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Association Between High Serum Ferritin Levels and
Carotid Atherosclerosis in the Study of Health in
Pomerania (SHIP)
Birger Wolff, MD; Henry Völzke, MD; Jan Lüdemann, PhD; Daniel Robinson, MD;
Dirk Vogelgesang, MD; Alexander Staudt, MD; Christof Kessler, MD; Johannes B. Dahm, MD;
Ulrich John, PhD; Stephan B. Felix, MD
Background and Purpose—Several studies have provided evidence for a relationship between body iron load and
cardiovascular disease. We analyzed the association of serum ferritin levels with carotid atherosclerosis.
Methods—We assessed intima-media thickness and plaque prevalence in the carotid arteries by high-resolution ultrasound
among 2443 participants (1200 women; age, 45 to 79 years) in the Study of Health in Pomerania (SHIP), a
population-based study in northeast Germany.
Results—In multivariate analysis, serum ferritin levels were not independently associated with carotid intima-media
thickness among women or men. In contrast, the relationship between serum ferritin levels and carotid plaque prevalence
was significant among men (odds ratio per 1-SD increase of serum ferritin levels, 1.33; 95% confidence interval, 1.08
to 1.44) yet not among women (odds ratio, 1.29; 95% confidence interval, 0.98 to 1.75). However, both men and women
showed a dose-response relation between serum ferritin levels and carotid atherosclerosis in which higher serum ferritin
levels were associated with greater odds ratios for carotid plaque prevalence. Additionally, there was an interaction of
serum ferritin levels with low-density lipoprotein (LDL) cholesterol (P⫽0.039) among men in which the association of
serum ferritin levels with carotid plaque prevalence became stronger with increasing LDL cholesterol levels.
Conclusions—Our study identified a relationship between serum ferritin levels and carotid atherosclerosis that was
potentiated by LDL cholesterol. This relationship adds support to the hypothesis of a link between iron and
cardiovascular disease. (Stroke. 2004;35:453-457.)
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A

putative role of iron as a contributor to the development
of atherosclerosis has been discussed and is assumed to
account in part for the sex differences seen in cardiovascular
disease.1 The proatherogenic properties of iron are supposed
to rely on its ability to generate reactive oxygen species, to
oxidize lipoproteins,2,3 and to activate platelets.4 This hypothesis is in agreement with several epidemiological studies that
observed an association between measures of body iron stores
and myocardial infarction,5,6 as well as with progression of
carotid atherosclerosis.7 Further support comes from animal
studies in which increased body iron load was related to
enhanced progression of atherosclerosis8,9 and from clinical
investigations that observed a relationship between iron and
endothelial dysfunction in humans.10,11
However, although seemingly well substantiated and biochemically appealing, the association of iron with cardiovascular
disease is currently under debate and subject to ongoing controversy. A number of epidemiological studies either produced

equivocal results12 or found no association of different markers
of body iron load with surrogate measures of atherosclerosis13 or
coronary risk.14 Similarly, a study in a large number of blooddonating health professionals15 and a meta-analysis that reviewed 12 prospective studies16 both failed to provide convincing evidence for such a relationship. Additionally, 1 animal
study even reported atheroprotective effects of iron, describing
diminished atherosclerosis in iron-overloaded apolipoprotein
E– deficient mice.17 We consequently undertook to further investigate the hypothesis of a link between iron and cardiovascular disease by analyzing the association of serum ferritin levels
as a measure of body iron stores with carotid intima-media
thickness (IMT) and plaque prevalence among participants of
the Study of Health in Pomerania (SHIP), an epidemiological
survey in northeast Germany.

