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The ability of iron to cycle reversibly between its ferrous and ferric oxidation states is essential
for the biological functions of iron but may contribute to vascular injury through the generation
of powerful oxidant species. We examined the association between chemical forms of iron that
can participate in redox cycling, often referred to as “catalytic” or “labile” iron, and cardiovascular disease (CVD). In our cross-sectional study of 496 participants, 85 had CVD. Serum
catalytic iron was measured using the bleomycin-detectable iron assay that detects biologically
active iron. The odds of existing CVD for subjects in the upper third of catalytic iron were 10
times that of subjects with lower catalytic iron in unadjusted analyses. The association was
decreased by 1/2 by age adjustment, but little additional attenuation occurred after adjusting for
age, Framingham Risk Score, estimated glomerular filtration rate, hypertension status, highdensity lipoprotein cholesterol, and systolic blood pressure, with the association remaining
strong and significant (odds ratio 3.8, 95% confidence interval 1.4 to 10.1). In conclusion, we
provide preliminary evidence for a strong detrimental association between high serum catalytic
iron and CVD even after adjusting for several co-morbid conditions; however, broader prospective studies are needed to confirm these findings, which would support therapeutic trials to
assess the beneficial effects of iron chelators on CVD. Published by Elsevier Inc. (Am J
Cardiol 2012;109:438 – 442)

Cardiomyopathy is known to occur in several iron overload states1; however, a role for iron in atherosclerotic
cardiovascular disease (CVD) in the absence of iron overload is less clear.2–5 Although several in vitro6 and animal7,8
studies have supported a role for iron in atherosclerosis,
human observational studies have provided inconsistent results.3–5,9 –11 Several factors, including the fact that total
body iron is not reliably related to the level of biologically
active iron,12,13 may have contributed to these inconsistencies.13 In the present study we evaluated groups of patients
with several long-term conditions to assess the association
between serum catalytic iron and CVD after controlling for
various co-morbidities.
Methods
This cross-sectional study was approved by the institutional ethics committees at the participating centers, and
written informed consent was obtained from all study participants. The 568 subjects who agreed to participate included 349 participants from a survey of healthy govern-
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mental workers, 147 patients with chronic kidney disease
(CKD) who attended Muljibhai Patel Urological Hospital,
and 72 patients with angiographically established stable
coronary artery disease who attended cardiology clinics at
Bhaila Amin General Hospital. To adjust for the Framingham 10-year coronary heart disease (CHD) risk score,14
subjects ⬍20 years of age and those ⱖ80 years of age were
excluded. Given the potential impact of hemodialysis on
laboratory values, we excluded 58 patients on hemodialysis,
leaving 496 participants for analyses.
All subjects underwent a detailed clinical evaluation
from July 2007 through June 2008 at the Muljibhai Patel
Urological Hospital, where risk factor profiles and medical
histories including medical diagnoses and tobacco use were
carefully recorded. Body mass index was calculated as
weight (kilograms) divided by height (meters) squared.
With the participant in a seated position ⱖ3 blood pressure
measurements were taken 5 to 10 minutes apart and the
average blood pressure was used in these analyses. Hypertension was defined as blood pressure ⬎140/90 mm Hg,
self-reported diagnosis of hypertension, or use of antihypertensive medications. Diabetes was diagnosed based on
American Diabetes Association criteria or current use of
oral hypoglycemic agents or insulin. Stable coronary artery
disease was defined as patients with angiographically established coronary disease excluding those with effort angina,
unstable angina, and acute myocardial infarction in the
previous 3 months. Electrocardiography was performed in
all participants to evaluate for changes that would suggest
ischemic heart disease. In addition to stable obstructive
coronary artery disease, patients from any site with previous
angina, chronic stable angina, or previous myocardial inwww.ajconline.org
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Table 1
Clinical characteristics overall and for those in upper one-third and lower two-thirds of serum catalytic iron
Serum Catalytic Iron

Age (years)
Men
Systolic blood pressure (mm Hg)
Total cholesterol (mg/dl)
Low-density lipoprotein (mg/dl)
High-density lipoprotein (mg/dl)
Triglycerides (mg/dl)
High-sensitivity C-reactive protein (mg/L)
Serum creatinine (mg/dl)
Ferritin (ng/ml)
Estimated glomerular filtration rate (ml/min/1.73 m2)
Diagnosis
Cardiovascular disease
Chronic kidney disease
Diabetes mellitus
Hypertension
Obesity (body mass index ⱖ30 kg/m2)
Uses tobacco

p Value†

Full Sample
(n ⫽ 496)

