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associated systemic atherosclerosis in these high-risk pa-
tients. Future trials should focus on the effect of different 
classes of drugs (e.g. statins and fibrates) on the levels of the 
emerging risk factors and the association with ARAS pro-
gression. 
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 Introduction 

 The population-based prevalence of atherosclerotic 
renovascular disease (ARVD), defined as  6 60% athero-
sclerotic renal artery stenosis (ARAS) or occlusion, is ap-
proximately 7% in adults  1 65 years  [1] . ARAS is 1 aspect 
of a multiterritory (systemic) atherosclerotic disease. This 
concept is supported by the observations that ARAS is 
identified in approximately 12% of the subjects undergo-
ing coronary angiography  [2, 3]  and 26% of the subjects 
investigated for peripheral arterial disease (PAD)  [4] .

  Renal ischemia resulting from ARAS has 2 important 
sequelae: (1) systemic hypertension (frequently requiring 
multiple antihypertensive agents) placing the individual 
at increased risk of stroke and myocardial infarction (MI) 
 [5, 6] , and (2) renal atrophy and nephron loss (strong cor-
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 Abstract 

  Background:  The established risk factors for atherosclerotic 
renal artery stenosis (ARAS) include hypertension, diabetes 
mellitus, dyslipidemia, obesity,   smoking, old age and family 
history. In the last few years, several emerging risk factors 
have been proposed as predictors of ARAS, namely homo-
cysteine, fibrinogen, C-reactive protein, lipoprotein(a) and 
creatinine.  Methods:  We searched Pubmed/Medline for 
studies investigating the prognostic value of each of these 
emerging risk factors in ARAS.  Results:  Creatinine and C-re-
active protein seem to be the most promising predictors of 
ARAS, whereas the prognostic value of homocysteine, 
lipoprotein(a) and fibrinogen is not yet fully determined. 
 Conclusion:  The establishment of a definite role for these 
emerging risk factors could result in earlier recognition and/
or better management of ARAS with potential regression/
slowing down of progression of stenosis. Modifying these 
markers may also improve the therapeutic approach of the 
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relation between the degree of ARAS and the risk of renal 
atrophy, p = 0.009)  [7] . ARAS is therefore a cause of both 
hypertension and renal insufficiency  [8, 9] .   The latter is 
coupled with an increased risk of progression to end-
stage renal disease  [5, 6] . As a result, ARAS is the under-
lying disease in 10–40% of the patients entering dialysis 
programs  [10, 11] .

  A variety of techniques exist with which to anatomi-
cally evaluate ARAS. Intra-arterial digital subtraction 
angiography is the standard diagnostic test for ARAS 
 [12] . However, it is not without risk; these procedures are 
associated in up to 50% of the cases with a temporary or 
permanent reduction in glomerular filtration rate that 
may relate either to contrast nephropathy (both iodine-
based and more recently gadolinium-associated)  [12]  or 
to cholesterol embolization  [13] . Renal artery duplex 
scanning can be performed with high levels of accuracy 
and reproducibility in patients with ARAS  [14–18] . Ad-
ditional advantages include being noninvasive and less 
expensive than intra-arterial digital subtraction angiog-
raphy. However, it is often impossible to obtain good im-
aging in obese patients  [13] . Other tests also exist (e.g. 
spiral computed tomography, isotope renography and 
magnetic resonance angiography) but each has advantag-
es and disadvantages  [13] .

  Identification of risk factors that predispose to ARAS 
is crucial for the development of strategies for prevention. 
Hypertension  [19–23] , diabetes mellitus  [19, 20, 22, 24] , 
dyslipidemia  [21, 23, 25, 26] , obesity  [27–30] , smoking  [21, 
31] , older age  [1, 21, 32, 33]  and family history  [34–36]  
comprise established risk factors for ARAS and ARVD. 
Emerging risk factors include deteriorating renal func-
tion (as defined by rising serum creatinine levels), homo-
cysteine, fibrinogen, C-reactive protein (CRP) and lipo-
protein(a) [Lp(a)].

  This review considers the role of emerging risk factors 
in ARAS.

