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Essentials

• Activated factor VII–antithrombin complex (FVIIa-AT)

in plasma may reflect tissue factor exposure.

• FVIIa-AT levels were assessed in an angiographically

controlled coronary artery disease (CAD) cohort.

• High FVIIa-AT levels correlated with an increased

thrombin generation.

• High FVIIa-AT levels were associated with a greater

risk of mortality in patients with stable CAD.

Summary. Background: Plasma concentration of activated

factor VII (FVIIa)–antithrombin (AT) complex has been

proposed as an indicator of intravascular exposure of tis-

sue factor. Objectives: The aims of this observational

study were to evaluate (i) FVIIa-AT plasma concentra-

tion in subjects with or without coronary artery disease

(CAD) and (ii) its association with mortality in a prospec-

tive cohort of patients with CAD. Methods: FVIIa-AT

levels were measured by ELISA in 686 subjects with

(n = 546) or without (n = 140) angiographically proven

CAD. Subjects with acute coronary syndromes and those

taking anticoagulant drugs at the time of enrollment were

excluded. CAD patients were followed for total and car-

diovascular mortality. Results: There was no difference in

FVIIa-AT levels between CAD (84.8 with 95% confi-

dence interval [CI] 80.6–88.2 pmol L–1) and CAD-free

subjects (83.9 with 95% CI 76.7–92.8 pmol L–1). Within

the CAD population, during a 64-month median follow-

up, patients with FVIIa-AT levels higher than the median

value at baseline (≥ 79 pmol L–1) had a two-fold greater

risk of both total and cardiovascular mortality. Results

were confirmed after adjustment for sex, age, the other

predictors of mortality (hazard ratio for total mortality:

2.05 with 95% CI 1.22–3.45, hazard ratio for cardiovas-

cular mortality 1.94 with 95% CI 1.01–3.73, with a slight

improvement of C-statistic over traditional risk factors),

FVIIa levels, drug therapy at discharge, and even patients

using all the usual medications for CAD treatment. High

FVIIa-AT levels also correlated with increased thrombin

generation. Conclusions: This preliminary study suggests

that plasma concentration of FVIIa-AT is a throm-

bophilic marker of total and cardiovascular mortality risk

in patients with clinically stable CAD.

Keywords: coronary artery disease; hypercoagulability;

laboratory marker; secondary prevention; tissue factor.

Introduction

Despite significant therapeutic advances, coronary artery

disease (CAD) remains one of the leading causes of death

and morbidity worldwide [1,2]. Coagulation plays a crucial

role in CAD development and complications (e.g. myocar-

dial infarction [MI]) [3]. Transmembrane protein tissue

factor (TF) is one of the key initiators of the coagulation

cascade through the binding and activation of coagulation

factor VII (FVII). TF is constitutively expressed by vascu-

lar smooth muscle cells and fibroblasts leading to rapid ini-

tiation of coagulation when a blood vessel is damaged [4].

Endothelial cells at rest do not express TF, but they can be

induced to TF expression by several triggers, including

inflammatory cytokines, oxidized lipoprotein, and throm-

bin [5,6]. Similarly, monocytes and macrophages show very

little or no basal expression of TF, but it can be induced by

inflammatory stimuli [5]. Although controversial, there is
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some indication that TF can be transferred to platelets or

that they can express TF from residual TF mRNA [7,8].

TF exists on the membrane surface both in an inactive (en-

crypted) and an active (decrypted) form, mostly in the

inactive form. The mechanism of TF activation still

remains incompletely understood [9]. TF in the active form

can be detected in plasma associated with microparticles

[10,11]. Antigenic assays measure all forms of TF without

giving functional information, while basal TF activity, due

to its very low levels in plasma, is hardly measurable. It

has been reported that circulating levels of active TF do

not exceed 20 fmol L–1 in plasma, with higher concentra-

tions likely being incompatible with life [12]. Nonetheless,

due to the crucial role of full-length TF in thrombosis on

the disruption of atherosclerotic plaque [4,13], the direct or

surrogate measurement of active TF could be clinically rel-

evant.

Contextually, until now the plasma levels of activated

FVII (FVIIa), the active enzyme initiating the coagulation

cascade when bound to TF, have been associated with

CAD only with controversial results [14–18].
The serine protease inhibitor antithrombin (AT), along

with tissue factor pathway inhibitor (TFPI), acts as an

inhibitor of the FVIIa–TF pathway. Both AT and TFPI

form stable complexes with TF-bound FVIIa, but only

the FVIIa-AT complex is released and accumulates in the

plasma, which offers an opportunity for an affordable

measure (Fig. S1). TF expression contributes to FVIIa-

AT complex formation in a mouse model [19], and

plasma levels of FVIIa-AT have been reported to directly

correlate with TF mRNA expression [20,21]. The assay of

this complex could indirectly reflect TF–FVIIa interaction

and TF exposure. Thus, the plasma concentration of

FVIIa-AT has been proposed as a potential biomarker of

a prothrombotic diathesis. [22,23].

