Cardiovasc Drugs Ther (2012) 26:301-309
DOI 10.1007/s10557-012-6388-y

Impact of Statins on the Coagulation Status of Type 2
Diabetes Patients Evaluated by a Novel

Thrombin-Generation Assay

P. Ferroni - D. Della-Morte - A. Pileggi - M. G. Valente -
F. Martini - F. La Farina - R. Palmirotta -
L. F. Meneghini - T. Rundek - C. Ricordi - F. Guadagni

Published online: 12 April 2012
© Springer Science+Business Media, LLC 2012

Abstract

Purpose Dyslipidemia is common in type 2 diabetes (T2D)
and contributes to cardiovascular disease (CVD) by exacer-
bating atherosclerosis and hypercoagulability. Statins can
stabilize atherosclerotic plaque and reduce prothrombotic
status. In the present study we aimed to evaluate the coag-
ulation activity and the effect of statins on procoagulant
state of T2D patients using a novel activated protein C
(APC)-dependent thrombin-generation assay.

Methods Procoagulant status (by HemosIL ThromboPath
(ThP) assay) and in vivo platelet activation (by plasma
soluble (s)CD40L levels) were analyzed in a retrospective,
cross-sectional study of 198 patients with long-standing
T2D and 198 controls.
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Results Procoagulant status of T2D patients was enhanced
when compared to control subjects (p<<0.0001). Similarly,
sCDA40L levels were increased in T2D (p<0.0001). When test-
ing ThP as the dependent variable in a multivariate regression
model, sCD40L (»p<0.0001) and statin treatment (p=0.019)
were independent predictors of the procoagulant state of T2D
patients. Subgroup analysis showed a significant improvement
of coagulability in T2D patients on statins (p=0.012).
Conclusions The use of a standardized, easy-to-run, and
commercially available APC-dependent thrombin-generation
assay detected the presence of a procoagulant status in a large
series of patients with long-standing T2D and demonstrated a
significant impact of statins in the coagulation status of
patients with T2D.
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Introduction

Diabetic dyslipidemia describes the alteration in blood
lipid profiles that is commonly seen in patients with
T2D [1], and that is thought to contribute, along with
other consequences of insulin resistance, to the elevated
cardiovascular risk in these patients [1]. Both hypergly-
cemia and dyslipidemia are components of the metabolic
syndrome and well established risk factors for cardiovas-
cular disease (CVD) including myocardial infarction
(MI), stroke and peripheral vascular diseases (PVD) [2].
CVD is caused by atherosclerosis trough formation of
atheromatous plaque, known as atherogenesis. Amongst
the several mechanisms leading to atherothrombosis,
hypercoagulation plays a main role [3].

An imbalance of coagulation promoting the develop-
ment of the atherosclerotic process in patients with T2D
involves coagulation cascade, endothelial function, plate-
let and monocyte adhesiveness, macrophage function, and
fibrinolysis [4]. An hypercoagulable state, detected by
thrombin generation tests, was reported in a study con-
ducted in sixty patients with T2D, explaining, at least
partially, the high incidence of vascular events in these
patients [5]. Similarly to T2D, dyslipidemia has been
associated with altered coagulation leading to an in-
creased risk of hypercoagulability through mechanism
linked to insulin resistance [6].

Several studies have demonstrated that 3-Hydroxy-3-
methylglutaryl-coenzyme A (HMG-CoA) reductase inhib-
itors (statins) may prevent thrombogenesis and maintain
atherosclerotic plaque stability through their pleiotropic
effects [7]. Accordingly, statins have been proposed as
treatment of choice to prevent vascular events in patients
with T2D [8].

Conventional tests for coagulation as well as single pro-
or anti-coagulants are not specific in detecting hypercoagu-
lability [5]. Aim of the present study was to evaluate the
performance of a novel activated protein C (APC)-depen-
dent thrombin-generation assay (HemosIL ThromboPath) in
an unselected population of patients with T2D representa-
tive of a general practice cohort enrolled in the Interinstitu-
tional Multidisciplinary Biobank project of the Scientific
Institute for Research, Hospitalization and Health Care
(IRCCS) San Raffacle Pisana (SR-BioBIM). The effect of
statins on the procoagulant state of T2D patients was also
analyzed.
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Patients and methods
Subjects

