII (%)*

114(88-151)

96.4(62.9-130.4)
82.0(71.0-92.3)

140(110-158)

92.3(60.1-107.3)

132(99-174)

100(84.7-114.6)
98.0(70.0-103.5)

150(115-206)

94.8(68.17-106.3)
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BMI, Body mass index; HDL, High density lipoprotein; ACEi, Angiotensin converting enzyme inhibitor;
FBF-1 and -2, Resting forearm blood flow 1- and 2-; EDD, Hyperemic %change of forearm blood flow;
EID, % change of forearm blood flow after nitrate; RHF, Maximum flow during reactive hyperemia;
NTG-Flow, Maximum flow after nitrate; Continuous values are expressed as means £ SEM.

¢ Values expressed as median(25th—75th percentile).

*p<0.05, ** p<0.01 vs. insulin-treated group.

Results
Forearm Blood Flow

There was no significant difference in resting or hyper-
emic FBF between patients treated with oral antidi-
abetic medication and those under exogenous insulin
treatment (Table 1). Similarly, there was no significant
difference in EDD or EID between the two types of
diabetic patients. EDD was significantly correlated with
fasting glucose levels at the time of the examination in
both patients under insulin (r = —0.776, p = 0.0001) and
those under oral medication (r = —0.702, p = 0.0001).

Inflammatory and Thrombotic Markers

INS patients, had higher levels of IL-6 and TNF-a
(p<0.05 for both, Table 1, Fig. 1) as well as higher levels
of MCP-1 (p<0.05) and sVCAM-1 (p<0.01) (Table 1,
Fig. 2) compared to those under oral treatment. Serum

TNF-a was correlated with sVCAM-1 in both patients
under insulin (r = 0.404, p = 0.041) and those under oral
treatment (r = 0.566, p = 0.001).

There was no significant difference in plasma PrtC,
PrtS, FV, FVII and vWF between patients receiving
insulin and those under oral treatment (p = ns for all,
Table 1). However, TNF-a was negatively correlated
with PrtC only in patients under insulin treatment (r =
—0.726, p = 0.01, Fig. 3(a)) but not in patients receiving
oral treatment (r = —0.066, p = 0.738, Fig. (b)). Simi-
larly, sVCAM-1 was correlated with PrtC levels only
among patients under insulin (r = —0.451, p = 0.046)
but not among those under oral treatment (r = 0.069,
p= 0.727).

Multivariate Analysis

To examine whether insulin dependence is associated
with the examined inflammatory markers independently
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Fig. 1 Patients with coronary artery disease (CAD) and type 2 diabetes mellitus (T2DM) treated with exogenous insulin
(Ins-treatment) had significantly higher levels of proinflammatory cytokines such as interleukin-6 (IL-6) and tumor necrosis
factor alpha (TNF-a) compared to those under oral treatment (oral treatment), despite the similar glycemic control and
duration of diabetes. Values expressed as median (horizontal line), 25th and 75th percentiles (box), and the minimum and
maximum observed values that are not statistically outlying (bars). Outliers/extreme values are presented as open circles.
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FiG. 2 Patients with coronary artery disease (CAD) and type 2 diabetes mellitus (T2DM) treated with exogenous insulin (Ins-
treatment) had significantly higher levels of monocyte chemoattractant protein-1 (MCP-1) and soluble vascular cell adhesion
molecule (sSVCAM-1) compared to those under oral medication (oral-treatment), despite the similar glycemic control and
duration of diabetes. Values expressed as median (horizontal line), 25th and 75th percentiles (box), and the minimum and
maximum observed values that are not statistically outlying (bars). Outliers/extreme values are presented as open circles.