The clinical significance of plasma concentrations of

FVIIa-AT in patients with CAD is unknown. The aims

of the present study were (i) to evaluate FVIIa-AT in sub-

jects with or without angiographically demonstrated

CAD; (ii) to assess correlations with several clinical and

laboratory parameters, including thrombin generation

assay; and (iii) to evaluate plasma levels of FVIIa-AT as

a risk predictor of total and cardiovascular mortality in a

cohort of CAD patients.

Materials and methods

Study population

This observational study was performed within the frame-

work of the Verona Heart Study (VHS), a regional survey

that assessed new CAD risk factors in subjects with

angiographic documentation of the state of their coronary

vessels [24,25]. The study design is summarized in Fig. 1.

All the subjects in the VHS are required to have no his-

tory of any acute illness in the month preceding the

enrollment. CAD patients with acute coronary syndromes

were excluded from this study. Subjects with severe renal

failure (estimated glomerular filtration rate [GFR]

< 30 mL min�1) and those with severe hepatic impair-

ment (clinically defined diagnosis of liver cirrhosis) were

also excluded from this study. A total of 686 adult sub-

jects of both sexes who were not taking any anticoagulant

drugs and for whom frozen citrate plasma samples for

FVIIa-AT assay were available, were included in the pre-

sent study. One hundred forty subjects with completely

normal coronary arteries, undergoing coronary angiogra-

phy for reasons other than CAD (mainly valvular heart

disease), were used as controls (CAD-free group). These

subjects had no history or clinical or instrumental evi-

dence of atherosclerosis outside the coronary bed, and

none were taking any antiplatelet drugs. Five hundred

forty-six subjects had angiographically-proven CAD

(CAD group), with at least one of the major epicardial

coronary arteries (left anterior descending coronary, cir-

cumflex, and right) affected with one or more significant

stenoses (≥ 50% lumen reduction). All the CAD patients

were newly diagnosed at time of enrollment (i.e. at the

time of coronary angiography) and were included as inci-

dent cases. The angiograms were assessed in a blinded

manner by two cardiologists who were unaware that the

patients were to be included in this study.

All participants came from the same geographical area

of northern Italy. At the time of blood sampling, a com-

plete clinical history was collected, as well as data about

drug therapies. The study complies with the Declaration

of Helsinki and was approved by the ethics committee of

our institution (Azienda Ospedaliera Universitaria Inte-

grata, Verona). A written informed consent was obtained

from all the participants.

Assessment of outcome in follow-up analysis

Subjects were followed until death or until June 30, 2012.

The mortality status at June 30, 2012, was incomplete for

patients who changed their domicile during the follow-up

(n = 36). Study subjects’ status was determined by search-

ing in the National Population Register and by an ambu-

latory or telephone survey. Certification and date of

death were obtained from the National Population Regis-

ter. The causes of death were obtained from death certifi-

cates kept at the Italian Institute of Statistics. Death from

cardiovascular causes was defined as death caused by

ischemic heart disease, heart failure, peripheral vascular

disease, or cerebrovascular disease.

Biochemical analysis and thrombin generation assay

Samples of venous blood were drawn from each subject,

after an overnight fast, at the time of enrollment before

coronary angiography. Serum lipids, as well as other

CAD risk factors, including high-sensitivity C-reactive
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VHS subjects enrolled between May 1999 and December 2006

VHS subjects selected for FVIIa-AT study 

n = 686

Coronary artery disease – free 

(CAD-free)

n = 140

Coronary artery disease

(CAD )

n = 546

CORONARY ANGIOGRAPHY

Lost in follow-up
n = 36

CAD patients with data on 

total and cardiovascular 

mortality

n = 510

Survival analysis on CAD patients      

Median follow-up of 64 months

105 deaths, 68 due to cardiovascular causes 

n = 502

Peri-operative deaths 

n = 8

Exclusion criteria:

- Anticoagulant drugs at time of 

enrolment

- Acute coronary syndrome or any 

major acute illness in the month 

preceding the enrolment 

- Severe renal impairment (eGFR < 30 

ml/min)

- Severe hepatic impairment

Inclusion criteria:

- Angiographic documentation of the 

state of coronary vessels 

- Frozen plasma citrate samples, 

drawn before coronary angiography,

available for FVIIa-AT assay 

FOLLOW-UP 

ANALYSIS

Survival analysis was performed also
considering subjects lost in follow-up 
as   survived at time of the last  
contact (i.e.  thechangeof domicile)  
in a censored analysis.

n = 538

Fig. 1. Verona Heart Study (VHS) design for the analysis of activated factor VII–antithrombin complex (FVIIa-AT) levels.
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protein (hsCRP), were determined as previously described

[24,25]. The four-variable version of the Modification of

Diet in Renal Disease (MDRD) equation was used to

estimate the glomerular filtration rate (GFR) from serum

creatinine levels [26].