A sample size of one hundred ninety-eight Caucasian
patients (89 females and 109 males, aged 70+8 years) with
T2D enrolled between June 2010 and May 2011 was retro-
spectively selected for this study from the SR-BioBIM
database [9, 10]. Patients were diagnosed according to the
American Diabetes Association (ADA) criteria. T2D was
the primary inclusion criteria and was defined as fasting
blood glucose >126 mg/dL or patient's self-reported history
of diabetes or of diabetes medications. All patients with a
previous history of CAD were under aspirin treatment at
time of study entry. Ninety-three (47 %) patients were
treated with superimposable doses of statins (atorvastatin
n=57, 40 mg/daily; simvastatin n=22, 40 mg/daily;
rosuvastatin n=14, 10 mg/daily) at time of enrollment
[11, 12].

Control group included 198 age and sex matched indi-
viduals with a prevalence of major atherosclerotic risk fac-
tors close to that of patients, but without history or evidence
of impaired glucose metabolism or any type of diabetes (89
females and 109 males, aged 68+8 years) whose samples
were stored in the facilities of the SR-BioBIM, which
enrolls individuals with major cardiovascular risk factors
(including T2D) with or without overt vascular disease.
Clinical and laboratory features of both study groups are
detailed in Table 1.

All study participants underwent a standard clinical ex-
amination. Waist circumference (WC) was measured and
BMI calculated. Information on risk factors for CVD was
obtained by means of interviews, physical examination,
laboratory and instrumental (x-ray, cardiac echo ultrasound,
and 12-lead ECG) tests in all subjects. Hypertension was
defined as a systolic/diastolic blood pressure (BP) >140/
90 mmHg or anti-hypertensive treatment. Dyslipidemia
was defined in accordance with the Third Report of the
National Cholesterol Education Program—Adult Treatment
Panel (NCEP-ATP) III criteria [13]. Cigarette smoking was
dichotomized into ‘ever’ (defined as having smoked >5
cigarettes daily for >1 years) versus ‘never’. Diabetic ne-
phropathy was defined by the presence of persistent micro-
albuminuria (30-300 mg/24 h) in at least 2 of 3 consecutive
24-h urine collections. Retinopathy was assessed by
performing fundoscopic examination. Presence of macro-
vascular complications was substantiated by previous histo-
ry of cerebrovascular accidents, MI, coronary artery
disease (CAD), or PVD. Patients were excluded if they were
aged below 18 years, or if they had T1D or confounding
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Table 1 Clinical and laboratory
features of subjects with type 2 Variable T2D (n=198) Controls (n=198)  Level of
diabetes and controls Significance
Gender
Male n (%) 109 (55) 109 (55)
Female n (%) 89 (45) 89 (45) NS
Age,y Mean + SD 7048 68+8 NS
Disease duration, y Median 11 (6-15) -
(IQR)
HbA ., % (mmol/mol) Mean + SD 7.1+1.0 (54+11) 5.240.6 (33+6) <0.0001
Systolic BP, mmHg Mean + SD 131+11 116+6 =0.004
Diastolic BP, mmHg Mean + SD 76+9 68+5 =0.037
Waist circumference Mean + SD 97+16 83+14 =0.035
LDL-cholesterol, mg/dL Mean + SD 98+29 129437 <0.0001
HDL-cholesterol, mg/dL Mean + SD 44+13 S51+14 =0.0003
Triglycerides, mg/dL Mean + SD 153+£90 114+£56 =0.003
Cigarette smoking n (%) 101 (51) 83 (42) =0.07
Hypertension n (%) 154 (78) 59 (30) <0.0001
Dyslipidemia n (%) 116 (59) 53 (27) <0.0001
Retinopathy n (%) 11 (6) 0 (0) <0.0001
Microalbuminuria n (%) 58 (29) 0(0) <0.0001
Macrovascular complications
Coronary artery disease n (%) 59 (30) 23 (12) <0.0001
Cerebrovascular disease n (%) 9 (5 3(2)? =0.014
Peripheral vascular disease n (%) 18 (9) 3(2) =0.001
Oral hypoglycemic drugs
Biguanides n (%) 119 (60) 0(0)
Sulfonamides n (%) 87 (44) 0(0)
Thiazolidinediones n (%) 74) 0(0)
Alpha glucosidase inhibitors n (%) 1(0.5) 0(0)
Insulin n (%) 61 (31) 0(0)
Statins n (%) 93 (47) 23 (12) <0.0001
Antiplatelet drugs n (%) 129 (65) 29 (15) <0.0001
Anti-hypertensive drugs n (%) 152 (77) 32 (16) <0.0001
BP blood pressure; IQR inter- ThromboPath, PICI% Mean + SD 82+13 86+6 <0.0001
quartile range; NS not signifi- sCD40L, pg/10°Plt Median 0.248 0.006 <0.0001
cant; “including 2 transient (IQR) (0.154-0.373) (0.003-0.018)