Upper 1/3
(n ⫽ 165)*

Lower 2/3
(n ⫽ 331)*

45 ⫾ 12
85%
126 ⫾ 14
197 ⫾ 74
125 ⫾ 63
44.1 ⫾ 10.2
138 ⫾ 80
1.7 (0.7–4.9)
0.9 (0.8–1.0)
50 (30–92)
88.4 ⫾ 31.0

51 ⫾ 13
81%
131 ⫾ 20
195 ⫾ 80
127 ⫾ 97
40.6 ⫾ 13.7
170 ⫾ 81
2.4 (1.0–10.3)
1.0 (0.8–1.7)
61 (38–135)
70.6 ⫾ 34.5

43 ⫾ 11
86%
124 ⫾ 9
199 ⫾ 71
124 ⫾ 38
45.9 ⫾ 7.4
122 ⫾ 75
1.4 (0.6–3.4)
0.9 (0.8–1.0)
44 (26–80)
97.3 ⫾ 24.8

⬍0.0001
0.16
0.0001
0.007
0.003
⬍0.0001
⬍0.0001
⬍0.0001
⬍0.0001
⬍0.0001
⬍0.0001

17%
51%
17%
25%
7.10%
24%

39%
75%
32%
49%
10%
21%

6.00%
38%
9.40%
14%
5.40%
26%

⬍0.0001
⬍0.0001
⬍0.0001
⬍0.0001
0.05
0.21

* Number available except for ferritin, where only 152 and 291 were available for the upper 1/3 versus the lower 2/3, respectively.
†
Wilcoxon rank-sum test for continuous variables and chi-square test for categorical variables indicating differences of characteristics across the upper
1/3 versus the lower 2/3 of catalytic iron.

farction were included as subjects with CVD. CKD was
defined from National Kidney Foundation KDOQI guidelines (2006) based on estimated glomerular filtration rate
(eGFR), proteinuria, and structural damage. For men eGFR
was calculated by the Cockcroft-Gault equation: eGFR ⫽
(140 – age) ⫻ weight (kilograms)/72 ⫻ serum creatinine
(milligrams per deciliter); for women the value was multiplied by 0.85. Framingham Risk Score was defined based on
the National Cholesterol Education Program definition of
10-year CHD risk,14 where any tobacco use was substituted
for smoking.
Participants had blood drawn after fasting for ⱖ12 hours.
Measurements of blood glucose, lipid profiles, serum ferritin, and high-sensitivity C-reactive protein were performed
on a fully automated biochemistry analyzer. Serum creatinine was measured by the Jaffe kinetic reaction with alkaline picric acid using a kit prepared by Erba Diagnostics
Mannheim (Mumbai, India).
Catalytic iron was measured from serum using the bleomycin-detectable iron assay as described previously.15,16
Briefly, the assay uses bleomycin, which binds to and degrades DNA in the presence of labile iron, forming a product that reacts with thiobarbituric acid to form a chromogen.
To avoid external iron contamination, reactions were carried out in disposable polypropylene tubes and all soluble
reagents except bleomycin were treated overnight with
Chelex (Bio-Rad Laboratories India Pvt. Ltd., Mumbai,
India) (300 mg for a 10-mL solution). Intra-assay coefficients of variation for serum bleomycin-detectable iron (catalytic iron) for low (mean 0.04 mol/L), medium (mean
0.57 mol/L), and high (mean 3.15 mol/L) levels of catalytic iron were 8.1%, 8.8%, and 4.0%, respectively,
whereas interassay coefficients of variation were 13.0%,
14.9%, and 10.7%, respectively.