Thrombin generation in plasma samples was evaluated

by the addition of a thrombin specific fluorogenic sub-

strate (Thrombin Substrate III; Calbiochem, EDM Milli-

pore, MA, USA), as previously described [27]. The

generation of thrombin in diluted plasma samples (1:5)

was initiated by the addition of a volume mixture of

CaCl2 (2.5 mmol L–1), thrombin fluorogenic substrate

(250 lmol L–1), and Innovin (Dade� Innovin�, Siemens

Healthcare, Marburg, Germany). The estimated TF con-

centration was 85 pmol L–1 in our assay. Fluorescence

(excitation 355 nm–emission 460 nm) was measured over-

time in a fluorimeter (Fluoroskan Ascent BioMed,

Thermo Fisher Scientific, Helsinki, Finland) and the

amount of the generated thrombin was calculated using

a normal pooled human plasma (Hyphen BioMed,

Neuville-sur-Oise, France) as a standard. Specific parame-

ters of thrombin generation (lag time, peak, time to peak,

and endogenous thrombin potential (ETP) estimated by

area under the curve) were calculated using the statistic

software GraphPad Prism 5 (GraphPad Software, San

Diego, CA, USA) [28]. All the experiments were per-

formed in duplicate. The between-run coefficients of vari-

ation were 1.31% (lag time), 2.24% (time to peak),

1.48% (peak), and 1.53% (ETP), respectively.

FVIIa-AT assay

The concentration of FVIIa-AT was measured by ELISA

(Asserachrom VIIa-AT; Diagnostica Stago, Asnieres,

France) on frozen citrate plasma samples that had never

been thawed before this study. Venous blood samples col-

lected at the time of enrolment were centrifuged, stored in

0.5-mL aliquots, and frozen at �80°C within 1 h of sam-

ple collection. Plasma samples were thawed in a water

bath at 37°C for 5 min before FVIIa-AT assay. All test-

ing was performed in duplicate. The intra-assay and

interassay coefficients of variations were < 5%.

Statistics

All calculations were performed using the IBM SPSS 20.0

(IBM Inc., Armonk, NY, USA), Stata 13 (StataCorp.

2013. Stata Statistical Software: Release 13. StataCorp

LP, College Station, TX, USA), and R version 3.2.2 (R

Foundation for Statistical Computing, Vienna, Austria,

2015. https://www.R-project.org/, accessed at November

2015) statistical packages.

Distributions of continuous variables in groups were

expressed as mean � standard deviations. Skewed vari-

ables, including FVIIa-AT, FVIIa, triglyceride, hsCRP,

and fibrinogen, were logarithmically transformed, and

geometric means with 95% confidence intervals (CIs)

were reported. Quantitative data were assessed using the

Student t-test or by ANOVA, with polynomial contrast for

linear trend when indicated. Qualitative data were ana-

lyzed with use of the v2 test and with v2 for linear trend

analysis when indicated.

Significant associations between FVIIa-AT plasma con-

centration and other continuous or categorical variables

were evaluated by linear regression models estimating R2

and standardized b-coefficients in the whole study popula-

tion, as well as in either CAD or CAD-free subgroups.

Categorical variables were used after transformation into

binary variables. To assess the independent predictors of

FVIIa-AT levels, all the variables showing an association

with the FVIIa-AT complex at univariate analysis were

included in an adjusted regression model with backward

stepwise selection of variables (removal if P > 0.10). Tak-

ing into account the low number of subjects for whom

FVIIa levels were available (n = 223), data of FVIIa were

added separately in a second adjusted regression model.

Survival was assessed by using the Kaplan–Meier

method (log-rank statistic) and Cox regression. Kaplan–
Meier curves were used for survival plots stratifying the

CAD population on the basis of either quartile distribu-

tion or median value. Multivariate Cox proportional haz-

ards for both total and cardiovascular mortality were

performed considering the FVIIa-AT median value as

threshold and including in the different models of sex,

age, all the predictors of mortality at univariate analyses

at baseline, drug therapy at discharge, and other variables

that showed an association with FVIIa-AT at baseline

(e.g. plasma lipids and classic coagulation times). Final

models were obtained with backward stepwise logistic

regression models, with P > 0.10 as the critical value for

excluding variables in the model. Hazard ratios (HRs)

and 95% CIs are reported with two-tailed probability val-

ues. All the survival analyses were performed also by cen-

soring follow-up times for subjects lost in follow-up

(n = 36) at date of change of domicile (i.e. their last docu-

mented certification of being alive). A value of P < 0.05

was considered statistically significant. Statistical power

was calculated by means of Altman’s nomogram [29].

Subjects with missing data were at first excluded from

multivariate analysis in Cox regression models. Then,

missing data were handled using multiple imputation by

chained equations [30,31], a statistical technique that

operates under the missing at random assumption (i.e. the

probability that a value is missing depends only on

observed values and not on unobserved values). The mi

impute chained command of Stata 13 (StataCorp. 2013.