Methods
SHIP is a cross-sectional survey in West Pomerania in northeast
Germany. The design of the study has been described previously.18
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The study was approved by the ethics committee of the University of
Greifswald, and all participants gave informed written consent. A
random sample from the population 20 to 79 years of age was drawn,
and 4310 subjects participated (68.8% of eligible subjects). Ultrasound measurements were performed in subjects ⱖ45 years of age.
Study participants with known malignancies (n⫽42) and a history of
chronic liver disease (n⫽28) were excluded. This resulted in a final
sample of 2443 participants (1200 women, 1243 men) for analysis.
Sociodemographic characteristics and medical histories were assessed by computer-aided interviews. Hypertension was defined as a
systolic blood pressure (BP) of ⱖ140 mm Hg, a diastolic BP of
ⱖ90 mm Hg, or self-reported use of antihypertensive medication. As
for smoking status, study participants were classified as nonsmokers
or current smokers. Alcohol consumption was quantified in grams
per day. Diabetes was defined as self-reported physician diagnosis of
diabetes or serum HbA1C of ⬎7.0%. Information concerning menopause was obtained from the interview. Height and weight were
measured for calculation of body mass index [BMI⫽weight (kg)/
height2 (m2)]. Nonfasting blood samples were taken and analyzed in
a central laboratory. Serum ferritin levels were determined by an
immunoturbidimetric assay (Cobas Micra Plus, F. Hoffmann-La
Roche Ltd). Serum low-density lipoprotein (LDL) cholesterol and
high-density lipoprotein (HDL) cholesterol were precipitated and
measured photometrically (Boehringer). HbA1C was determined by
high-performance liquid chromatography (Bio-Rad Diamat).

TABLE 1.

Clinical Characteristics of Study Subjects
Women
(n⫽1200)

Age, y

61⫾10

62⫾9

Systolic BP, mm Hg

140⫾21

149⫾20‡

Diastolic BP, mm Hg

84⫾10

88⫾12‡

Hypertension, %

49.8

68.5‡

Current smoking, %

25.9

31.9‡

Alcohol intake, g/d

8.9⫾12.9

31.2⫾32.1‡

12.8

14.9

Diabetes, %
HbA1C, %
BMI, kg/m2

The ultrasound protocol has been described previously.19 In brief,
certified medical assistants examined the extracranial carotid arteries
bilaterally with B-mode ultrasound using a 5-MHz linear-array
transducer and a high-resolution instrument (Diasonics VST Gateway). Both the near and far walls of the common carotid, the internal
carotid, and the carotid bifurcations on both sides were evaluated
online for the presence of atherosclerotic plaques. Each vessel
segment was visualized in multiple longitudinal and transversal
planes. Atherosclerotic plaques (yes/no) were defined by the following criteria: (1) focal widening relative to adjacent segments (as
evidenced by protrusion into the lumen and/or localized roughness
with increased echogenicity) and (2) an area of focal increased
thickness (ⱖ1.3 mm) of the intima-media layer. Plaque prevalence
was defined as the presence of ⱖ1 plaques. For measurement of
IMT, scans through the axis of the distal straight portion (1 cm in
length) of both common carotid arteries were digitized and recorded
for subsequent offline analysis. Certified readers calculated the mean
far-wall IMT by averaging the 10 consecutive measurement points
(in 1-mm steps) from both sides. IMT was defined as the distance
between the characteristic echoes from the lumen-intima and mediaadventitia interfaces. Reproducibility studies for IMT measurements
have been performed between paired measurements of sonographers
and readers. All measurements of intrareader, intrasonographer,
interreader, and intersonographer variations revealed coefficients of
variation of ⬍2.6%, Spearman correlation coefficients of ⬎0.90, and
differences in mean IMT (2 SD) of ⬍1.0% (⬍10.0%).