ischemic attacks

conditions such as active cancer, previous episodes of
thromboembolism or immunological disease. Patients with
renal insufficiency or proteinuria (by serum creatinine levels
and urinalysis), altered hepatic function (by liver enzymes),
acute or chronic inflammatory diseases, or alcohol abuse
were also excluded. The study was performed under the
appropriate institutional ethical approvals and in accordance
with the principles embodied in the Declaration of Helsinki.
Written informed consent was obtained from each partici-
pating subject.

Study design and laboratory methods

A cross-sectional comparison of ThromboPath values was
performed between subjects with T2D and controls. Plasma
sCD40L levels were also evaluated as a marker of platelet
activation [14]. The study was specifically designed as a
cross-sectional analysis between patients with T2D and
control subjects with a prevalence of all other mayor risk
factors but without any kind of diabetes (Table 1), in order
to minimize possible confounders due to the presence of
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different risk factors or vascular disease, known to be asso-
ciated with haemostatic alterations.

Subjects attended the clinic at 8:00 a.m. after an overnight
fast. Patients under treatment with statins had taken the last
dose the day before the blood analysis. Following a rest period
of at least 20 min, blood samples were drawn from each
consenting subject, without stasis using a 20 G needle and
either non anti-coagulated, for serum recovery, or anti-
coagulated in Na citrate 3.8 % (1:9, v:v) or in K,EDTA, for
plasma separation. For serum preparation, blood was allowed
to clot at room temperature for 2 h and then centrifuged at
2,000 g for 10 min at 4 °C. Citrated plasma was obtained
by 10-min centrifugation at 1,500 g, aliquoted, coded and
stored at -80 °C for batch analysis of ThromboPath and
sCD40L.

Complete and differential blood cell counts were
obtained from K,EDTA-treated whole blood using a routine
hematology analyzer (Coulter LH 750; Beckman Coulter,
Miami, FL). Routine coagulation studies were performed on
fresh samples using an ACL-TOP automated coagulometer
(Instrumentation Laboratory Co., Lexington, MA, USA).
Routine blood chemistry was immediately analyzed on an
Architect c8000 (Accelerator Total Lab Automation, Abbott
Laboratories, Abbott Park, IL, USA). HbAc level was
measured by automated HPLC (Tosoh Bioscience, Rivoli,
TO, Italy).

Plasma sCD40L levels were determined using a commer-
cially available enzyme-immunoassay (R&D Systems, Min-
neapolis, MN, USA) according to the manufacturer’s
protocol. Measurements were ascertained while blinded to
the sample origin. All samples were assayed in duplicate
and those showing values above the standard curve were re-
tested with appropriate dilutions.

The HemosIL ThromboPath (ThP) assay (kindly provided
by Instrumentation Laboratory Co.) was performed on
citrated plasma samples using an ACL-TOP automated coa-
gulometer as previously reported [15]. The assay is based on
the ability of endogenous activated protein C (APC), gener-
ated after activation of protein C (PC) by a snake venom
extract (Protac), to reduce the thrombin generation induced
by a reagent containing tissue factor. The amount of throm-
bin is evaluated by recording changes in optical density (OD)
at 405 nm in the presence (OD-A) or absence (OD-B) of
Protac after adding a thrombin-specific chromogenic sub-
strate. Test results are expressed as the Protac-Induced
Coagulation Inhibition percentage (PICI%) calculated by
dividing [OD-B minus OD-A] by OD-B and multiplying
by 100. Intra- and inter-assay coefficients of variation deter-
mined in our laboratory were 0.6 % and 2.2 %, respectively.
Cut-off value for categorization was locally defined on the
basis of the mean minus 1 SD of the results obtained in
control subjects, as previously suggested [15], and was set
at 80 % PICI% (corresponding to the 10" percentile of
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controls). Samples with PICI% below this cut-off were cat-
egorized as pathologic.