  Literature Search Method 

 We searched Medline for studies evaluating the role of 
emerging risk factors for ARAS. The search terms used 
were ‘atherosclerosis’, ‘renal artery stenosis’, ‘risk factors’, 
‘fibrinogen’, ‘C-reactive protein’, ‘lipoprotein(a)’, ‘homo-
cysteine’ and ‘creatinine’ in various combinations. The 
reference lists of the selected reports were manually 
searched for additional studies. These were also consid-
ered in our review.

  Literature Search Results 

 Several plasma constituents have been identified as 
potential risk factors for the development of ARAS. For 
some, current evidence is not adequate; others have an 
established role in predicting ARAS.

  We discuss the literature data regarding the prognos-
tic role of each of the proposed emerging risk factors.

  Fibrinogen 
 Fibrinogen is an acute phase protein, whose produc-

tion may be enhanced by the inflammatory process as-
sociated with atherosclerosis  [37] . Fibrinogen is a major 
determinant of plasma viscosity and it can influence red 
cell aggregation, platelet activation and coagulation  [37] . 
Furthermore, atherosclerotic plaques have been shown to 
contain fibrinogen, fibrin and fibrinogen degradation 
products, which may play a role in smooth muscle cell 
proliferation and act as chemoattractants for leukocytes 
 [37] . These proatherogenic properties may play a role in 
the pathogenesis of ARAS.

  Plasma fibrinogen levels correlate with the risk of PAD 
 [37–41] , coronary heart disease (CHD)  [37, 38, 42] , MI 
 [38, 42] , the extent of aortic atherosclerosis  [38, 43] , ca-
rotid intima media thickness  [38, 44] , a worse outcome in 
patients with ischemic stroke  [45]  as well as an increased 
risk of recurrent ischemic stroke  [46] .

  The role of fibrinogen in ARAS was investigated in 
270 patients (193 men, 77 women; mean age: 59 years) 
with CHD  [47] . By univariate logistic regression analysis, 
older age (68  8  8 vs. 58  8  10 years, for ARAS vs. no 
ARAS, respectively), the presence of hypertension (61 vs. 
38%), a high plasma fibrinogen level (391  8  93 vs. 335  8  
109 mg/dl), a low albumin level (39  8  4 vs. 41  8  4 g/l) 
and a low hemoglobin level (12.5  8  1.6 vs. 13.5  8  1.6 g/
dl) were associated with the presence of ARAS (for all as-
sociations, p  !  0.05). On the other hand, serum lipids, 
Lp(a), creatinine, sex, smoking and diabetes were not as-
sociated with ARAS. By multivariate logistic regression 
analysis, older age [odds ratio (OR) = 2.4, p = 0.0001], the 
presence of hypertension (OR = 2.68, p = 0.039) and a 
higher fibrinogen level (OR = 1.63, p = 0.038) were sig-
nificant risk factors of ARAS  [47] . These results suggest 
that hyperfibrinogenemia, as well as old age and hyper-
tension, are independent risk factors for ARAS.

  A recent trial verified the association between elevated 
fibrinogen levels and the presence of ARAS  [2] . After per-
forming renal angiography in 333 hypertensive patients 
with CHD, significant ( 1 50%) and nonsignificant ( ! 50%) 
ARAS was identified in 12% (40 patients) and 13.5% (45 
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patients) of the group, respectively. Patients with  1 50% 
ARAS had higher fibrinogen levels compared with non-
ARAS patients (402.5  8  122.7 vs. 354.0  8  104.8 mg/dl, 
respectively; p  !  0.01)  [2] . In univariate analysis, plasma 
fibrinogen levels were significantly associated with ARAS 
[estimated OR = 1.036, 95% confidence interval (CI) = 
1.008–1.065, p = 0.01]  [2] .

  The strong association between elevated plasma fi-
brinogen levels and the presence of ARAS was demon-
strated in another study  [48] . The plasma fibrinogen lev-
els were approximately 25% higher in ARAS patients 
compared with controls (325.9  8  70.0 vs. 256.2  8  54.7 
mg/dl, for ARAS and control patients, respectively, p  !  
0.05)  [48] . However, the small number of patients in-
volved (15 patients with ARAS and 27 controls) is an im-
portant limitation  [48] . In an earlier study, the same 
group reported that preinterventional plasma fibrinogen 
levels correlate with restenosis 1–6 months following per-
cutaneous transluminal renal angioplasty (PTRA) per-
formed for ARAS (p  !  0.01)  [49] .