from the patients demographic characteristics, body mass
index (BMI), the duration of diabetes, the glycemic con-
trol or the angiographic extend of coronary artery dis-
ease, we performed multivariate analysis. Indeed, the
only independent predictors for IL-6 levels were insulin
dependence ( = 2.07 (SE:0.76), p = 0.022) and smok-
ing (B = 2.31 (SE:1.02), p = 0.023) (R? for the model =
0.157), while for TNF-a the independent predictors
were insulin dependent (8 = 1.23 (SE:0.50) p = 0.018),
smoking (B = 1.67 (SE:0.60), p = 0.008), the dura-
tion of diabetes (p = 0.74 (SE:0.024), p = 0.003) and
arterial hypertension (f = 1.12 (SE:0.52), p = 0.036)
(R? for the model = 0.323). Similarly the only inde-
pendent predictors of MCP-1 were insulin dependent
(B =78.8 (SE:29.9), p=10.011) and the angiographic
extend of CAD (B = 98.4 (SE:20.9, p = 0.0001) (R?
for the model = 0.407), while for sVCAM-1 levels

the independent predictors were again insulin depen-
dent (B = 131.2 (SE:39.3), p = 0.003) the duration of
diabetes (B = 5.76 (SE:1.84), p = 0.003) and the pres-
ence of arterial hypertension (B = 130.8 (SE:40.7), p =
0.002) (R? for the model = 0.387).

Discussion

In the present study, we showed that diabetic patients
with CAD receiving insulin, had higher levels of IL-
6, TNF-a and of sVCAM-1 compared to those receiv-
ing oral treatment, independently from patients’ demo-
graphic characteristics, glycemic control or the angio-
graphic extend of CAD. Furthermore, TNF-a was neg-
atively correlated with protein C only in insulin-treated
patients but not in those under oral hypoglycemic treat-
ment, suggesting that insulin administration affects the
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FIG. 3 Among patients with coronary artery disease (CAD) and type 2 diabetes mellitus (T2DM) treated with exogenous
insulin (Ins-treatment), serum tumor necrosis factor alpha (TNF-a) was negatively correlated with protein C plasma levels
(a), while no such correlation was observed among patients treated with oral medication (b).

expression of inflammatory cytokines and subsequently
modifies the thrombotic mechanisms.

Insulin is an independent predictor for cardiovascular
risk in T2DM.!? Subjects with insulin glucose tolerance
and normal glucose levels, have increased cardiovascu-
lar risk, as a result of increased insulin levels.!? As an
anabolic molecule, insulin seems to have proatherogenic
properties,” although it can also be hypothesized that
insulin levels could be just a marker of insulin resis-
tance, and is not directly involved in atherogenesis at a
clinical level.

In contrast, insulin may have beneficial effects on car-
diovascular system, since it stimulates NO release, via
the 1-arginine-nitric oxide pathway, a mechanism with a
central role in the vasodilator action of insulin,® which
is, however, impaired in obesity.9 Furthermore, it may
have antiinflammatory effects,' since it decreases the
expression of proinflammatory cytokines from vascular
wall, by modulating the regulatory role of nuclear factor
kappa B pathway.!> Indeed, in vitro data obtained from
human aortic endothelial cells showed that insulin sup-
pressed intracellular adhesion molecule 1 expression and
secretion through its effects on NO synthesis, !¢ while at a
clinical level, insulin may have antiinflammatory effects
in obese humans.!” However, recent evidence suggested
that insulin induces TNF-a secretion in human subcuta-
neous adipose cells,'® implying that insulin may affect
cytokine synthesis, in a tissue-specific way.

We hypothesized that in human T2DM, where the
main source of proinflammatory cytokines is adipose
tissue and where insulin resistance is a key feature
in atherogenesis, exogenous insulin administration may
induce proinflammatory cytokines synthesis.