Statistical analysis

Sample size of the study was based on the agreement to
inclusion criteria and willingness to provide informed con-
sent rather than on sample size calculations. However, esti-
mation was later performed and showed that, given the
observed means for patients (pl1) and control (12) groups
for ThP PICI% values and using a type I error probability of
0.05, a sample size of 198 subjects per group yielded a
statistical power greater than 95 %.

Data are expressed as mean + SD or median and interquar-
tile range (IQR). Student’s unpaired #-test and Pearson Product
moment correlation analysis were used for normally distrib-
uted continuous variables. Appropriate non-parametric tests
(Mann Whitney U test and Spearman Rank correlation test)
were employed for all the other variables. Multiple linear
regression analysis was performed by forward stepping to
characterize the relationship between clinical and biochemical
variables. Two-tailed probabilities were used for testing sta-
tistical significance and P values <0.05 were regarded as
statistically significant. All calculations were made using a
computer software package (Statistica 8.0, StatSoft Inc.,
Tulsa, OK).

Results

Median disease duration was 11 years and all patients with
T2D were in good metabolic control, as demonstrated by a
mean HbA . of 7.1 % (54 mmol/mol). Clinical and labora-
tory features are summarized in Table 1. Patients with T2D
significantly differ from controls in terms of BP, HDL or
triglyceride levels, and had a larger mean WC (97416 vs.
83=+14, respectively; p=0.04). On the other hand, control
subjects displayed increased LDL levels compared to those
with T2D (p<0.0001), probably due to the lower number of
subjects under statins treatment (Table 1). Smoking habit
did not significantly differ between patients and controls,
but subjects with T2D were characterized by higher rates of
clinically diagnosed hypertension, dyslipidemia or macro-
vascular complications, mainly represented by CAD, leading
to a significantly higher proportion of individuals treated with
anti-platelet, statins or anti-hypertensive drugs (Table 1). Ret-
inopathy and microalbuminuria were found in 6 % and 29 %,
respectively, of 198 patients with T2D compared to none of
controls.

Overall, the procoagulant status of patients with T2D, as
reflected by ThP PICI% values, was significantly enhanced
when compared to control subjects (82+13 vs. 86+6,
p<0.0001) (Table 1). Similarly, platelet activation, as
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Table 2 Spearman rank correlation analysis among clinical and laboratory features of subjects with type 2 diabetes

Age Disease duration Systolic BP  Diastolic BP  Waist ~ HbA,. LDL HDL Triglycerides sCD40L
ThromboPath -0.176" -0.025 0.070 0.211°  —0.046 —0.142* 0.030  0.339 0.017 —0.184"
Age 0.356° 0.085 —0.073 0.080  0.070 -0.016  0.104 -0.154" —0.075
Disease duration 0.146" 0.069 0.103  0.208" —0.048  0.172° -0.167" 0.007
Systolic BP 0.499° 0.161* 0.116 ~ 0.070  0.173" —0.001 —0.107
Diastolic BP 0.175*  0.090  0.165* 0.259" 0.073 —0.044
Waist circumference 0.173* -0.170*  0.049 0.089 —0.033
HbA,. -0.100 —0.242° 0.079 0.028
LDL 0.262° 0.041 0.036
HDL -0.163" —0.132
Triglycerides 0.004
BP Blood pressure; ? p<0.05; ° p<0.001; € p<0.0001
reflected by sCD40L levels normalized by platelet count,  Discussion

was significantly increased in the T2D group when
compared to controls [Median (IQR): 0.248 (0.154-0.373)
pg/105PIt vs. 0.006 (0.003-0.018) pg/105PIt, respectively;
<0.0001] (Table 1). A significant correlation was also ob-
served between platelet activation and the procoagulant state
of subjects with T2D (Rg=—0.184; p<0.05) (Table 2). Fur-
thermore, ThP PICI% values were associated with advanced
age, diastolic BP and HbA . on univariate analysis (Table 2).
As expected, ThP PICI% values were reduced in patients
treated with oral anticoagulants (owing to inhibition of
vitamin K-dependent protein C synthesis) and correlated with
INR target (R;=—0.48), however the number of individual
was too low (10 patients with T2D vs. 5 control subjects) to
substantiate any statistical analysis. No differences were ob-
served among patients with T2D who were taking antiplatelet
drugs compared to those who did not (p=0.84). Once ThP was
tested as the dependent variable in a multivariate regression
model, including as predictor variables all those listed in
Table 3, platelet activation, age and treatment with statins
were all independent predictors of the procoagulant state of
subjects with T2D.