  The evidence for the predictive value of fibrinogen in 
ARAS is therefore still limited. Its role as a prognostic 
marker for ARAS should be verified in larger scale trials 
before definite conclusions are drawn.

  C-Reactive Protein 
 High circulating CRP levels are related with future 

cardiovascular event rates in both stable and unstable an-
gina  [50] . CRP is also associated with increased risk of 
carotid atherosclerosis  [51, 52] , CHD  [53–55] , MI  [56, 57] , 
stroke  [58–60]  and PAD  [61–63] . In the Rotterdam Study, 
CRP levels predicted progression of atherosclerosis mea-
sured noninvasively at various sites of the arterial tree 
(carotid, aortic, iliac and lower extremity)  [64] . It has 
been suggested that measuring CRP, in addition to tradi-
tional risk factors, may improve the ability to predict car-
diovascular events  [65] . Besides being a predictor of vas-
cular risk, CRP may be directly involved in atherogenesis 
 [66, 67] . Such actions may include proinflammatory cy-
tokine release, promotion of monocyte chemotaxis and 
adhesion, vascular smooth muscle cell proliferation and 
oxidized low-density lipoprotein (LDL) uptake  [66, 67] . 
However, this role for CRP in atherogenesis remains 
speculative, as is its role in the pathogenesis of ARAS.

  CRP levels were measured in 95 hypertensive pa-
tients clinically at risk of ARAS, who then underwent 
intra-arterial digital subtraction angiography  [68] . The 
median serum CRP concentrations were significantly 
higher among the 57 patients with atherosclerosis of the 
aorta and/or renal arteries compared with those in the 

26 patients without any angiographic lesions (4.6 vs. 1.7 
mg/l; p    !  0.005). Moreover, in patients with ARAS, the 
CRP levels were higher when the degree of stenosis ex-
ceeded 50%. It was concluded that CRP concentrations 
correlate with atherosclerotic lesions in the renal arter-
ies and the abdominal aorta, thus supporting the view 
that ARAS is part of a systemic inflammatory vascular 
disease  [68] . In addition, CRP levels correlate with renal 
function  [69] .

  CRP levels constitute a late marker of systemic inflam-
matory response to renal artery stenting  [70, 71] . A recent 
study also demonstrated that ARAS patients with reste-
nosis had higher CRP levels compared with similar pa-
tients without restenosis [7.694  8  0.39 vs. 1.56  8  1.08 
mg/l, for patients with (n = 10) vs. without (n = 20) reste-
nosis, respectively; p = 0.001]  [72] . The conclusion reached 
was that CRP levels might be an independent predictor 
of recurrent stenosis in ARAS. An independent group 
verified this association  [2] ; patients with ARAS had 
higher high-sensitivity CRP levels compared with con-
trols (7.87  8  4.81 vs. 5.57  8  3.86 g/l, respectively; p  !  
0.05). By univariate analysis, high-sensitivity CRP levels 
were associated with the presence of ARAS (estimated 
OR = 1.137, 95% CI = 1.040–1.243; p = 0.005)  [2] .

  These results suggest that CRP is a marker of ARAS 
and renal function.

  Lipoprotein(a) 
 Lp(a) shares a structural homology with plasminogen 

and therefore may impair fibrinolysis  [73] . There is also 
some evidence showing that Lp(a) can enhance platelet 
activation  [74] . Lp(a) may also be involved in restenosis 
following infrainguinal bypass  [75] . Other atherogenic 
actions of Lp(a) have been described and are reviewed 
elsewhere  [73] . The role of Lp(a) in the pathogenesis of 
ARAS may be confounded by the potential rise in circu-
lating levels of this lipoprotein in the presence of im-
paired renal function  [73] .

  Serum Lp(a) levels correlate significantly with the risk 
of MI  [76] , PAD  [77] , CHD  [78]  and stroke  [79, 80]  as well 
as the risk of developing intermittent claudication  [76] . Its 
role in ARAS has not been extensively investigated.