Stata Statistical Software: Release 13. StataCorp LP) was

used to generate 100 complete data sets with imputed

missing values. The event indicator and the Nelson–Aalen

estimator of the cumulative hazard were included in the

imputation model [32]. For each imputed data set, a Cox

model was fitted and the 100 estimates of the HRs were
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then combined into an overall estimate and variance–co-
variance matrix using Rubin’s rules [30]. HRs estimation

using multiple imputations was performed within Stata

using the mi estimate command with the stcox estimation

command.

C-statistics and net reclassification improvement (NRI)

were used to evaluate risk predictions from models con-

taining the other predictors of mortality in our study pop-

ulation (i.e. sex, age, body mass index [BMI], history of

MI, degree of CAD, type of therapeutic approach, hyper-

tension, diabetes, renal function, fibrinogen, and hsCRP

as explanatory variables) and models containing the

above-mentioned predictors with the addition of FVIIa-

AT data. To evaluate the improvement in risk discrimina-

tion performance gained by adding FVIIa-AT, the C-sta-

tistic for survival data proposed by Uno et al. [33] was

estimated for the reference Cox model containing the

other predictors of mortality and the FVIIa-AT–imple-

mented Cox model (i.e. reference model plus FVIIa-AT).

The difference between the two C-statistics was estimated

for total and cardiovascular mortality at different trunca-

tion times (i.e. at 24, 48, 72, and 96 months). The P-

values of the Wald test of the Cox regression coefficient

for FVIIa-AT were reported because a comparison of C-

statistics is less powerful than Wald test [34]. Calculation

of the C-statistics was performed using the SurvC1 pack-

age [35] of R version 3.2.2 [36]. The ability of FVIIa-AT

plasma level to change risk stratification was also assessed

by means of reclassification analysis [37]. Continuous

NRI (cNRI) for survival data was estimated according to

Pencina et al. [38]. cNRI was defined by the sum of two

subcomponents, that is, the amount of correct reclassifica-

tion among events and among non-events. The SurvI-

DINRI package of R allows the estimation of cNRI with

CIs at specified truncation times [39].

Results

FVIIa-AT plasma levels in subjects with or without CAD

The clinical and laboratory characteristics of the study

population, divided into CAD and CAD-free subgroups,

are summarized in Table 1. As expected, the traditional

cardiovascular risk factors were mostly expressed in CAD

subjects. No difference in mean plasma concentration of

FVIIa-AT was seen between CAD and CAD-free subjects

(Table 1), and no difference was found between the distri-

butions of CAD and CAD-free subjects according to

FVII-AT deciles (Table S1).

Associations of FVIIa-AT plasma levels with clinical and

laboratory characteristics

The associations between FVIIa-AT plasma concentration

and other clinical and laboratory variables were evaluated

by linear regression models (Table S2).

Table 1 Clinical and laboratory characteristics of the study popula-

tion, divided in subgroups with or without coronary artery disease

(CAD)

CAD free

(n = 140)

CAD

(n = 546) P*

Age (y) 60.3 � 12.1 61.4 � 10.7 NS

Male sex (%) 68.6 76.3 NS

BMI (kg m�2) 25.8 � 3.7 26.7 � 3.8 0.010

Smoker (%) 42.2 68.0 < 0.001

Hypertension (%) 46.0 69.0 < 0.001

Diabetes (%) 8.30 21.3 0.001

eGFR

(mL min�1)†
79.1 � 22.2 78.0 � 20.9 NS

Total cholesterol

(mmol L�1)

5.20 � 1.05 5.18 � 1.12 NS

LDL cholesterol

(mmol L�1)

3.34 � 0.96 3.42 � 0.94 NS

HDL cholesterol

(mmol L�1)

1.39 � 0.41 1.16 � 0.29 < 0.001

Triglycerides

(mmol L�1)

1.27 (1.18–1.36) 1.67 (1.60–1.72) < 0.001

hsCRP (mg L�1) 2.36 (1.86–2.97) 5.37 (4.76–6.05) < 0.001

Fibrinogen (g L�1) 3.35 (3.16–3.56) 3.94 (3.82–4.01) < 0.001

PT (ratio) 1.01 � 0.07 0.99 � 0.07 0.016

APTT (ratio) 1.01 � 0.10 1.02 � 0.13 NS

FVIIa-AT complex

(pmol L–1)

83.9 (76.7–92.8) 84.8 (80.6–88.2) NS

F VIIa (mU mL�1)‡ 42.5 (36.2–49.9) 46.1 (42.9–49.9) NS

Drug therapy at discharge (%)§
Antiplatelet

therapy

– 97.6

Warfarin – 3.7

b-Blockers – 55.8

Statins – 56.5

*By t-test or v2-test. †Estimated glomerular filtration rate (eGFR)

by the abbreviated Modification of Diet in Renal Disease (MDRD)

equation. ‡Data were available for 305 subjects (82 CAD-free and

223 CAD). §Data of drug therapy at discharge were available only

for CAD patients. BMI, body mass index; LDL, low-density

lipoprotein; HDL, high-density lipoprotein; hsCRP, high-sensitivity

C-reactive protein; PT, prothrombin time; APTT, activated partial

thromboplastin time; NS, not significant.