Statistical Analysis
Continuous variables were compared between groups by Student’s t
test; categorical variables, by 2 test. The relationship between serum
ferritin levels and IMT was analyzed in several multivariate models
with IMT as the dependent variable and serum ferritin levels as the
independent variable. In a first step, IMT and serum ferritin levels
were both entered as continuous variables into a multiple linear
regression model. In a second step, IMT values in increasing
sex-specific ferritin quartiles were compared by general linear model
analysis of variance. Odds ratios (ORs) and 95% confidence intervals (CIs) for plaque prevalence were estimated in several binary
logistic regression models into which, in a first step, serum ferritin
levels were entered as a continuous variable. In further steps, ORs
were compared between quartile and octile groups of serum ferritin
levels. Adjustments were made for age, systolic BP, diabetes,
smoking status, BMI, alcohol consumption, and LDL cholesterol.
Furthermore, the interaction between serum ferritin and LDL cho-

5.7⫾1.0

5.8⫾0.9

28.3⫾5.4

28.4⫾4.1

LDL cholesterol, mmol/L

3.9⫾1.1

3.7⫾1.2‡

HDL cholesterol, mmol/L

1.6⫾0.5

1.3⫾0.4‡

Premenopausal

50.9⫾43.9

160⫾162‡

Postmenopausal

89.7⫾90.8

Ferritin, g/L

Premenopausal, %

19.7

IMT (age-adjusted), mm

Ultrasound Measurements

Men
(n⫽1243)

0.76⫾0.01

䡠䡠䡠
0.83⫾0.01‡

63.5

75.7‡

Carotid plaque, %

Continuous variables are mean⫾SD. Probability values are for comparison
between sexes.
*P⬍0.05; †P⬍0.01; ‡P⬍0.001.

lesterol was tested by a sequence of backward and forward stepwise
regression analyses. The decision to maintain the interaction was
made by use of the likelihood ratio. The model fit was measured by
the adjusted R2. A value of P⬍0.05 was considered statistically
significant. Analyses were performed with SPSS software version
11.0 (SPSS Inc).

Results
Clinical Characteristics
The clinical characteristics of all study participants included
in this analysis are outlined in Table 1. Compared with
women, men had higher BP values and, accordingly, a higher
proportion of hypertensives. Moreover, they were more likely
to be smokers, consumed more alcohol, and had lower LDL
and HDL cholesterol levels.

Serum Ferritin Levels and IMT
In multiple linear regression models, there was no independent association between serum ferritin levels and IMT
among women or men or in the whole study population.
Similarly, if the study population was separated into sexspecific ferritin quartiles, neither age-adjusted nor fully adjusted IMT values differed between those groups (Table 2).
Independent correlates of IMT in our sample were age, sex,
systolic BP, diabetes, current smoking, alcohol consumption,
and LDL cholesterol.

Serum Ferritin Levels and Prevalence of
Atherosclerotic Plaques
Women with and without carotid plaques had serum ferritin
levels of 90.8⫾104.6 and 67.3⫾59.8 g/L (P⬍0.001), respectively. Men with and without plaques had serum ferritin
levels of 163⫾170 and 147⫾159 g/L (P⫽0.317), respec-
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TABLE 2. Adjusted Plaque Prevalence Odds in Women and Men According to Quartiles of
Serum Ferritin Levels
Women

Men
Quartiles of Serum Ferritin Levels, g/L

1
⬍38

2
38 – 65

3
66 –101

4
⬎102

1
⬍69

2
69 –118

3
119 –189

4
⬎189

IMT
(age-adjusted), mm

0.75

0.74

0.76

0.77

0.84

0.85

0.82

0.83

IMT
(multivariate), mm

0.75

0.75

0.76

0.76

0.84

0.84

0.82

0.83

OR for plaques
(age-adjusted)

1.00

0.71

1.02

1.14

1.00

1.22

1.08

1.21

䡠䡠䡠
1.00

0.47–1.06

0.84–1.24

1.00–1.31*

0.82–1.81

0.89–1.32

1.05–1.38†

0.68

1.00

1.09

䡠䡠䡠
1.00

1.27

1.09

1.20

95% CI
OR for Plaques
(multivariate)
95% CI

䡠 䡠 䡠 0.45–1.04 0.82–1.22 0.95–1.25
䡠 䡠 䡠 0.82–1.97 0.89–1.35 1.04–1.39*
OR’s and 95% CI’s are derived from binary logistic regression models for comparison with the first quartile.
Multivariate adjustments are made for age, systolic BP, smoking status, alcohol consumption, diabetes, BMI, and LDL
cholesterol.
*P⬍0.05; †P⬍0.01.