  Scoble et al.  [81]  examined the lipoprotein profiles in 
patients with proven ARAS and compared them with pa-
tients matched for age, gender, renal function and the 
presence of diabetes. Although no significant difference 
was demonstrated for apolipoprotein B, cholesterol, LDL 
cholesterol, fibrinogen, high-density lipoprotein choles-
terol and triglyceride levels between the groups, the se-
rum Lp(a) levels were higher in the control group (com-
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pared with the ARAS group; 58  8  45 vs. 31  8  21 mg/dl, 
respectively; p  !  0.01).

  A strong positive association was reported in a young 
man with aggressive arterial occlusive disease in the low-
er extremities and symptom-free occlusions of coronary 
and renal arteries in association with high levels of Lp(a) 
 [82] . On the other hand, a study attempting to identify 
the risk factors for renal artery stenosis in 427 patients 
(mean age: 59.2  8  10.3 years) failed to demonstrate a sig-
nificant correlation between serum Lp(a) levels with 
ARAS by univariate logistic regression analysis (29.4  8  
30.3 vs. 25.3  8  23.1 mg/dl, for patients with and without 
ARAS, respectively, p = 0.41)  [83] .

  Therefore, there is no consistent evidence at this stage 
that Lp(a) is an important independent risk factor for 
ARAS.

  Homocysteine 
 The hypothesis that homocysteine plays an active role 

in vascular disease was first proposed almost half a cen-
tury ago  [84] . The basis of this hypothesis was the obser-
vation that the pathological findings in an infant with a 
rare inborn error of B 12  metabolism were similar to those 
in infants with cystathione B-synthase deficiency. This 
observation led to the conclusion that elevation of blood 
homocysteine values (the only metabolic abnormality 
shared in these disorders) was the cause of the vascular 
disease in these children.

  Since then, numerous studies investigated the role of 
homocysteine as a predictor of vascular diseases. A posi-
tive association was demonstrated between plasma ho-
mocysteine levels and extent of atherosclerosis  [85, 86] , as 
well as the risk of hypertension  [87] , stroke  [85–88] , ca-
rotid artery disease  [89, 90] , CHD  [87, 91, 92] , PAD  [93, 
94]  as well as MI  [95, 96] .

  Homocysteine may exhibit several atherogenic  [97]  
and prothrombotic  [98]  actions. However, intervention 
trials have not demonstrated any convincing benefit 
when the circulating homocysteine levels were lowered 
 [97] . As with Lp(a), the role of homocysteine in the patho-
genesis of ARAS may be confounded by the potential rise 
in circulating levels in the presence of impaired renal 
function  [97] .

  The plasma homocysteine concentrations were signif-
icantly higher in patients with ARAS compared with con-
trols (11.0  8  3.9 vs. 6.8  8  1.3  � mol/l, respectively; p  !  
0.05)  [48] . However, the results of this study are under-
powered due to the small number of subjects included (15 
patients with ARAS and 27 healthy controls).

  A larger study  [99]  showed that the plasma homocys-
teine levels were significantly higher in ARAS (n = 25) 
patients (median: 15.3  � mol/l, range: 8.4–40.1) when 
compared with healthy (n = 25) controls (median: 9.9 
 � mol/l, range: 7.1–20.7, p  !  0.001). Nevertheless, follow-
ing PTRA, the homocysteine levels were only marginally 
decreased compared with baseline in the 18 of the 25 pa-
tients that were eligible at the 6-month follow-up (medi-
an: 14.9  � mol/l, range: 9.4–33.8, vs. median: 14.6  � mol/l, 
range: 7.9–45.8, for baseline and 6 months after revas-
cularization). This finding questions the validity of plas-
ma homocysteine levels as an independent marker of 
ARAS.

  In another trial, homocysteine levels were recorded in 
58 patients with angiographically documented ARAS 
and mildly impaired renal function  [100] . A total of 102 
normotensive subjects were considered as the control 
group. The mean total homocysteine levels were signifi-
cantly higher in patients than in controls (p  !  0.01), as 
was the prevalence of hyperhomocysteinemia (51.7 vs. 
32.3%, for patients vs. controls, respectively, p  !  0.05). 
The authors concluded that hyperhomocysteinemia is 
common in patients with ARAS. The outcome of a recent 
study strengthens this association  [2] ; in this study, the 
plasma homocysteine values significantly correlated with 
ARAS (14.6  8  7.0 vs. 11.5  8  4.2  � mol/l, for patients with 
vs. without ARAS, respectively; p  !  0.05). Additionally, 
when homocysteine was tested using univariate logistic 
regression analysis for association with ARAS, a positive 
association was reported (estimated OR = 1.106, 95%
CI = 1.107–1,342; p = 0.001)  [2] .