Table 4 summarizes the clinical and laboratory features of
subjects with T2D treated or not with statins. As shown, the
two groups of patients had similar age and gender distribution
as well as comparable disease duration. As expected, LDL
levels were lower in the group of patients treated with statins.
Notably, a tendency toward a condition of hypercoagulability
was observed in subjects with T2D not treated with statins, as
demonstrated by lower ThP PICI% values compared to
patients with T2D treated with different HMG-CoA reductase
inhibitors (Anova test: F'=3.5, p=0.02) (Table 4). ThP PICI%
value distribution within the different classes of statins used in
the study are reported in Table 4. No significant differences
were observed for sCD40L (Table 4) irrespectively of the type
of statin.

T2D is a well recognized major risk factor for CVD, mainly
leading to progression of atherosclerotic lesions through
mechanisms involved in atherothrombosis [4]. T2D is a very

Table 3 Association between ThromboPath and clinical and laborato-
ry features of subjects with type 2 diabetes

Predictor Variable Regression Standard p Value
Coefficient Error

Entire model
Sex —0.144 0.091 0.118
Age —0.206 0.086 0.018
Disease duration —0.006 0.090 0.950
Retinopathy 0.105 0.083 0.206
Macroangiopathy —0.108 0.090 0.232
Microalbuminuria —0.100 0.083 0.231
Anti-hypertensive drugs —-0.015 0.086 0.859
Systolic blood pressure —0.067 0.102 0.508
Diastolic blood pressure 0.041 0.102 0.686
Smoking habit —0.099 0.088 0.263
Waist circumference —0.109 0.085 0.202
Statin use 0.194 0.091 0.035
Anti-platelet drugs 0.042 0.089 0.634
Hypoglycemic drugs 0.029 0.086 0.736
HbA,. —0.031 0.087 0.723
HDL-cholesterol —0.014 0.089 0.880
LDL-cholesterol 0.027 0.095 0.776
Triglycerides —-0.036 0.090 0.689
sCD40L, pg/10°Plt -0.326 0.082 <0.0001

Forward stepwise method
sCD40L, pg/10°Plt -0.313 0.076 <0.0001
Age -0.204 0.076 0.008
Statins 0.184 0.078 0.019
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Table 4 Characteristics of sub-

jects with type 2 diabetes taking Variable Lipid lowering drugs P Level of
or not lipid lowering drugs Significance
YES* NO
(n=93) (n=105)
Gender
Male n (%) 51.(55) 58 (55)
Female n (%) 42 (45) 47 (45) NS
Age,y Mean + SD 7148 70+9 NS
Disease duration, y Median (IQR) 11 (10-16) 10 (5-15) NS
HbA ., % (mmol/mol) Mean + SD 7.2+1.2 (55+13) 7.0£0.9 (53+9) NS
Systolic BP, mmHg Mean + SD 130+13 13149 NS
Diastolic BP, mmHg Mean + SD 75+9 78+8 <0.01
Waist circumference Mean + SD 98+15 97+16 NS
LDL-cholesterol, mg/dL. ~ Mean £ SD 87+27 107£27 <0.0001
HDL-cholesterol, mg/dL. ~ Mean £ SD 44+14 44413 NS
Triglycerides, mg/dL Mean + SD 145499 161481 NS
Cigarette smoking n (%) 47 (51) 54 (51) NS
Hypertension n (%) 75 (81) 79 (75) NS
Retinopathy n (%) 6 (6) 5(5) NS
Microalbuminuria n (%) 26 (28) 32 (30) NS
Anti-hypertensive drugs n (%) 74 (80) 78 (74) NS
Antiplatelet drugs n (%) 74 (80) 55(52) <0.0001
sCD40L, pg/10°Plt Median (IQR)  0.248 (0.155-0.335)  0.249 (0.154-0.389) NS
ThromboPath, PICI% Mean + SD
IOR Interquartile range; NS not All, =93 84+9 7915 =0.02°
significant Atorvastatin, n=57 82+10 NSP
*One-way ANOVA followed by Sinvastatin, n=22 8548 Ns®
bPOSt‘hOC analysis by Bonferroni Rosuvastatin, n=14 88+4 =0.08"

test

common disease in the Western World with its prevalence
likely to increase dramatically during the next decades, espe-
cially in the developing countries. To date, 15 % of the whole
population is considered at high risk to develop T2D [16].