tively. In a first step, the relationship between plaque prevalence and serum ferritin levels as a continuous variable was
assessed. As shown in Table 3, serum ferritin levels were
significantly associated with plaque prevalence among men,
whereas this association failed to attain significance
(P⫽0.120) among women. In a second step, ORs for plaque
prevalence in ferritin quartiles were examined. Table 2 shows
that men in the fourth quartile had increased ORs for plaque
prevalence compared with those in the first quartile. No such
pattern was observed among women. In a third step, we
examined whether the link between iron and carotid atherosclerosis becomes more apparent with higher serum ferritin
levels. For this purpose, the study sample was further divided
into sex-specific ferritin octiles. Figure 1 indicates the presence of a dose-response relation between serum ferritin levels
and carotid plaque prevalence in which ORs for carotid
plaque prevalence became greater with increasing serum

ferritin levels. This association was similar for women and
men. The results for the female subsample were altered only
minimally if the analysis was restricted to postmenopausal
women (data not shown). Further independent correlates of
plaque prevalence in our sample are shown in Table 3.
Because iron has been shown to promote the formation of
oxidized LDL cholesterol in vitro,2,3 we tested for interactions
between LDL cholesterol and serum ferritin levels in our
sample. No such pattern was observed among women.
Among men, however, a significant interaction between LDL
cholesterol and serum ferritin levels (P⫽0.039) was found in
which the magnitude of the relationship between serum
ferritin levels and carotid plaques became greater with increasing LDL cholesterol levels (Figure 2).

TABLE 3. Association of Carotid Plaques With Selected
Cardiovascular Risk Factors
Women

Ferritin, per 1-SD increase

Men

OR

95% CI

OR

95% CI

1.29

0.98–1.75

1.33

1.08–1.44†
1.65–1.99‡

Age, per 1-SD increase

1.88

1.71–2.04‡

1.85

Systolic BP, per 1-SD increase

1.19

1.08–1.35†

1.28

1.11–1.49‡

Diabetes, y/n

1.47

1.05–2.59*

2.04

1.27–3.55†

BMI, per 1-SD increase

1.37

1.20–1.58‡

1.07

0.98–1.22

Current smoking, y/n

1.17

1.02–1.66*

1.40

1.15–2.75†

LDL, per 1-SD increase

1.09

0.96–1.34

1.08

0.96–1.23

Alcohol, per 1-SD increase

0.92

0.81–1.19

1.09

0.79–1.45

OR’s and 95% CI’s are derived from binary logistic regression models that
included all of the following: age, systolic BP, diabetes, BMI, smoking status,
alcohol consumption, LDL cholesterol, and serum ferritin levels.
*P⬍0.05; †P⬍0.01; ‡P⬍0.001.

Figure 1. Association between serum ferritin levels and multivariate OR for carotid plaques according to octile groups of serum
ferritin levels. Fourth octile group represents average serum ferritin levels and served as reference group. For each octile
group, percentage proportion of postmenopausal women is
given. *P⬍0.05; †P⬍0.01; ‡P⬍0.001.
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Figure 2. Synergistic relationship of
serum ferritin levels with LDL cholesterol
as to association with carotid plaques
among men. Graphs demonstrate OR for
plaque prevalence across increasing
quartiles of LDL cholesterol for serum
ferritin levels ranging from 118 (50th percentile) to 498 (95th percentile) g/L.