  Thus, the majority of studies seem to support an as-
sociation between plasma homocysteine levels and ARAS 
 [2, 48, 100] . However, opposing results were reported in 
another study  [99] . Hypertensive ARAS patients (n = 25) 
had higher baseline homocysteine levels compared with 
healthy (n = 25) subjects [15.3 (range: 8.4–40.1) vs. 9.9 
(range: 7.1–20.7)  � mol/l, for ARAS patients and healthy 
subjects, respectively; p  !  0.001]. Of the ARAS group, 18 
patients underwent renal revascularization. In this sub-
group, the homocysteine levels were not reduced signifi-
cantly 6 months following renal revascularization com-
pared with baseline values [14.9 (range: 9.4–33.8) vs. 14.6 
(range: 7.9–45.8)  � mol/l, respectively; p = not signifi-
cant]. Thus, the role of homocysteine in ARAS needs to 
be elucidated.

  Creatinine 
 It is now widely accepted that impaired renal function 

(as determined by plasma creatinine levels) is associated 
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with a greater risk of vascular events  [101–104] . Thus, re-
nal and ischemic heart disease may progress in parallel 
 [101–104] . This association may reflect an adverse vascu-
lar risk profile in patients with even marginally impaired 
renal function  [103, 104] .

  Elevated creatinine values (a surrogate for reduced 
glomerular filtration rate) predict a worse outcome (high-
er morbidity and mortality rates) following MI  [105–109] . 
An elevated creatinine is also associated with an in-
creased risk of ischemic stroke and transient ischemic 
 attack episodes  [110, 111] , incidence of CHD  [112]  and all-
cause cardiovascular mortality  [109, 111, 112] . Further-
more, plasma creatinine values correlate with deterio-
rating renal function in untreated dyslipidemic patients 
with CHD  [101, 102] .

  The role of creatinine in predicting significant ( 6 50% 
luminal diameter narrowing) ARAS was investigated in 
a study including 427 patients undergoing cardiac cath-
eterization. By univariate logistic regression analysis, 
plasma creatinine values  6 1.5 mg/dl (115  � mol/l) were 
strong predictors of significant ARAS (p = 0.0001)  [83] . 
Overall, 10.5% of the patients undergoing cardiac cathe-
terization had concurrent ARAS. In half of them, the ste-
nosis was significant ( 6 50% luminal diameter narrow-
ing). The authors proposed the performance of routine 
abdominal aortography at the time of cardiac catheter-
ization to evaluate the renal vasculature in this poten-
tially high-risk group  [83] . These results were verified in 
a recent study with similar design  [113] . Of 1,200 con-
secutive patients undergoing coronary angiography, sig-
nificant ( 6 50%) ARAS was present in almost 1 for every 
10 patients (116 patients or 9.7%). By multivariate logis-
tic regression analysis, serum creatinine levels  6 133 
 � mol/l were a predictor of significant ARAS. The results 
of these 2 studies  [83, 113]  suggest that creatinine levels 
should not only be used as a diagnostic test for the veri-
fication of renal impairment and ARVD but also as an 
important predictor for the presence of ARAS. Addition-
ally, the association between ARAS and CHD suggests 
that atherosclerosis is a multisystemic disease simultane-
ously affecting different vascular beds. The hypothesis of 
a systemic, multiterritory atherosclerotic disease, which 
would imply a possible association between ARAS and 
CHD, has also been proposed in other independent stud-
ies  [2, 114–118] .

