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A b s t r a c t : The goal of our study was to evaluate the value of fibrinogen, D-
dimers and antithrombin III plasma levels in prognosticating mortality in patients 
suffering from both peripheral arterial disease (PAD) and coronary artery disease 
(CAD).  

Patients and methods: 90 patients with coexistent PAD and CAD were 
enrolled in a 36 months study, and evaluated for the following parameters: age, sex, 
current smoking, ankle-brachial index, claudicating distance, ejection fraction, trigly-
cerides, cholesterol, LDL, fibrinogen, D-Dimers, antithrombin III, creatinine, gly-
caemia, histories of myocardial infarction, stroke, diabetes and previous revasculari-
zation, as well as a number of other concurrent diseases.  

We developed a linear regression model for identification of variables, 
associated with cardiovascular events, and a multivariate regression model to define the 
predictors of mortality.  

Results: We registered 126 cardiovascular events during three years’ follow-
up. The number of cardiovascular events correlated with fibrinogen (r = 0.59, p = 0.01) 
and with D-dimers (r = 0.48, p = 0.01). 

A mortality of 8.89% was found for the period of three years in patients with 
coexistent PAD and CAD. The variables independently associated with mortality found 
by mutlivariate analysis were fibrinogen (r = 0.21, p 0.02, score = 2.78),  DD (r = 0.94, 
p = 0.01, score = 17.24) and ankle-brachial index (r = 0.40, p = 0.03, score = 4.84). 
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Conclusions: The reported data demonstrated fibrinogen and D-dimers as 
independent  predictors of mortality in patients with polyarterial disease. 
 
Key words: polyarterial disease, peripheral arterial disease, coronary artery disease, 
prognosis, fibrinogen, D-dimers. 
 
 

Introduction 
 
Patients with polyarterial disease: peripheral (PAD) and coronary artery 

disease (CAD) have a high rate of mortality, reported as 20% to 30% over 10 
years, which is twice to three times more than in the common populations [1,2].  

The mortality in these patients is due to cardiovascular events: 35–60% 
of all deaths are from coronary artery disease, 7–17% from cerebrovascular 
disease, and 8% from aortic dissection [3, 4, 5]. 

Derangements in haemostatic parameters are risk factors for the 
development of PAD and  CAD. Haemostatic dysbalances have their origin in 
life habit (smoking), are associated with some diseases (diabetes), or are 
otherwise identified as congenital coagulopathies [1, 6]. 

Elevated fibrinogen and D-dimers plasma levels, also a reduction of 
antithrombin III level were detected in patients with peripheral and with 
coronary artery disease. 

Fibrinogen has atherogenic vascular effects noted by fibrin endothelial 
deposition and alterted endothelial permeability by fibrin peptides [7]. The 
plasma level of fibrinogen correlates with a subclinical form of cardiovascular 
disease and its evolution to a clinical form. The Cardiovascular Health Study, 
APSIS, ECAT, Speedwell study and Northwick Park Heart Study have identi-
fied fibrinogen as a prognostic factor of CAD (4.8–18).  

The values of D-Dimers as fibrin degradation products are associated 
with the extent of atherosclerosis and future cardiovascular events in patients 
with CAB [19–26].  

Antithrombin III has been presented as a prognostic marker for 
coronary patients [12.24].     

Their role in the prognostication of peripheral arterial disease is still 
under debate. 

The goal of our study is to define the role of fibrinogen, D-dimers and 
antithrombin III in prognosticating the mortality of patients suffering from both 
peripheral and coronary artery disease. 
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Patients and methods 
 
From March 1st 2000 to 2003, 90 patients with coexistent PAD and 

CAD were enrolled in a prospective observational study. PAD was defined with 
value of ankle-brachial index < 0.9. CAD was defined as previous myocardial 
infarction or myocardial revascularization, or clinical symptoms confirmed with 
coronary angiography.   

The examination methods used in the study were: anamnesis and hi-
story of disease, continuous Doppler sonography, peripheral and coronary an-
giography, and echocardiography for ejection fraction. Basic biochemical and 
haematological analyses were done. Plasma levels of fibrinogen were analysed 
with a modified Claus method.  

D-dimers were turbidimetrically determined, antithrombin III was chro-
mogenically analysed. We used Dade-Behring reagents for these methods.  

All the patients were followed up for three years for future cardiovas-
cular events and deaths. We used SPSS 8.0 for Windows package for statistical 
analysis.  

Spearmen’s coefficient was used to find the relation between the 
estimated parameters. 

A linear regression model was built for identification of variables asso-
ciated with cardiovascular events, and a multivariate regression model to define 
the predictors of mortality.  

 
 

Results 
 
The mean age of sample was 62.3 + 6.9 years. 73% of the population 

were men. The basic characteristics of the defined population are presented in 
Table 1. 