Discussion
In this study, we investigated the relationship between serum ferritin
levels and carotid atherosclerosis in a general population sample that
represents both sexes and a broad age range. Men and, although less
pronounced, women with higher serum ferritin levels showed
increased OR for carotid plaque prevalence. Among men, this
association was potentiated by an interaction between serum ferritin
levels and LDL cholesterol. These 2 parameters showed a synergistic relationship in which the magnitude of the association between serum ferritin levels and carotid atherosclerosis became
greater with higher LDL cholesterol levels. Among women, increasing serum ferritin levels and, hence, increasing ORs for plaque
prevalence were paralleled by a rise in the proportion of postmenopausal women. This is in agreement with the hypothesis that iron
depletion through menstrual bleeding might act atheroprotectively
among women. This hypothesis gained support from the Bruneck
study7 in which women with the greatest degree of postmenopausal
iron accumulation demonstrated the highest incidence of carotid
atherosclerosis.
Because the relationship between carotid atherosclerosis and
coronary heart disease20,21 and stroke22 is clearly established, our
results are consistent with findings from previous studies. In the
Kuopio study, serum ferritin levels were found to be one of the
strongest risk factors for acute myocardial infarction among
Finnish men.5 Similar findings were reported from a Canadian
study that observed an increased risk of myocardial infarction
among subjects in the highest serum iron category23 and from
the Bruneck study7 in which serum ferritin levels were closely
related to incident carotid atherosclerosis and the progression of
preexisting atherosclerotic lesions.
In contrast, a prospective investigation by Ascherio et al,15
which enrolled ⬎38 000 blood-donating health professionals,
produced no evidence for a relationship between the frequency
of blood donations, serum ferritin levels, and risk of myocardial
infarction. However, blood donors mostly have low to normal
body iron stores, and although this investigation observed no
beneficial effect of iron lowering, it might have missed an
impact of excess iron stores on incident myocardial infarction. In

another study, investigators found no evidence that iron deficiency is related to decreased incidence of myocardial infarction.24 However, findings raised for iron deficiency do not
exclude the possibility that high or even excess body iron stores
exert some proatherogenic effect.
It remains to be determined how the relationship between
iron and carotid atherosclerosis is mediated. However, we
observed a synergistic interaction between serum ferritin
levels and LDL cholesterol as to their relationship with
carotid atherosclerosis. It is therefore reasonable to speculate
that some interference of iron with lipid metabolism might be
involved. Similar interactions have been described in the
Kuopio study5 and the Bruneck study,7 and the capability of
iron to contribute to the generation of free oxygen radicals
and to LDL oxidation as observed in several in vitro experiments2,3 lends biological plausibility to such an interaction.
In our study, we established no association of serum
ferritin levels with carotid IMT. However, although plaque
formation and intima-media thickening are essential components of atherogenesis, they are pathologically distinct processes that act independently of each other.25 Although
intima-media thickening is predominated by smooth muscle
cell proliferation and lipid deposition, plaque formation and
growth rely more on factors that promote platelet aggregation, hypercoagulability, and attenuated fibrinolysis.26 One
might thus speculate that iron is more involved in the
progression of preexisting wall thickening, eg, the development from fatty streaks to manifest atherosclerotic lesions.
An association of serum ferritin levels with intima-media
thickening was also not observed in the Atherosclerosis Risk
in Communities study.13 However, a relationship with plaque
prevalence was not assessed in this study. Another investigation that reported an association of serum ferritin levels with
carotid plaque prevalence, albeit only among women, is the
Perth Carotid Ultrasound Disease Study.27 However, the
same investigation did not show a correlation of serum
ferritin levels with carotid IMT. Only 1 recent study disclosed
a relationship between serum ferritin levels and carotid IMT
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yet enrolled only a small sample of subjects with end-stage
renal disease.28 This condition may have substantially contributed to the positive finding and therefore does not allow
extrapolation of these results to the general population.
Several limitations of the present study merit discussion.
The present data are derived from a cross-sectional study that
did not allow us to assess the time course of the relationship
between serum ferritin levels and carotid atherosclerosis.
Serum ferritin levels can vary over time, which may be of
significance for the female subsample of our study, which
included both premenopausal and postmenopausal women.
The prevalence of carotid plaques in our sample was
comparatively high. However, our definition of atherosclerotic plaques constitutes an a priori definition and was not
guided by the distribution of the data. Moreover, the pattern
of independent risk factors for plaque prevalence strongly
resembles the one that is usually found for other atherosclerotic end points. This argues in favor of our plaque prevalence
as a valid marker for general atherosclerosis.
The relationship between serum ferritin levels and carotid
atherosclerosis might have been confounded by inflammation
and mild liver disease, especially among subjects with metabolic syndrome and diabetes, conditions that are strong
correlates of atherosclerosis. Although we excluded subjects
with malignancies and manifest liver disease, residual confounding by such factors cannot be ruled out.
Finally, for practical reasons, we could analyze only nonfasting blood-samples. The mostly elderly study participants were
nonfasting because of the long travel times in the large rural area
from which the sample was recruited and because of the duration
of the cumulative examinations (4 to 6 hours in total).
In summary, we observed an independent relationship
between serum ferritin levels and carotid atherosclerosis.
Among men, this relationship appeared to be strengthened by
a synergistic association between ferritin and LDL cholesterol that could suggest a proatherogenic interference of iron
with lipid metabolism. Our findings are in agreement with
previous results and hence supply further support to the
hypothesis that iron is linked to cardiovascular disease.