Serum catalytic iron was log-transformed or categorized
into thirds using SAS (SAS Institute, Cary, North Carolina)
quantiles because of markedly skewed distribution. Subjects
in the lowest 2/3 of catalytic iron formed the reference
group because of the very low CVD prevalence in the
lowest third. Boxplots depicted the distribution of serum
catalytic iron on the log scale for the overall sample and for
participants with any and those without all the co-morbid
conditions in the present study (diabetes mellitus, CKD,
CVD, and hypertension). Differences in clinical characteristics for participants in the upper 1/3 versus the lower 2/3
of catalytic iron were tested with chi-square tests (categorical variables) and with Wilcoxon rank-sum tests (continuous variables). Logistic regression models tested associations between serum catalytic iron and CVD. To control for
important clinical characteristics, multivariable models
were developed using purposeful selection17 with a statistical significance criterion of a p value ⱕ0.05 (Wald test for
covariates and deviance test for interactions). Covariates
were tested for confounding and were retained if they produced an ⱖ15% change in the odds ratio (OR) for level of
catalytic iron. Because of marked correlation with major
disease categories and risk factors, center effects could not
be tested in logistic models. Possible interactions between
serum catalytic iron and major clinical characteristics identified initially by Breslow-Day tests of homogeneity were
evaluated by the deviance test in the fully adjusted logistic
model. SAS 9.2 was used in all analyses.
Results
This middle-aged population of mostly men had several
co-morbid conditions (Table 1). Prevalences of CVD for the
highest to lowest thirds of catalytic iron were 39%, 8.6%,
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Figure 1. Boxplots for serum catalytic iron overall and by co-morbidity status (presence of diabetes mellitus, chronic kidney disease, cardiovascular disease,
or hypertension vs absence of these co-morbidities) using a log scale (y axis). First to third quartiles (box heights), medians (horizontal lines within boxes),
quartiles with the smallest (whiskers above boxes) and largest (whiskers below boxes) values within 1.5 times the interquartile range, and outliers (circles)
are depicted.
Table 2
Serum catalytic iron medians and interquartile ranges by patient co-morbidities and age
Catalytic Iron (mol/L)

Median
Interquartile range

Age (years)

CVD

CKD

Diabetes Mellitus

Hypertension

ⱕ62
(n ⫽ 459)

⬎62
(n ⫽ 37)

Yes
(n ⫽ 85)

No
(n ⫽ 411)

Yes
(n ⫽ 251)

No
(n ⫽ 245)

Yes
(n ⫽ 83)

No
(n ⫽ 413)

Yes
(n ⫽ 126)

No
(n ⫽ 370)

0.1
0.10–0.15

0.20*
0.14–0.32

0.21
0.14–0.29

0.10*
0.09–0.13

0.13
0.10–0.25

0.10*
0.08–0.12

0.19
0.11–0.40

0.10*
0.10–0.14

0.2
0.11–0.40

0.10*
0.09–0.13

* All p values are ⬍0.0001 for Wilcoxon rank-sum tests comparing medians for those with and without each characteristic.

and 0.9%. Therefore, to have sufficient events in the reference group, we combined subjects within the middle and
lower thirds of catalytic iron. Several significant detrimental
associations were found for subjects in the upper third of
serum catalytic iron (range 0.14 to 16.7 mol/L) compared
to lower levels (range 0.01 to 0.13 mol/L): they were older
and had higher systolic blood pressure, abnormal lipid levels (lower high-density lipoprotein, higher low-density lipoprotein, and higher triglycerides), higher high-sensitivity
C-reactive protein, higher serum creatinine, higher ferritin,
lower eGFR, and higher prevalences of co-morbidities
(CVD, CKD, diabetes mellitus, hypertension, and obesity;
Table 1). No significant differences in gender or prevalence
of tobacco use were found for level of catalytic iron. However, the limited numbers of women could have prevented
identification of gender differences.
In the overall sample, the median (interquartile range) for
serum catalytic iron was 0.1 mol/L (0.1 to 0.17; Figure 1).
Subjects with ⱖ1 co-morbidity (diabetes, hypertension,
CKD, or CVD) had significantly higher catalytic iron (median 0.13 mol/L, interquartile range 0.1 to 0.24) than