T2D is a complex prothrombotic state to which factors
such as insulin resistance, dyslipidemia, endothelial dys-
function, systemic inflammation, increased platelet activa-
tion, increased thrombin generation, elevated levels of
plasma fibrinogen, altered fibrin network structure and
hypofibrinolysis may contribute.

In this study, carried on a cohort of patients with long-
standing T2D and using a new APC-based thrombin gener-
ation assay to evaluate the coagulation activity, we found
significant differences in procoagulant status between
patients with T2D and greater CVD burden, and a group
of control subjects. Although the HemosIL ThP assay was
developed and validated for globally screening protein C
(PC) pathway abnormalities [15], several reports have re-
cently highlighted its value as a novel “marker” of hyper-
coagulability, independent of its sensitivity to each
individual PC pathway abnormality [17, 18]. In the present
study, we did not observe any PC deficiency and only 4.9 %
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patients were heterozygous or Factor V Leiden, leading to
activated PC resistance, which is consistent with the data
reported in the literature (data not shown) [19]. Nonetheless,
we found abnormal PICI% values in approximately 26 % of
patients with T2D compared to 6 % controls (possibly due
to activation of coagulation and, in turn, consumption of the
counteracting factors of the anticoagulant PC pathway),
which allow to hypothesize that the HemosIL ThP assay is
capable of identifying a procoagulant status, as already
suggested by Toulon et al. [15].

Of interest, in patients with T2D, treatment with a statin
drug was associated with a statistically significant decrease
in hypercoagulability, as indicated by higher PICI% values.
T2D is frequently associated with dyslipidemia, including
the presence of a high concentration of small, dense LDL
particles, that may accelerate the progression of atheroscle-
rotic disease and the development of CVD [1]. Dyslipide-
mia, hyperglycemia and hypercoagulability are known to be
major modifiable factors in the process of atherogenesis [2],
however, the links between insulin resistance, dyslipidemia,
and hypercoagulability are complex and to date have been
only partially delineated. Nonetheless, it is well accepted
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that insulin resistance contributes to abnormalities of plasma
lipids in patients with T2D [20].

Clinical trials have failed to show that glycemic control
per se significantly reduces macrovascular endpoints such as
MI [21-24]. On the other hand, statin trials have consistent-
ly demonstrated significant reductions in morbidity and
mortality from CVD, including in patients with diabetes
[25]. Nevertheless, many patients with diabetic dyslipidemia
who achieve their LDL goal still carry residual CVD risk,
possibly due to both increased concentration of atherogenic
apolipoprotein B-containing lipoproteins that can persist
despite normalized LDL levels, and low HDL levels [26].

Both T2D and insulin resistance have been shown to be
associated with hypercoagulability [5, 6]. Hypercoagulabil-
ity is characterized by increased levels of procoagulants and/
or decreased levels of anti-coagulants. Unfortunately not
enough is known regarding the characteristics of hyperco-
agulability in T2D, and what data is available mainly reports
the measurement of single pro- or anti-coagulants levels in
this patient population [27, 28]. A recent study demonstrat-
ed that plasma from patients with T2D display an imbalance
of pro- versus anti-coagulation factors resulting in hypercoag-
ulability detected by thrombin generation tests when com-
pared to healthy subjects [5]. Our data are in agreement with
these findings, and confirm the presence of a procoagulant
state in a large series of T2D patients using a standardized,
easy-to-run, and commercially available thrombin-generation
assay. Moreover, differently from the study by Tripodi et al.
[5], our study compared T2D patient with a control population
not only similar for age, gender, but also including a substan-
tial proportion of individuals with major risk factors or macro-
vascular complications, albeit in a lower percentage when
compared to patients with T2D. The rationale behind our
choice was to match the two experimental groups and to
eliminate as much as we could potential selection bias not
linked to the presence of T2D. Notably, the occurrence of an
increased procoagulant state in T2D was confirmed despite
the inclusion of individuals with risk factors, or overt CVD
in the control group. Of interest, procoagulant status of
T2D patients was significantly associated to the occurrence
of in vivo platelet activation, a condition that has been
already described in T2D (reviewed in [3]), here demon-
strated by an increase of sCD40L in patients with T2D.
These findings extend previously published observation
demonstrating the presence of elevated levels of plasma
sCD40L in both type 1 and 2 diabetes [29, 30], which
expression might be triggered by advanced glycation end
products [31], including HbA;. [32, 33], and could be
lowered by thiazolidinediones [34]. Our results are also in
agreement with the findings by other authors, who demon-
strated that sCD40L levels in patients with T2D were not
reduced by either simvastatin [35] or atorvastatin [36, 37],
although rosuvastatin was capable to reduce sCD40L levels