Acknowledgments
SHIP is part of the Community Medicine Net (http://www.medizin.uni-greifswald.de/cm) of the University of Greifswald, which is
funded by grants from the German Federal Ministry of Education
and Research (BMBF, grant 01ZZ96030); the Ministry for Education, Research, and Cultural Affairs; and the Ministry for Social
Affairs of the Federal State of Mecklenburg–West Pomerania. The
contributions to data collection made by field workers, study
physicians, ultrasound technicians, interviewers, and computer assistants are gratefully acknowledged.

References
1. Sullivan JL. Iron and the difference in heart disease risk. Lancet. 1981;
1:1293–1294.
2. Yuan XM, Brunk UT, Olsson AG. Effects of iron- and hemoglobinloaded human monocyte-derived macrophages on oxidation and uptake of
LDL. Arterioscler Thromb Vasc Biol. 1995;15:1345–1351.
3. Lamb DJ, Leake DS. Iron released from transferrin at acidic pH can catalyse
the oxidation of low density lipoprotein. FEBS Lett. 1994;352:15–18.
4. Pratico D, Pasin M, Barry OP, Ghiselli A, Sabatino G, Iuliano L,
FitzGerald GA, Violi F. Iron-dependent human platelet activation and

High Serum Ferritin and Carotid Atherosclerosis

5.

6.

7.

8.

9.
10.

11.

12.

13.

14.
15.
16.
17.
18.

19.

20.

21.

22.

23.
24.
25.
26.

27.

28.