 
Table 1 – Tabela 1 
 

Basic characteristics of patients 
Osnovni karakteristiki na pacientite 

 
men                         73.3 % (66)       
histories of: 
myocardial infarction                   54.4 % (49)          
stroke                                 7.7 % (7)                    
previous revascularization        21.1 % (19)          
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  arterial hypertension                  61.1 % (55)             
  diabetes mellitus         55.5 % (50)            
  current smoking                    60 % (54/90)           
  comorbity                     1.9 + 0.8                      
  EF (%)          49.86 + 10.55   
  NYHA III/IV % (pts)          27.8 (25) 
  Systolic blood pressure(mmHg)  157.5 + 18.3   
  Ankle-brachial index    0.58 + 0.23     
  Glycaemia(mmol/L)    6.72 + 2.03        
  Urea      8.12 + 4.82         
  Creatinine                 87.52 + 41.21          
  Na                  139.52 + 4.51        
  K                  4.74 + 0.52         
  Tryglicerids                   2.07 + 0.96   
  Cholesterol.                 5.64 + 1.21   
  HDL      1.19 + 0.85   
  LDL      3.52 + 1.29   
  Fibrinogen (g/L)                4.29 + 1.22  
  antithrombin III                                  0.197 + 0.061   
  D-dimers (µg/ml)                       1101.24 + 1730.37     

________________________________________________________________ 
 
The data show the elevation of values of fibrinogen plasma level 4.29 

g/L + 1.22 (normal value 2–4 g/L), and D-dimers 1101.24 µg/ml + 1730.37 in 
the study group at study startpoint (normal value 0–350 µg/ml). Mean AT III 
was 0.19 g/L + 0.06 (normal value 0.17–0.3 g/L). 

There is a strong correlation with values of fibrinogen and the presence 
of diabetes mellitus (r = 0.40), but a poor correlation with smoking (r = 0.05), 
dislipidemia (r = 0.17), arterial hypertension (r = 0.16) and age (r = 0.19). A 
correlation between D-dimers and DM was found (r = 0.53). Significant 
correlation coefficients between D-dimers and smoking, age, dislipidemia and 
arterial hypertension were not found. 

During three years of follow-up 126 events were registered. The most 
frequent events were: acute myocardial infarction, heart failure and peripheral 
thrombembolism.  

The linear regression model reported correlations between cumulative 
incidences of cardiovascular events for three years and values of: fibrinogen 
(with r = 0.59, p = 0.01) and D-Dimers (r = 0.48, p = 0.01) (Figs. 1, 2). Clearly, 
a significant relation between antithrombin III and events was not found (r = 0.13, p 
= 0.01). 
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Figure 1 – Relation between cumulative rate of events and plasma fibrinogen level 

Slika 1 ‡ Soodnos pome|u kumulativnata stapka na zbidnuvawata 
i nivoto na fibrinogen vo plazma 

 
Figure 2 – Relation between cumulative rate of events and D-dimers 

Slika 2 ‡ Soodnos pome|u kumulativnata stapka na zbidnuvawa 
 i D-dimerite 

 
 Univariate analysis defined the risk of elevated values of fibrinogen and 
D-Dimers for the onset of cardiovascular events with Hazard ratio 1.07 for fib-
rinogen and 2.55 for D-dimers.  

These results identified fibrinogen and D-Dimers as factors for the 
prognosis of coexistent peripheral and coronary artery disease. 
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The data obtained present three years' mortality 8.89%, or 2.96% as a 
one-year rate, respectivly.  

Only fibrinogen, D-dimers and ankle-brachial index were identified as 
predictors of mortality of patients with coexistent PAD and CAB, presented by 
multivariate analysis (Table 2). 

 
Table 2 – Tabela 2 
 

Prognostic value of variables (Cox regression analysis) 
Prognosti~ka vrednost na varijablite 

(Koksova regresiona analiza) 

 
Variables OR df p R 

          Categorical variables     
male 1,5062 1 0,2197 0,0000 
smoking 3,0187 1 0,0823 0,2424 
diabetes 0,1409 1 0,5002 0,0000 
myocardial infarction 0,1049 1 0,7460 0,0000 
stroke 0,1769 1 0,6741 0,0000 
previous revascularization 0,4423 1 0,5060 0,0000 
          Continuous variables     
age 1.4923 1 0,2219 0,4050 
ankle-brachial index 4,8433 1 0,0278 0,0000 
ejection fraction 1,2100 1 0,2713 0,0000 
systolic blood pressure 0,4600 1 0,4976 0,0000 
glycemia 0,2274 1 0,6334 0,0000 
Fibrinogen 2,7771 1 0,0500 0,2117 
D-Dimers 17,2445 1 0,0100 0,9377 
tryglicerids 0,0692 1 0,7925 0,0000 
cholesterol 0,0533 1 0,8174 0,0000 
LDL 0,2524 1 0,6154 0,0000 
Comorbidy 0,0423 1 0,8370 0,0000 

Residual Chi Square = 32.37 with 18 df p (Sig) = 0.199 
 
The prognostic importance of fibrinogen and D-Dimers was evaluated 

by a Kaplan-Meier curve of mortality with p = 0.05, log. likelihood 41.32. 
Patients stratified for elevated plasma level of F > 4.5 g/L and DD > 300 µg/ml, 
have a higher mortality that the other patients (Figure 3). 
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Figure 3 – Cumulative rate of mortality of patients with PAD and CAD stratified 

 with elevated plasma level of fibrinogen and D-dimers 

Slika 3 ‡ Kumulativna stapka na mortalitetot na pacientite so PAB 
 i KAB, stratificirani za poka~eni vrednosti  

na fibrinogen i D-dimeri 
  

 
Discussion 

 
The results of the study show an overall three-years mortality of 8.89%. 
Our results are comparable with studies on patients with PAD, and on 

patients with CAD and low ABI: Criqui’s study (3.4% for one year) and BARI 
(2.1%) (Table 3) (7.29).  