  Another study investigated the risk factors affecting 
long-term ( 1 5 years) outcome, survival and renal func-
tion in 195 patients with ARVD treated invasively or 
medically  [119] . Of the patient group, 54 were randomly 
assigned to medical treatment (antihypertensive and lip-

id-lowering drugs) and 136 underwent PTRA. Five pa-
tients were lost to follow-up. The average follow-up was 
54.4  8  40.4 months (range: 12–189). A multivariate lo-
gistic regression analysis [using age, sex, smoking hab-
it, diabetes, presence of vascular comorbidity, total and 
LDL cholesterol, baseline creatinine, hypertension, type 
(monolateral or bilateral) and degree ( 1 75 or  ! 75%) of 
stenosis, type of treatment (medical or invasive) and use 
of statins or angiotensin-converting enzyme inhibitors as 
variables] showed that, besides the use of angiotensin-
converting enzyme inhibitors, the only significant pre-
dictor of renal function impairment was an abnormal 
baseline serum creatinine ( 6 1.6 mg/dl; 123  � mol/l; haz-
ard ratio = 1.42, 95% CI = 1.03–1.95, p = 0.028). When the 
same variables were used to calculate the risk for end-
stage renal disease, the multivariate analysis produced 
baseline serum creatinine as the only predictor (hazard 
ratio = 1.66, 95% CI = 1.22–2.264, p = 0.001). The prog-
nostic role of creatinine was additionally supported by 
the fact that in the patients who did not proceed to end-
stage renal disease, the change in serum creatinine dur-
ing the study period was very modest  [119] . The prognos-
tic role of serum creatinine in progressive ARVD and 
worsening renal function was also demonstrated in other 
studies  [120–122] .

  An interesting hypothesis was expressed in a trial in-
vestigating individual kidney function in ARAS  [123] . In 
patients with unilateral ARAS, split kidney glomerular 
filtration rate was demonstrated to be similar in the ste-
nosed compared with the nonstenosed kidney (17.32 vs. 
13.6 ml/min, respectively; p = 0.22)  [123] . However, a re-
duction in split kidney glomerular filtration rate with in-
creasing degree of stenosis was noted ( ! 30%, 27 ml/min; 
30–60%, 17.7 ml/min;  1 60% stenosis, 15 ml/min; p = 
0.016). It was thus hypothesized that in patients with 
ARAS the individual kidney function would be equal be-
tween the 2 kidneys until the degree of stenosis was suf-
ficient to cause a decrement in renal function  [123] . The 
findings from this study support the role of creatinine as 
a predictor of ARAS and deteriorating renal function.

  Another study  [99]  showed that creatinine clearance 
was significantly lower in ARAS (n = 25) patients (me-
dian: 60 ml/min, range: 19–133) when compared not only 
with healthy (n = 25) controls (median: 93 ml/min, range: 
62–141, p  !  0.001) but also with patients (n = 25) with 
documented essential hypertension (median: 102 ml/
min, range: 50–147, p  !  0.001). Furthermore, following 
PTRA, creatinine clearance improved significantly com-
pared with baseline in the 18 of the 25 patients that were 
eligible at the 6-month follow-up (median: 52 ml/min, 
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range: 26–164, vs. median: 63 ml/min, range: 18–151, for 
baseline and 6 months after revascularization, p  !  0.05). 
Other studies have similarly demonstrated that serum 
creatinine values can be used to predict improvement in 
renal function following PTRA  [124, 125] . Furthermore, 
ARAS patients undergoing PTRA with creatinine values 
 1 300  � mol/l (3.9 mg/dl) have almost 5-fold higher mor-
tality rates compared with patients with creatinine values 
 ! 300  � mol/l (relative risk = 4.7, 95% CI = 2.0–11.0, p  !  
0.0005)  [126] .

  The encouraging evidence from PTRA studies in-
volved small numbers of patients and had several design 
limitations. Large-scale randomized trials will determine 
whether or not revascularization is indeed superior to 
medical treatment  [127, 128] . The results of these trials 
are expected to provide more reliable evidence regarding 
the optimal treatment options.

  ARAS and chronic kidney disease are common part-
ners, but this may be because they share common etiolo-
gies (i.e. atherosclerosis) and not directly due to renal ar-
tery stenosis. Therefore, it is difficult to attribute a rise in 
plasma creatinine levels to an exact pathogenetic mecha-
nism. Nevertheless, creatinine is a promising emerging 
vascular risk factor that can be used to successfully pre-
dict not only progressive ARAS but also improvement of 
renal function following PTRA.