subjects with no co-morbidity (median 0.1 mol/L, interquartile range 0.08 to 0.11, p ⬍0.0001; Figure 1). Median
serum catalytic iron was significantly higher for patients
⬎62 years old compared to younger subjects and for subjects with (compared to those without) CVD, CKD, diabetes
mellitus, and hypertension (Table 2).
In the final analytic sample, the odds of having existing
CVD was 10 times as high for subjects in the upper third of
catalytic iron compared to those in the lower 2/3 in unadjusted analyses (Table 3). Adjusting for age decreased the
OR by ⬎1/2 (OR 4.9, confidence interval 2.5 to 9.3), but the
association remained highly significant (p ⬍0.0001). Additional adjustment for gender had minimal impact on the
association (Table 3). Although the Breslow-Day test for
homogeneity of effects found potential interactions between
levels of catalytic iron and diabetes mellitus, CKD, hypertension, and age category, no significant interaction was
found in fully adjusted logistic regression models. In the
final model that adjusted for age, Framingham Risk Score,
eGFR, hypertension status, high-density lipoprotein cholesterol, and systolic blood pressure, the OR was decreased to
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Table 3
Odds ratios and 95% confidence intervals indicating association for
upper one-third versus lower two-thirds of serum catalytic iron and
existing cardiovascular disease
Model
(n ⫽ 496)

Level of Catalytic
Iron

OR (95% CI)

p Value*

Unadjusted

Upper 1/3
Lower 2/3
Upper 1/3

10.1 (5.8–17.5)
1
4.9 (2.6–9.5)

⬍0.0001

Lower 2/3
Upper 1/3
Lower 2/3

1
3.8 (1.4–10.1)
1

Adjusted for age,
gender
Full model†

⬍0.0001
⬍0.0072

* Wald chi-square test for upper 1/3 versus lower 2/3 for serum catalytic
iron from logistic regression models.
†
Adjusted for age, Framingham 10-year coronary heart disease risk
score, estimated glomerular filtration rate, high-density lipoprotein cholesterol, systolic blood pressure, and hypertension.
CI ⫽ confidence interval.

3.8, but the association remained significant (Table 3). Testing the log-transformed catalytic iron in the logistic models
yielded results that were consistent with those based on
categorical catalytic iron; significant associations with CVD
were found in analyses mirroring those listed in Table 3.
After adjustment for age, Framingham Risk Score, eGFR,
hypertension status, high-density lipoprotein cholesterol,
and systolic blood pressure, the OR was 1.8 (95% confidence interval 1.4 to 2.2, p ⬍0.0001) for each unit increase.
However, the association was nonlinear because the addition of the squared term was significant in analyses. Therefore, we focused on the results based on categorical catalytic
iron.
Discussion
In this study we report a direct association between
serum catalytic iron and prevalent CVD after controlling for
multiple known risk factors for atherosclerosis. Several of
these risk factors were associated with serum catalytic iron
in bivariate analyses. However, we acknowledge several
study limitations. We used a convenience sample including
17% with stable CHD for this cross-sectional exploratory
analysis. To understand the direction of the association
between catalytic iron and CVD in the general population
would require additional prospective studies. Another potential issue for our study and other studies is that a single
measurement of catalytic iron is unlikely to reflect the
overall long-term exposure to reactive catalytic iron.13 This
may have resulted in the lack of a detrimental association in
1 study of incident CHD.5 Furthermore, because of the
small sample, we were unable to explore completely several
potential interactions that suggested that catalytic iron associations might vary depending on the presence or absence
of some diseases and possibly by age. Although associations with various types of CVD are of interest, our participants with CVD were almost exclusively patient with stable CHD, preventing evaluation of other categories of
vascular disease. In addition, the Framingham 10-year CHD
risk score is known to be suboptimal for representing CHD
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risk in patients with CKD. Nonetheless, one of the striking
findings was that the unadjusted odds of having existing
CVD for subjects in the upper third of serum catalytic iron
was 10 times that for subjects with lower levels. Even after
adjustments for important clinical characteristics, the OR
remained high and significant at 3.8. This is in keeping with
previous studies that demonstrated the presence of iron in
human atherosclerotic plaques18 –20 and with the association
of catalytic iron with acute coronary syndrome.16
A direct association between increased iron stores and
atherosclerotic CVD is still controversial.3 As reviewed, the
iron-heart hypothesis was first postulated by Sullivan21 in
the early 1980s. He suggested that the lower incidence of
CHD in premenopausal women compared to men of the
same age is attributable to lower body iron stores caused by
regular blood loss. However, epidemiologic studies assessing serum ferritin or its change as an indicator of iron stores
have provided conflicting results, with some studies reporting a positive association with atherosclerotic disease or its
progression11,22–24 and others, including a meta-analysis of
incident CHD, reporting no association.2,25–27 Some inconsistencies may have resulted because the iron in ferritin is
bound, and only free or loosely bound iron participates in
redox reactions15 that produce free radicals in biological
samples. It is important that total body iron is not consistently related to the level of biologically active iron12,13 and
that many studies evaluating ferritin may not have accounted completely for confounding by inflammation.22–27
Demonstration that removal of catalytic iron results in
clinical benefit would provide evidence for the role of catalytic iron in CVD. It should be noted that the first randomized multicenter trial (Iron [Fe] and Atherosclerosis Study
[FeAST]) reported no significant benefit in all-cause mortality or nonfatal myocardial infarction in patients who
underwent a decrease in iron stores by phlebotomy.28 Sullivan29 argued that, among other reasons, the FeAST trial
may have failed because the study design did not achieve
full iron depletion. Nevertheless, in our opinion, the study
results were not surprising because iron status does not
reflect the iron available to catalyze free-radical reactions as
we previously reported in an animal study.12 An iron-deficient diet resulted in low total body iron but had no effect on
catalytic iron in the kidney cortex after ischemia-reperfusion injury. Thus, iron status per se may not dictate susceptibility to injury but rather iron that is catalytically available
to participate in free radical reactions. Iron may contribute
to atherosclerosis by affecting several biological processes
relevant to atherosclerosis6,20,30 and by impairing vascular
function.30 Therapeutic trials would provide additional evidence for a cause– effect relation between catalytic iron and
CVD.
Acknowledgment: The authors thank Cindy Reid, BA for
technical editing assistance.
1. Gujja P, Rosing DR, Tripodi DJ, Shizukuda Y. Iron overload cardiomyopathy: better understanding of an increasing disorder. J Am Coll
Cardiol 2010;56:1001–1012.
2. Danesh J, Appleby P. Coronary heart disease and iron status: metaanalyses of prospective studies. Circulation 1999;99:852– 854.