457

hydroxyl radical formation: involvement of protein kinase C. Circulation.
1999;99:3118 –3124.
Salonen JT, Nyyssonen K, Korpela H, Tuomilehto J, Seppanen R, Salonen R.
High stored iron levels are associated with excess risk of myocardial
infarction in eastern Finnish men. Circulation. 1992;86:803–811.
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.
Kiechl S, Willeit J, Egger G, Poewe W, Oberhollenzer F. Body iron stores
and the risk of carotid atherosclerosis: prospective results from the
Bruneck study. Circulation. 1997;96:3300 –3307.
Araujo JA, Romano EL, Brito BE, Parthe V, Romano M, Bracho M,
Montano RF, Cardier J. Iron overload augments the development of
atherosclerotic lesions in rabbits. Arterioscler Thromb Vasc Biol. 1995;
15:1172–1180.
Lee TS, Shiao MS, Pan CC, Chau LY. Iron-deficient diet reduces atherosclerotic
lesions in apoE-deficient mice. Circulation. 1999;99:1222–1229.
Duffy SJ, Biegelsen ES, Holbrook M, Russel JD, Gokce N, Keaney JF,
Vita JA. Iron chelation improves endothelial function in patients with
coronary artery disease. Circulation. 2001;103:2799 –2804.
Gaenzer H, Marschang P, Sturm W, Neumayr G, Vogel W, Patsch J,
Weiss G. Association between increased iron stores and impaired endothelial function in patients with hereditary hemochromatosis. J Am Coll
Cardiol. 2002;40:2189 –2194.
Gillum RF, Sempos CT, Makuc DM, Looker AC, Chien CY, Ingram DD.
Serum transferrin saturation, stroke incidence, and mortality in women and
men: the NHANES I Epidemiologic Follow-up Study: National Health and
Nutrition Examination Survey. Am J Epidemiol. 1996;144:59–68.
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.
Sempos CT, Looker AC, Gillum RF, Makuc DM. Body iron stores and
the risk of coronary heart disease. N Engl J Med. 1994;330:1119 –1124.
Ascherio A, Rimm EB, Giovannucci E, Willett WC, Stampfer MJ. Blood
donations and the risk of coronary heart disease. Circulation. 2001;103:52–57.
Danesh J, Appleby P. Coronary heart disease and iron status. Circulation.
1999;99:852– 854.
Kirk EA, Heinecke JW, LeBoeuf RC. Iron overload diminishes atherosclerosis in apoE-deficient mice. J Clin Invest. 2001;107:1545–1553.
John U, Greiner B, Hensel E, Ludemann J, Piek M, Sauer S, Adam C,
Born G, Alte D, Greiser E, et al. Study of Health in Pomerania (SHIP):
a health examination survey in an east German region: objectives and
design. Soz Praventivmed. 2001;46:186 –194.
Luedemann J, Schminke U, Berger K, Piek M, Willich SN, Doring A,
John U, Kessler C. Association between behavior-dependent cardiovascular risk factors and asymptomatic carotid atherosclerosis in a general
population. Stroke. 2002;33:2929 –2935.
Craven TE, Ryu JE, Espeland MA, Kahl FR, McKinney WM, Toole JF,
McMahan MR, Thompson CJ, Heiss G, Crouse JR. Evaluation of the
associations between carotid artery atherosclerosis and coronary artery
stenosis: a case-control study. Circulation. 1990;82:1230 –1242.
Kallikazaros I, Tsioufis C, Sideris S, Stefanadis C, Toutouzas P. Carotid artery
disease as a marker for the presence of severe coronary artery disease in patients
evaluated for chest pain. Circulation. 1999;30:1002–1007.
Gronholdt ML, Nordestgaard BG, Schroeder TV, Vorstrup S, Sillesen H.
Ultrasonic echolucent carotid plaques predict future strokes. Circulation.
2001;104:68 –73.
Morrison HI, Semenciw RM, Mao Y, Wigle DT. Serum iron and risk of
fatal acute myocardial infarction. Epidemiology. 1994;5:243–246.
Baer DM, Tekawa IS, Hurley LB. Iron stores are not associated with
acute myocardial infarction. Circulation. 1994;89:2915–2918.
Ross R, Glomset JA. The pathogenesis of atherosclerosis. N Engl J Med.
1976;295:369 –377.
Willeit J, Kiechl S, Oberhollenzer F, Rungger G, Egger G, Bonora E,
Mitterer M, Muggeo M. Distinct risk profiles of early and advanced
atherosclerosis. Arterioscler Thromb Vasc Biol. 2000;20:529 –537.
Rossi E, McQuillan BM, Hung J, Thompson PL, Kuek C, Beilby JP.
Serum ferritin and C282Y mutation of the hemochromatosis gene as
predictors of asymptomatic carotid atherosclerosis in a community population. Stroke. 2000;31:3015–3020.
Drueke T, Witko-Sarsat V, Massy Z, Descamps-Latscha B, Guerin AP,
Marchais SJ, Gausson V, London GM. Iron therapy, advanced oxidation
protein products, and carotid artery intima-media thickness in end-stage
renal disease. Circulation. 2002;106:2212–2217.

Downloaded from http://stroke.ahajournals.org/ by guest on March 11, 2012