Table 2 Thrombin generation parameters according to activated

factor VII–antithrombin complex (FVIIa-AT) levels*

FVIIa-AT < 79

pmol L–1

(n = 122)

FVIIa-AT ≥ 79

pmol L–1

(n = 150) P†

Lag

time (s)

56.3 (54.1–58.0) 57.4 (55.7–59.2) NS

Time

to peak (s)

142.6 (139.8–146.9) 141.2 (138.4–144.0) NS

Peak (Rfu/s) 6.36 (6.17–6.55) 6.82 (6.55–7.03) 0.009

ETP (Rfu) 854.1 (837.2–871.3) 906.9 (880.1–925.2) 0.001

The median level (79 pmol L–1) was used as threshold value.

*Thrombin generation data were available for 272 subjects (198

coronary artery disease [CAD] and 74 CAD free). †By t-test. ETP,

endogenous thrombin potential; Rfu, relative fluorescence units; NS,

not significant.
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In an adjusted linear regression model (not including

FVIIa levels, which were available only in a limited num-

ber of subjects), estimated GFR level, high-density

lipoprotein cholesterol (HDL-C), and triglyceride plasma

concentration were predictors of FVIIa-AT variability

(Table S3A). When FVIIa was included in the regression

model, HDL-C and triglyceride plasma concentrations

and FVIIa levels remained significant predictors of

FVIIa-AT variability (Table S3B).

FVIIa-AT complex levels and thrombin generation

parameters

Citrate plasma samples for thrombin generation assay

were available for 272 subjects (198 CAD and 74 CAD-

free). FVIIa-AT plasma concentration correlated directly

with peak and ETP levels (Table S4). Subjects with

FVIIa-AT levels higher than the median value had

increased peak and ETP levels (Table 2), and high FVIIa-

AT plasma concentration remained a significant predictor

of peak (b-coefficient = 0.168; P = 0.006) and ETP levels

(b-coefficient = 0.200; P < 0.001) also after adjustment

for sex, age, and CAD diagnosis.

Prospective study in CAD patients

Eight of the 510 CAD patients in the follow-up study

died perioperatively and were excluded from subsequent

survival analysis. Of the remaining 502 subjects, 105

(20.9%) subjects died, with 68 (13.5%) events due to

Table 3 Clinical and laboratory characteristics of CAD patients at baseline according to quartiles of activated factor VII–antithrombin com-

plex (FVIIa-AT) plasma concentration

FVIIa-AT plasma concentration

P*

< 58 pmol L–1

(n = 120)

58–78.9 pmol L–1

(n = 127)

79–119 pmol L–1

(n = 128)

> 119 pmol L–1

(n = 127)

Age (y) 60.2 � 10.3 63.5 � 9.1 61.7 � 11.1 61.5 � 11.3 NS

Male sex (%) 86.7 78.7 75.0 66.9 < 0.001

BMI (kg m�2) 28.2 � 4.0 26.7 � 3.6 26.2 � 4.0 26.4 � 3.9 0.001

Smoker (%) 68.4 70.6 69.3 63.4 NS

Hypertension (%) 64.4 72.4 71.1 68.0 NS

Diabetes (%) 19.1 16.0 31.7 22.6 NS

History of MI (%) 65.5 54.3 60.6 52.0 NS

eGFR (mL min�1)† 79.5 � 17.2 81.9 � 18.1 77.5 � 20.8 73.8 � 23.8 0.007

Total cholesterol (mmol L�1) 5.02 � 1.00 5.21 � 1.10 5.12 � 1.03 5.21 � 1.25 NS

LDL cholesterol (mmol L�1) 3.44 � 0.86 3.47 � 0.99 3.41 � 0.86 3.43 � 1.05 NS

HDL cholesterol (mmol L�1) 1.13 � 0.33 1.14 � 0.25 1.16 � 0.29 1.19 � 0.30 NS

Triglycerides (mmol L�1) 1.58 (1.48–1.70) 1.65 (1.54–1.77) 1.68 (1.55–1.80) 1.77 (1.57–1.86) NS

hsCRP (mg L�1) 5.42 (4.26–6.96) 6.42 (5.05–8.17) 5.58 (4.48–7.03) 4.22 (3.25–5.23) NS

Fibrinogen (g L�1) 4.01 (3.78–4.26) 3.94 (3.74–4.14) 3.86 (3.63–4.06) 3.90 (3.67–4.14) NS