442

The American Journal of Cardiology (www.ajconline.org)

3. Sempos CT. Do body iron stores increase the risk of developing
coronary heart disease? Am J Clin Nutr 2002;76:501–503.
4. de Valk B, Marx JJ. Iron, atherosclerosis, and ischemic heart disease.
Arch Intern Med 1999;159:1542–1548.
5. van der A DL, Marx JJM, Grobbee DE, Kamphuis MH, Georgiou NA,
van Kats-Renaud JH, Breuer W, Cabantchik ZI, Roest M, Voorbij
HAM, van der Schouw YT, van der Schouw YT. Non-transferrinbound iron and risk of coronary heart disease in postmenopausal
women. Circulation 2006;113:1942–1949.
6. Kartikasari AE, Visseren FL, Marx JJ, van Mullekom S, Kats-Renaud
JH, Asbeck BS, Ulfman LH, Georgiou NA. Intracellular labile iron
promotes firm adhesion of human monocytes to endothelium under
flow and transendothelial migration: iron and monocyte– endothelial
cell interactions. Atherosclerosis 2009;205:369 –375.
7. Zhang W-J, Wei H, Frei B. The iron chelator, desferrioxamine, reduces inflammation and atherosclerotic lesion development in experimental mice. Exp Biol Med 2010;235:633– 641.
8. Day SM, Duquaine D, Mundada LV, Menon RG, Khan BV, Rajagopalan S, Fay WP. Chronic iron administration increases vascular oxidative stress and accelerates arterial thrombosis. Circulation 2003;
107:2601–2606.
9. Knuiman MW, Divitini ML, Olynyk JK, Cullen DJ, Bartholomew HC.
Serum ferritin and cardiovascular disease: A 17-year follow-up study
in Busselton, Western Australia. Am J Epidemiol 2003;158:144 –149.
10. van der A DL, Grobbee DE, Roest M, Marx JJM, Voorbij HA, van der
Schouw YT, van der Schouw YT. Serum ferritin is a risk factor for
stroke in postmenopausal women. Stroke 2005;36:1637–1641.
11. Wolff B, Völzke H, Lüdemann J, Robinson D, Vogelgesang D, Staudt
A, Kessler C, Dahm JB, John U, Felix SB. Association between high
serum ferritin levels and carotid atherosclerosis in the Study of Health
in Pomerania (SHIP). Stroke 2004;35:453– 457.
12. Baliga R, Ueda N, Shah SV. Increase in bleomycin-detectable iron in
ischaemia/reperfusion injury to rat kidneys. Biochem J 1993;291:901–
905.
13. Lee DH, Jacobs DR, Jr. Serum markers of stored body iron are not
appropriate markers of health effects of iron: a focus on serum ferritin.
Med Hypotheses 2004;62:442– 445.
14. Expert Panel on Detection Evaluation and Treatment of High Blood
Cholesterol in Adults. Executive summary of the Third Report of the
National Cholesterol Education Program (NCEP) Expert Panel on
Detection, Evaluation, and Treatment of High Blood Cholesterol in
Adults (Adult Treatment Panel III). JAMA 2001;285:2486 –2497.
15. Halliwell B, Gutteridge JM. Role of free radicals and catalytic
metal ions in human disease: an overview. Methods Enzymol 1990;
186:1– 85.
16. Lele S, Shah S, McCullough PA, Rajapurkar M. Serum catalytic iron
as a novel biomarker of vascular injury in acute coronary syndromes.
EuroIntervention 2009;5:336 –342.