in a short-term study of hypercholesterolemic patients with
T2D [35].

Finally, our findings do demonstrate a significant associ-
ation between ThP and age and statin treatment. The asso-
ciation of age with increase in hypercoagulability may be
well explained by the increasing prevalence of vascular risk
factors typical of older individuals [38]. On the contrary,
statins reduce hypercoagulability in patients with T2D as
demonstrated by an increase in ThP values. The pleiotropic
effects of statins have been well established by several
experimental studies showing their ability to modulate en-
dothelial function, reduce inflammation, and decrease the
risk of thrombosis thus mitigating acute vascular events [7].
Statins have been shown to lead to a significant downregu-
lation of the blood coagulation cascade independently of
changes in lipid profile as a result of decreased tissue factor
expression, which leads to reduced thrombin generation.
Statins may also enhance the activity of the PC anticoagu-
lant pathway [39], which is in agreement with our observa-
tion of an enhancement of ThP values in patients with T2D
receiving statins. ThP, indeed, is a chromogenic assay
designed to globally evaluate the functionality of the PC
pathway, with an overall test sensitivity to all PC pathway
abnormalities of 95 % and a specificity of approximately
86 % [15]. Thus, statin treatment might improve test results
directly through its enhancement of PC activity.

Different structure of statins has been shown to be related
with differences in anti-inflammatory and pleiotropic prop-
erties that may help to account for variation in clinical
efficacy [40]. In our analysis, after stratification for different
type of statins, all of them were associated with an improve-
ment of ThP values. However, we have to recognize the
limitation of this analysis due to the small number of
subjects in each subgroup.

Despite this limitation, our findings fit well into the
current view of the antithrombotic effects of statins. The
Collaborative Atorvastatin Diabetes Study (CARDS), in-
volving 2,800 patients with T2D, clearly demonstrated that
atorvastatin treatment significantly reduced incidence of M1,
stroke and surgical procedures when compared to those
receiving placebo [25]. Furthermore, a meta-analysis of
18,686 patients with diabetes taking statin therapy in the
Cholesterol Treatment Trialists’ collaborators study found
that, after a mean follow-up of 4.3 years there was a pro-
portional 9 % decrease in all-cause mortality per mmol/L
reduction in LDL, and a proportional 21 % reduction in
major vascular events per mmol/L. decrease in LDL, for
patients on statin therapy. The effects of statin therapy were
seen irrespective of baseline CVD risk, suggesting the use of
an HMG-CoA reductase inhibitor in most patients with
diabetes [41], despite these drugs are often under used [42].

Our findings are also consistent with current treatment
recommendations from the NCEP-ATP III, which addresses
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the management of atherogenic dyslipidemia and recom-
mends weight reduction, increased exercise, and lipid-
lowering therapies (i.e., HMG-CoA reductase inhibitors,
fibrates, and nicotinic acid) [13]. In terms of atherogenic
dyslipidemia and diabetes, specifically those with T2D, both
NCEP-ATP III and ADA recommend lifestyle modification
and statin therapy regardless of baseline LDL for those with
overt CVD and those without CVD who are age >40 years
with one or more CVD risk factors [13, 43].

In conclusion, using a novel and well standardized APC-
based thrombin generation assay, we showed a reduction in
hypercoagulability in patients with long-standing T2D trea-
ted with statins. A better understanding the potential role of
statins on coagulation may result in new therapeutic
approaches, especially in patients with vascular risk factors,
such as diabetes. Other studies, especially interventional
study such as a randomized placebo-controlled study, are
needed to further define the clinical implication of statins in
modifying hypercoagulability in high risk patients.
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