  Potential for Modifying Emerging Risk Factors 

 Fibrinogen 
 The effect of drugs on plasma fibrinogen levels has 

been reviewed elsewhere  [37] . Briefly, fibrates can lower 
fibrinogen levels. However, these drugs are also associ-
ated with an elevation of plasma creatinine levels. There-
fore, their use may be limited in patients with ARAS. The 
effect of statins on plasma fibrinogen levels is not consis-
tent. Different antihypertensive agents may also have a 
variable effect on fibrinogen levels  [37, 129] . One problem 
with assessing the role of fibrinogen in ARAS, or for that 
matter in any atherosclerotic disease, is that there is no 
drug that will selectively alter the circulating levels of this 
coagulation factor. All the drugs mentioned above simul-
taneously influence other risk factors  [37] .

  C-Reactive Protein 
 Serum CRP levels are reduced by both fibrates and 

statins  [130, 131] . There is a link between the extent of 
reduction in CRP levels by statins and outcome in clini-
cally relevant events in patients with CHD  [132, 133] . Sev-

eral drugs, other than statins and fibrates, can lower plas-
ma CRP levels in patients with vascular disease  [134] . 
Whether a similar association exists between reduction 
of CRP levels and ARAS progression needs to be deter-
mined. In any case, the value of lowering plasma CRP 
levels in terms of reducing the risk of vascular events re-
mains unconfirmed.

  Lipoprotein(a) 
 Hormone replacement therapy can lower the serum 

Lp(a) levels in postmenopausal women  [135] . Beyond that 
option, Lp(a) levels cannot be easily reduced  [136] . How-
ever, there is some evidence that the harmful effect of 
Lp(a) can be ‘neutralized’, at least in part, by aggressive 
LDL cholesterol lowering treatment  [136] . To our knowl-
edge, there is no clearly defined evidence showing that 
lowering the Lp(a) levels results in reduction of vascular 
events or risk of ARAS progression.

  Homocysteine 
 Plasma homocysteine levels can be lowered by vitamin 

supplementation (B 12 , B 6  and/or folic acid)  [137] . How-
ever, the results of intervention trials are not encouraging 
in terms of reductions of vascular events  [137] .

  Creatinine 
 Statins may exert a nephroprotective effect in patients 

with CHD resulting in an improved estimated glomeru-
lar filtration rate or a decreased deterioration in estimat-
ed glomerular filtration rate over time  [101, 138] . Other 
drugs have also been reported to ‘preserve’ renal function 
 [139] . However, it is likely that creatinine is only a mark-
er of risk rather than directly involved in the pathogen-
esis of ARAS. Thus, lowering plasma creatinine levels 
may reflect beneficial actions in other processes (e.g. en-
dothelial function or renal blood flow)  [103] . It follows 
that the role of these agents in ARAS needs to be investi-
gated.

  Conclusions 

 ARAS is probably underdiagnosed despite a substan-
tial prevalence in patients with vascular disease  [1–3, 127, 
140] . ARAS is commonly found by chance during angi-
ography for other reasons  [141] .

  The value of emerging risk factors in predicting ARAS 
is not yet fully determined. Creatinine and CRP seem to 
be the most promising predictors, whereas the evidence 
regarding homocysteine, Lp(a) and fibrinogen is still in-
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adequate. Establishment of a definite role for these risk 
factors could result in better treatment with potential re-
gression or arrest/slowing down of progression of steno-
sis in patients with ARAS. As a result of such a beneficial 
effect, prognosis may improve, and so will other vascular 
risk factors (such as blood pressure and possibly dyslip-
idemia associated with impaired renal function).

  Furthermore, ARAS is often accompanied by vascular 
disease in at least 1 additional arterial bed, namely PAD 
 [142–146] , abdominal aortic disease  [146–149] , carotid 

artery disease  [145, 150–152]  and/or CHD  [2, 114, 116, 
152, 153] . This was recently verified in a cohort of patients 
with CHD. The frequency of ARAS increased in propor-
tion with the number of stenotic coronary arteries  [2] ; the 
incidence of ARAS was 10, 15.8 and 18.1% in patients 
with single-vessel, 2-vessel and 3-vessel CHD, respective-
ly  [2] . It derives that treatment of vascular risk factors 
would result in better management of the widespread 
atherosclerotic disease in this high-risk population.
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