17. Lemeshow S, Hosmer DW Jr. A review of goodness of fit statistics for
use in the development of logistic regression models. Am J Epidemiol
1982;115:92–106.
18. Stadler N, Lindner RA, Davies MJ. Direct detection and quantification
of transition metal ions in human atherosclerotic plaques: Evidence for
the presence of elevated levels of iron and copper. Arterioscler
Thromb Vasc Biol 2004;24:949 –954.
19. Lapenna D, Pierdomenico SD, Ciofani G, Ucchino S, Neri M, Giamberardino MA, Cuccurullo F. Association of body iron stores with low
molecular weight iron and oxidant damage of human atherosclerotic
plaques. Free Radic Biol Med 2007;42:492– 498.
20. Nagy E, Eaton JW, Jeney V, Soares MP, Varga Z, Galajda Z, Szentmiklósi J, Méhes G, Csonka T, Smith A, Vercellotti GM, Balla G,
Balla J. Red cells, hemoglobin, heme, iron, and atherogenesis. Arterioscler Thromb Vasc Biol 2010;30:1347–1353.
21. Sullivan JL. Iron and the sex difference in heart disease risk. Lancet
1981;1:1293–1294.
22. Salonen JT, Nyyssönen K, Korpela H, Tuomilehto J, Seppänen R,
Salonen R. High stored iron levels are associated with excess risk of
myocardial infarction in eastern Finnish men. Circulation 1992;86:
803– 811.
23. Kiechl S, Willeit J, Egger G, Poewe W, Oberhollenzer F, Group BS.
Body iron stores and the risk of carotid atherosclerosis. Prospective
results from the Bruneck Study. Circulation 1997;96:3300 –3307.
24. Haidari M, Javadi E, Sanati A, Hajilooi M, Ghanbili J. Association of
increased ferritin with premature coronary stenosis in men. Clin Chem
2001;47:1666 –1672.
25. Magnusson MK, Sigfusson N, Sigvaldason H, Johannesson GM, Magnusson S, Thorgeirsson G. Low iron-binding capacity as a risk factor
for myocardial infarction. Circulation 1994;89:102–108.
26. Moore M, Folsom AR, Barnes RW, Eckfeldt JH. No association
between serum ferritin and asymptomatic carotid atherosclerosis. The
Atherosclerosis Risk in Communities (ARIC) Study. Am J Epidemiol
1995;141:719 –723.
27. Rauramaa R, Väisänen S, Mercuri M, Rankinen T, Penttila I, Bond
MG. Association of risk factors and body iron status to carotid atherosclerosis in middle-aged eastern Finnish men. Eur Heart J 1994;
15:1020 –1027.
28. Zacharski LR, Chow BK, Howes PS, Shamayeva G, Baron JA, Dalman RL, Malenka DJ, Ozaki CK, Lavori PW. Reduction of iron stores
and cardiovascular outcomes in patients with peripheral arterial disease: a randomized controlled trial. JAMA 2007;297:603– 610.
29. Sullivan JL. Iron in arterial plaque: modifiable risk factor for atherosclerosis. Biochim Biophys Acta 2009;1790:718 –723.
30. Sullivan JL. Stored iron and vascular reactivity. Arterioscler Thromb
Vasc Biol 2005;25:1532–1535.