PT (ratio) 1.02 � 0.08 0.99 � 0.06 0.98 � 0.08 0.98 � 0.07 < 0.001

APTT (ratio) 1.04 � 0.15 1.02 � 0.12 1.00 � 0.11 1.00 � 0.12 0.006

FVIIa (mU mL�1)‡ 32.4 (27.1–39.3) 49.4 (40.5–60.3) 41.2 (35.5–48.4) 66.7 (60.9–73.0) < 0.001

LVEF (%)¶
Preserved 64.1 66.0 58.7 67.6 NS

Moderately reduced 32.0 27.0 33.7 24.8

Severely reduced 3.9 7.0 7.6 7.6

Degree of CAD (%)

1 vessel 29.6 21.4 25.3 18.4 0.026

2 vessels 28.0 32.5 31.0 24.0

3 vessels 42.4 46.2 43.7 57.6

Therapeutic approach (%)

Only medical therapy 22.5 11.0 21.1 16.5 0.039

PTCA � stent 45.0 57.5 42.2 35.5

CABG 32.5 31.5 36.7 48.0

Drug therapy at discharge (%)

Antiplatelet therapy 95.0 100.0 99.2 96.1 NS

Warfarin 6.7 0.8 2.3 5.5 NS

b-Blockers 65.8 56.9 54.4 47.8 0.007

Statins 59.2 67.7 53.9 46.5 0.008

Subjects who died perioperatively (n = 8) or were lost in follow-up (n = 36) were excluded from this analysis. *By ANOVA with polynomial con-

trasts for linear trend or by v2 for linear trend, when appropriate. †Estimated glomerular filtration rate (GFR) by the abbreviated Modification

of Diet in Renal Disease (MDRD) equation. ‡Data of FVIIa levels were available for 212 subjects (41.6%). ¶Data of left ventricular ejection

fraction (LVEF) levels were available for 412 subjects (80.8%). MI, myocardial infarction; BMI, body mass index; LDL, low-density lipopro-

tein; HDL, high-density lipoprotein; hsCRP, high-sensitivity C-reactive protein; PT, prothrombin time; APTT, activated partial thromboplastin

time; PTCA, percutaneous transluminal coronary angiography; CABG, coronary artery bypass graft surgery; NS, not significant.
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cardiovascular causes during the follow-up with a median

period of 64 months. Baseline FVIIa-AT plasma concen-

trations were higher in subjects who died (95.6 with 95%

CI 86.5–106.7 pmol L–1; P = 0.002) and in those who

died from cardiovascular causes (92.8 with 95% CI 81.9–
105.6 pmol L–1; P = 0.038) than in survivors (81.5 with

95% CI 77.5–85.6 pmol L–1). Clinical and laboratory

characteristics at baseline according to FVIIa-AT quar-

tiles are reported in Table 3.

CAD patients within the highest FVIIa-AT quartile

had a higher total and cardiovascular mortality rate than

did those within the lowest FVIIa-AT quartile (Fig. 2).

Kaplan–Meier survival curves show total and cardiovas-

cular mortality according to FVIIa-AT quartiles

(Fig. S2). This finding is particularly clear if the median

value (79 pmol L–1) was considered as the threshold level

(Fig. 3A,B). The subjects with FVIIa-AT levels higher

than the median value (≥ 79 pmol L–1) had a two-fold

greater risk of both total and cardiovascular mortality.

This was confirmed in a Cox regression model adjusted

for sex and age (Table 4, Model 1), as well as for the

other predictors of mortality at univariate analysis (i.e.

BMI, history of MI, degree of CAD, type of therapeutic

approach, hypertension, diabetes, renal function

[MDRD], fibrinogen, hsCRP, and drug therapy at dis-

charge) (Table 4, Models 2 and 3). Stratifying the study

population on the basis of FVIIa-AT plasma concentra-

tion and MI history, high levels of FVIIa-AT were pre-

dictive of total and cardiovascular mortality in CAD

patients both with and without MI (Fig. 4A,B). Subjects

with MI and high levels of FVIIa-AT had the worst prog-

nosis, while subjects with high levels of FVIIa-AT with-

out a history of MI showed similar survival curves to

those with MI and low levels of FVIIa-AT (Fig. 4A,B).

Moreover, high levels of FVIIa-AT were predictors of

total mortality in CAD patients who were taking an ‘opti-

mal’ medical therapy (i.e. with both b-blockers and sta-

tins, in addition to antiplatelet agents―176 subjects, with

23 deaths during follow-up, 10 of which had cardiovascu-

lar causes (HR 2.41, 95% CI 1.02–5.73, in a sex- and

age-adjusted model).

Data on left ventricular ejection fraction (LVEF) were

available for a subgroup of 412 subjects (with 79 deaths

during follow-up, 48 of which had cardiovascular causes).