We found that patients treated with insulin, had sig-
nificantly higher levels of all the examined inflammatory
markers, an effect that was independent from glycemic
control, the angiographic extend of CAD or the dura-
tion of diabetes. However, it is also likely that TNF-a
and IL-6 may induce insulin resistance,'® while previous
studies have shown that a low dose of insulin infusion

benefit the clinical outcomes of both diabetic and non-
diabetic patients with acute myocardial infarction.?0?!
In either case, our findings imply that in T2DM, the
improvement of insulin resistance (e.g. weight loss or by
using insulin sensitizers) could be a more useful strategy
to decrease proinflammatory cytokines synthesis, than
controlling glucose levels by exogenous insulin admin-
istration.

Hyperglycemia in diabetes mellitus induces endothe-
lial dysfunction through several mechanisms.”?> Fur-
ther to hyperglycemia, insulin resistance and obesity
are additional components of endothelial dysfunction in
T2DM.?? Although insulin stimulates NO release by act-
ing directly on endothelial cells,® in the presence of
insulin resistance (a common finding in T2DM), the
net effect of exogenous insulin administration could be
proatherogenic.’ Indeed, hyperinsulinaemia under condi-
tions where pathways leading to production of NO are
impaired but pathways related e.g. to endothelin pro-
duction are intact, has an adverse effect on vascular
endothelium.” In addition, other pathological effects of
hyperinsulinaemia in the vasculature such as prolifer-
ation of vascular smooth muscle cells and accelerated
atherosclerosis®® are also hyperactive in the presence of
insulin resistance.

In the present study, we have shown that exogenous
administration of insulin does not improve endothelial
function in patients with T2DM, compared to patients
treated with oral hypoglycemic agents, even in the
presence of similar glycemic control. Similarly, plasma
vWF levels (an index of endothelial cells integrity in
diabetes),”* were also similar between patients treated
with insulin or oral medication.

T2DM is associated with increased thrombogene-
icity and elevated risk for thrombotic events.”® Dia-
betic patients have elevated fV and fVIL,>> an effect
which is closely related with insulin resistance, although
the underlying mechanisms connecting diabetes/insulin
resistance with these prothrombotic molecules, are
unknown.
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Proteins C and S are vitamin K-dependent proteins
produced by hepatocytes and they inactivate factor V,,
having in this way anticoagulant effects.”” In diabetes
mellitus, factor V is increased while proteins C and S
plasma levels are decreased.” Evidence suggests that
TNF-a depresses the gene expression of PrtC mRNA in
the liver,2® while the exact mechanisms of this associa-
tion are unclear. Furthermore, insulin itself may depress
protein C-antigen synthesis, since protein C is decreased
in patients with type 1 diabetes?’ although it is unclear
whether there is any difference between patients with
diabetes type 1 and 2.

We have shown that although none of the exam-
ined markers of thrombosis was different between the
two study groups, plasma protein C was correlated with
TNF-a and sVCAM-1 only in those patients who were
under insulin treatment, but not in those who were under
oral antidiabetic medication, suggesting that proinflam-
matory stimuli and especially TNF-a, may be connective
links between exogenous insulin administration and pro-
tein C levels in patients with T2DM and CAD.

The observational design is a limitation of the study.
As in all observational studies, it is difficult to know
whether the choice of treatment is really causative in
affecting the levels of these inflammatory markers, or
whether patients who are able to be controlled with oral
agents have lower circulating levels of these inflamma-
tory markers for other reasons.

In conclusion, we have shown for the first time that
in patients with CAD, insulin-dependent T2DM is asso-
ciated with higher levels of IL-6, TNF-a and sVCAM-1,
compared to T2DM treated with oral antidiabetic medi-
cation, independently from glycemic control, the angio-
graphic extend of CAD or the duration of diabetes.
Furthermore, the negative correlation observed between
inflammatory markers and protein C in patients receiving
exogenous insulin treatment, suggests that proinflamma-
tory cytokines may be a link between insulin adminis-
tration and increased thrombogeneicity in patients with
T2DM. These findings imply that insulin sensitization
should be the first priority in patients with CAD and
T2DM, while exogenous insulin should be administered
with caution.
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