All reported deaths were due to cardiovascular events. 
The most frequent fatal event was myocardial infarction. Our results are 

identical with studies by Smith and Leng, reporting myocardial infarction as the 
most frequent event [27]. 

Our study’s multivariate analysis found fibrinogen, D-dimers and an-
kle-brachial index as predictors of mortality of patients with polyarterial 
disease.  
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Table 3 –Tabela 3  
 

Mortality in patients with peripheral arterial disease 

Mortalitet na pacientite so periferna arteriska bolest 

 
Studies ts. mortality 

(a year rate %) 
Jelnes1986 57 2,2 
Criqui 1992 65 3,3 
CASS 1995 834 2,8 
BARI 1999 9 2,1 
Our study 2002 0 2,9 

 
The ankle-brachial index is a predictor of mortality with a score of 4.84 

(r 0.40, p 0.03). ABI is a predictor of mortality in patients with PAB with a 
relative overall risk of mortality of 1.8 (Trans-Atlantic Consensus of PAD), or 
for cardiovascular mortality with a relative risk of 2.2 (Cardiovascular Health 
study, Lang) [4, 27, 30]. A possible mechanism could be based on that ABI 
defined extent of atherosclerosis. Polyarterial involvement is also in relation to a 
higher rate of future events.   

The Northwick, Speadwell, APSIS and ADEP studies and the investiga-
tion of Wilhelmesen, Stone identified hyperfibrinogenemia as a risk factor for 
coronary and peripheral arterial disease (11–16). Only the ADEP group found 
fibrinogen as a predictor of events and Banerjee as predictor of mortality [31, 
32]. Our study reports fibrinogen as a predictor of mortality in patients with 
PAD with of score 2.78 (r = 0.21, p = 0.05). 

A strong predictor of mortality of patients with PAD and CAD are D-
dimers (score = 17.24, r = 0.94, p = 0.01). This finding supports the thesis of the 
association of intravascular fibrin with atherothrombosis. [36] 

The concept that activated thrombogenesis dictates the clinical outcome 
of patients with vascular disease in peripheral and coronary territories is stron-
gly supported by these results. Thus, the detection of haemostatic parameters: 
fibrinogen and D-dimers seems to be very useful. uture studies on the prog-
nostic importance of other haemostatic parameters are necessary. 
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Cel na studijata: Procena na vlijanieto na fibrinogenot, D-di-
merite i antitrombinot III vrz stapkata na mortalitet kaj pacientite so 
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poliarteriska bolest: periferna arteriska bolest (PAB) i koronarna 
arteriska bolest (KAB). 

Pacienti i metodi: 90 pacienti bea vklu~eni vo ovaa 36 mese~na 
studija:  

So cel da se ispita vlijanieto na vozrasta, polot, pu{eweto, glu`-
no-nadlakotniot indeks (ABI), klaudikacionata distanca (KD), e`ekcio-
nata frakcija, trigliceridite, holesterolot, LDL, hemostatskite para-
metri: fibrinogen, D-dimeri (DD), antitrombin III, kreatininot, glikemi-
jata, istorijata na miokardniot infarkt, mozo~en udar, dijabet, prethodna 
revaskularizacija, kako i brojot na pridru`nite zaboluvawa. Koristen 
be{e linearniot regresionen model za odreduvawe na faktorite povrzani 
so kardiovaskularnite zbidnuvawa i multivarijanten regresionen model za 
definirawe na prediktorite na mortalitetot.  

Rezultati: Za period od tri godni bea registrirani 126 kardio-
vaskularni zbidnuvawa. Brojot na zbidnuvawata korelira{e so vrednos-
tite na fibrinogenot (r = 0.59 p 0.01), i DD (r = 0.48, p = 0.01).  

Be{e pronajden mortalitet od 8,89% za period od tri godini kaj pa-
cientitite so koegzistira~ka PAB i KAB. Faktori nezavisno povrzani so 
mortalitet, vrz osnova na multivarijantata analiza se fibrinogenot (score 
2.78, r = 0.21, p = 0.05), D-dimerite (score 17.24, r = 0.94, p = 0.01) i ABI (score 
4.84, r = 0.40, p = 0.03). 

Zaklu~ok: Rezultatite od ovaa studija gi prepoznavaat fibrinoge-
not i  D-dimerite za prediktori na mortalitet na poliarteriskata bolest.  

 
Klu~ni zborovi: poliarteriska bolest, periferna arteriska bolest, koro-
narna arteriska bolest, prognoza, fibrinogen, D-dimeri. 

 

 