Even including LVEF in a regression model, high levels

of FVIIa-AT were a predictor of total and cardiovascular
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mortality (Table 4, Model 6). Taking into account the

previously demonstrated correlations of FVIIa-AT with

either plasma lipids or classic coagulation times

(Table S1), further regression models were set up. High

levels of FVIIa-AT remained a significant predictor of

both total and cardiovascular mortality after adjustment

for HDL-C and triglycerides, as well as for prothrombin

time and activated partial thromboplastin time (Table 4,

Models 4 and 5). All these associations were confirmed

by multiple imputation analysis if indicated (Table 4), as

well as by censoring follow-up times for subjects lost in

follow-up (n = 36) at date of change of domicile

(Table S5, Fig. S3).

In the subgroup analysis of subjects for whom FVIIa

data were available (212 subjects, with 30 deaths during

follow-up, 21 of whom had cardiovascular causes),

FVIIa-AT plasma concentration but not FVIIa level was

a predictor of total mortality in a sex- and age-adjusted

Cox regression model (Table S6).

Finally, discrimination and reclassification analyses were

performed. The addition of FVIIa-AT levels to a model

that included the other predictors of mortality improved

the discrimination (at 48, 72, and 96 months), although

the magnitude of the improvement of C-statistic was mod-

est (Table S7). In cNRI analysis, the risk classification of a

model including the other predictors was slightly improved

by FVIIa-AT for total mortality (at 72 and 96 months)

but not for cardiovascular mortality (Table S8).

Discussion

In this study, high FVIIa-AT levels were consistently

associated with thrombin generation, in particular with

an increased ETP, supporting the hypothesis of FVIIa-

AT as a marker of hypercoagulability. High FVIIa-AT

levels were shown to be a predictor of total and cardio-

vascular mortality in patients with established and clini-

cally stable CAD, which prevented potential biases due to

‘acute phase’ activation of the coagulation cascade.

Our results confirm previous observations showing that

FVIIa level is the strongest predictor of FVIIa-AT levels

[22,23]. In our study, population plasma concentrations

of HDL-C and triglyceride, although with much lower

coefficients, were also weak predictors of FVIIa-AT levels

even after adjustment for FVIIa levels, emphasizing the

extensive connection between plasma lipids and the coag-

ulation pathway [40,41].

In our study population, no difference in FVIIa-AT

levels was observed between CAD and CAD-free subjects,

suggesting the concept that FVIIa-AT plasma concentra-

tion could be more related with the prognosis rather than

the occurrence of CAD. It is worth noting that baseline

levels of FVIIa-AT in CAD patients who died during fol-

low-up were higher not only than those in survived CAD

patients but consistently also than those in CAD-free sub-

jects (P = 0.029 by sex- and age-adjusted analysis).T
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Only a few studies have investigated the clinical signifi-

cance of FVIIa-AT plasma levels in thrombotic disease

[42]. Spiezia and colleagues [22] found a difference in

FVIIa-AT levels between acute and previous arterial or

venous thrombosis, attributing the decrease during acute

thrombotic events to the presence of TFPI–FXa com-

plexes that could create the TF–FVIIa–TFPI–FXa qua-

ternary complexes which in turn may inhibit the

formation of the FVIIa–AT complex. In the Stockholm

Coronary Atherosclerosis Risk Factor (SCARF) study,

patients with previous MI had slightly increased FVIIa-

AT levels compared with healthy controls, with a large

overlap of intervals [23]. However, the SCARF study can-

not be appropriately compared with our study, because

the case-control design was not angiography based.

In our study population, high plasma concentrations of

FVIIa-AT were a strong predictor of mortality in patients

with clinically stable CAD. Notably, the prognostic

impact of high FVIIa-AT levels on mortality appeared

similar to that related to a history of previous MI

(Fig. 3). In the Stockholm study of 60-year-old individu-

als, no predictive value of FVIIa-AT plasma concentra-

tion was found for cardiovascular events [23]. However,

the Stockholm study aimed at using the FVIIa-AT assay

in the setting of primary prevention of CAD: the outcome

variables were first cardiovascular events (i.e. angina, MI,

and ischemic stroke) and only subjects without a previous

history of cardiovascular disease were recruited [23]. By

contrast, in our prospective study, we only considered

lethal events in patients with angiographically proven sev-

ere CAD [24]. Starting from the hypothesis that FVIIa-

AT is a marker of a prothrombotic state, we consider it

biologically plausible that its prognostic role may be most

relevant when there are preexisting atherosclerotic pla-

ques.

If confirmed in other similar populations, our results

may point toward high FVIIa-AT levels as predictors of

clinical ‘vulnerability’ due to prothrombotic diathesis in

CAD patients [43]. High levels of FVIIa-AT remained a

significant predictor of both total and cardiovascular

mortality also after adjustment for prothrombin time and

activated partial thromboplastin time. Such a result

underlines the potential ability of FVIIa-AT to disclose

components of the prothrombotic diathesis complemen-

tary to and more advanced than the classic clotting times,

as well as more specifically associated with clinical out-

comes in CAD.

There is great interest in prognostic biomarkers in

CAD patients already receiving a full cardiovascular ther-

apy, in whom the traditional risk factors for atherosclero-

sis or markers of cardiovascular risk, like low-density

lipoprotein cholesterol [44] or hsCRP [45], may be not
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related with clinical outcomes. It is worth noting that in

our study population FVIIa-AT plasma concentration

was a predictor of mortality even in patients using all the

usual medications for CAD treatment [1]. This leaves

open the hypothesis of possible benefits in using more

aggressive therapeutic approaches in this high-risk group.

We can speculate on the possible beneficial use of oral

direct FXa inhibitors in patients with high FVIIa-AT

levels, by blocking the excess of FX activation mediated

by FVIIa–TF pathway [46,47].

Clearly, our findings have to be confirmed by further

larger prospective studies. At the moment, caution should

be advised in disentangling the potential prognostic role

of FVIIa-AT. Adding FVIIa-AT levels to established

CAD risk factors resulted in only modest improvement of

discrimination (C-statistic), while reclassification analysis

by cNRI revealed minimal improvement for total mortal-

ity only.

We recognize that the present study has some limita-

tions, such as the unbalanced distribution of subjects with

or without CAD in the case-control study and the low

number of female participants enrolled. Nonetheless, con-

sidering the distribution and the difference of FVIIa-AT

levels detected in CAD patients who survived or died dur-

ing the follow-up period, the statistical power of this

analysis in our study population was about 85% by Alt-

man’s nomogram with a significance level of 0.05. There

was a lack of data about the effect of variations of AT

concentration on the FVIIa-AT complex, but a previous

study did not support a strong relationship between AT

and FVIIa-AT levels [22]. There was no consideration of

TFPI, but it should be noted that as any TFPI–FVIIa
(along with TF and FXa) complex formed is not released

into the plasma, it is not possible to measure it [48].

The lack of assessment of non-fatal cardiovascular

events in the follow-up represents a limitation of our find-

ings. Therefore, we emphasize that the implications of the

present results are restricted to the setting of mortality in

CAD population. Nonetheless, the robustness of the end-

points considered (i.e. total and cardiovascular mortality)

is a strength of our study. Another strength is the angio-

graphic evaluation of coronary arteries in both cases and

controls, which allowed for a clear-cut definition of the

clinical phenotype.

In summary, in our study a single measurement of

FVIIa-AT at the time of coronary angiography, usually

before intervention of coronary revascularization, was a

predictor of both total and cardiovascular mortality in

clinically stable CAD patients. Our data also point

toward FVIIa-AT as a marker of hypercoagulability.
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Fig. S2. Total (A) and cardiovascular (B) mortality

according to quartiles of activated factor VII–antithrom-

bin complex (FVIIa-AT) plasma concentration.

Fig. S3. Total and cardiovascular mortality rate according

to quartiles of activated factor VII–antithrombin complex

(FVIIa-AT) plasma concentration in the whole coronary

artery disease population, censoring follow-up times for

subjects lost in follow-up (n = 36) at date of change of

domicile (i.e. their last documented certification of being

alive). Subjects who died perioperatively (n = 8) were

excluded from this analysis.

Table S1. Distribution of subjects with or without coro-

nary artery disease (CAD) according to deciles of acti-

vated factor VII–antithrombin complex (FVIIa-AT)

plasma concentration.

Table S2. Associations of activated factor VII–antithrom-

bin complex (FVIIa-AT) plasma levels with clinical and
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laboratory characteristics by linear regression models in

the study population.

Table S3. Predictors of activated factor VII–antithrombin

complex (FVIIa-AT) variability by adjusted linear regres-

sion models in the whole study population (A, n = 686)

and in subgroup of subjects for whom data of FVIIa

levels were available (B, n = 305).

Table S4. Correlation between activated factor VII–an-
tithrombin complex (FVIIa-AT) and thrombin generation

parameters.

Table S5. Plasma concentration of activated factor VII–
antithrombin complex (FVIIa-AT) above the median level

(≥ 79 pmol L–1) as a predictor of total and cardiovascular

mortality in different Cox regression models, censoring

follow-up times for subjects lost in follow-up (n = 36) at

date of change of domicile (i.e. their last documented cer-

tification of being alive). Subjects with FVIIa-AT levels

below the median value are considered as reference

group.

Table S6. Activated factor VII–antithrombin complex

(FVIIa-AT) and FVIIa levels as predictor of total mortal-

ity in a sex- and age-adjusted Cox regression model (212

subjects with 30 deaths).

Table S7. Assessment of the improvement in prediction

performance gained by adding activated factor VII–an-
tithrombin complex (FVIIa-AT) levels to a set of baseline

predictors in Cox models for total and cardiovascular

mortality.

Table S8. Continuous net reclassification improvement

(cNRI) analysis for total (A) and cardiovascular mortality

(B) by adding activated factor VII–antithrombin complex

(FVIIa-AT) levels to a reference model that included the

other predictors of mortality.
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