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ACCUMULATION OF IRON IN EX-
cess of physiologic require-
ments has been implicated
in the risk of several chronic

diseases through increased iron-
catalyzed free radical–mediated oxida-
tive stress.1-8 Common diseases of ag-
ing that have been attributed to this
mechanism include cardiovascular dis-
ease and cancer.1,5,8-14

Sullivan15 formulated the iron-
heart hypothesis of atherosclerotic car-
diovascular disease to explain the age-
related increase in risk of myocardial
infarction (MI) in women following
menopause. Serum ferritin levels aver-
age about 25 ng/mL in children and in
women prior to menopause but in-
crease in concert with increasing MI risk
in women with cessation of menstrual
blood loss.15 Rates of MI increase ear-
lier in men, in whom ferritin levels be-
gin to increase from childhood levels
in the late teens.1,15 Increasing levels of
body iron might be causative, a hypoth-
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Context Accumulation of iron in excess of physiologic requirements has been im-
plicated in risk of cardiovascular disease because of increased iron-catalyzed free radical–
mediated oxidative stress.

Objective To test the hypothesis that reducing body iron stores through phle-
botomy will influence clinical outcomes in a cohort of patients with symptomatic pe-
ripheral arterial disease (PAD).

Design, Setting, and Patients Multicenter, randomized, controlled, single-
blinded clinical trial based on the Iron (Fe) and Atherosclerosis Study (FeAST) (VA Co-
operative Study #410) and conducted between May 1, 1999, and April 30, 2005, within
the Department of Veterans Affairs Cooperative Studies Program and enrolling 1277
patients with symptomatic but stable PAD. Those with conditions likely to cause acute-
phase increase of the ferritin level or with a diagnosis of visceral malignancy within
the preceding 5 years were excluded. Analysis was by intent-to-treat.

Intervention Patients were assigned to a control group (n=641) or to a group un-
dergoing reduction of iron stores by phlebotomy with removal of defined volumes of
blood at 6-month intervals (avoiding iron deficiency) (n=636), stratified by hospital,
age, and baseline smoking status, diagnosis of diabetes mellitus, ratio of high-density
to low-density lipoprotein cholesterol level, and ferritin level.

Main Outcome Measures The primary end point was all-cause mortality; the sec-
ondary end point was death plus nonfatal myocardial infarction and stroke.

Results There were no significant differences between treatment groups for the pri-
mary or secondary study end points. All-cause deaths occurred in 148 patients (23%)
in the control group and in 125 (20%) in the iron-reduction group (hazard ratio (HR),
0.85; 95% confidence interval (CI), 0.67-1.08; P=.17). Death plus nonfatal myocar-
dial infarction and stroke occurred in 205 patients (32%) in the control group and in
180 (28%) in the iron-reduction group (HR, 0.88; 95% CI, 0.72-1.07; P=.20).

Conclusion Reduction of body iron stores in patients with symptomatic PAD did not
significantly decrease all-cause mortality or death plus nonfatal myocardial infarction
and stroke.

Trial Registration clinicaltrials.gov Identifier: NCT00032357
JAMA. 2007;297:603-610 www.jama.com
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esis that can be tested by reducing iron
stores.

Substantial preclinical and clinical lit-
erature supports the contribution of
iron-related oxidative stress to the
pathogenesis of atherosclerotic cardio-
vascular disease.10-14,16,17 However, this
concept remains controversial be-
cause of differences in findings be-
tween clinical studies having variable
experimental design.14,16,17 Nonethe-
less, this hypothesis has continued to
gain support from mechanistic and
clinical studies.18-26 Several studies have
suggested that iron may contribute to
the pathogenesis of atherosclerosis rela-
tively early in its course.11,15,17,19,27-36

We conducted a randomized con-
trolled study of reduction of body
iron stores in patients with peripheral
arterial disease (PAD). Phlebotomy
was the intervention chosen because
reducing iron levels through phle-
botomy ameliorates iron-induced
lipid peroxidation37 and because rou-
tine blood donation, an “over-the-
counter” intervention, has been asso-
ciated with improved health status
and reduced risk of MI.38,39

METHODS
Patients

This study was a multicenter, random-
ized, controlled, single-blinded trial
conducted within the Department of
Veterans Affairs Cooperative Studies
Program and designed to test the hy-
pothesis that reduction in body iron
stores by phlebotomy would influ-
ence clinical outcomes in patients with
symptomatic but stable PAD. Experi-
mental intervention was based on the
Iron (Fe) and Atherosclerosis Study
(FeAST) (VA Cooperative Study #410),
a pilot study that demonstrated the ac-
curacy of a formula for calculating the
amount of blood required to be re-
moved to achieve the desired ferritin re-
duction safely and without causing iron
deficiency.40

Details of methods including partici-
pating site selection; patient entry char-
acteristics; reasons for patient exclu-
sion; informed consent procedures; and
methods of randomization, reduction

of iron stores by phlebotomy with re-
moval of defined volumes of blood at
6-month intervals, single-blinded out-
come assessment, intent-to-treat fol-
low-up procedures, and study admin-
istration have been reported.41 Men and
postmenopausal women with sympto-
matic but stable PAD and an ankle-
brachial blood pressure ratio (ankle/
brachial index) of 0.85 or less on 2
separate occasions were included pro-
vided they were not part of another ex-
perimental protocol and were judged
able to meet protocol requirements. In-
cluded patients were required to have
no bleeding within the past 6 months,
no abnormality of iron metabolism, and
to avoid taking iron supplements and
donating blood during the study. The
protocol was approved by the institu-
tional review boards at each participat-
ing institution and by a national board;
all included patients provided written
informed consent.41

Entry criteria minimized accrual of
patients with acute-phase elevation of
ferritin level; patients with visceral ma-
lignancy within the preceding 5 years
were excluded. Patients older than 21
years with advanced but stable PAD
meeting defined entry criteria were en-
tered over 3.5 years. Participants were
not excluded based on severity or site
of vascular disease in addition to PAD;
medication use; or comorbid condi-
tions including diabetes mellitus (DM),
hypertension, chronic obstructive pul-
monary disease, or degenerative joint
disease (scored on data forms when pa-
tients required treatment). Patients were
required to have a hematocrit greater
than 35% (in the absence of iron defi-
ciency) and a ferritin level less than 400
ng/mL, but there was no predefined
minimum ferritin level.

Demographic, medical, and life-
style information was collected at study
entry by interview and review of
the medical records. Race was self-
reported using standard federal catego-
ries.42 Body mass index was calculated
as weight in kilograms divided by height
in meters squared, based on direct mea-
surement. Smoking was recorded as
ever vs never used inhaled tobacco

products regularly. Alcohol use was re-
corded as the number of drinks usu-
ally consumed per week. For this re-
port, alcohol was assessed as either used
or not used currently. Angina class was
based on the Goldman Scale.43 Patient
recruitment began on May 1, 1999, and
ended on October 31, 2002; follow-up
ended on April 30, 2005 (6-year study
duration).

Randomization, Intervention,
and Outcome Measures

Patients were assigned to control or
iron-reduction groups through com-
puter randomization stratified accord-
ing to participating hospital, age (�60
and �60 years), ferritin level at entry
(calculated based on the rolling mean
of prior entrants), diagnosis of DM,
smoking status, and ratio of high-
density lipoproteincholesterol (HDL-C)
level to low-density lipoprotein cho-
lesterol (LDL-C) level (also calculated
based on the rolling mean of prior
entrants). Randomization was per-
formed using the adaptive allocation
method balanced on the marginal total
of each factor.

For patients in the iron-reduction
group, phlebotomy was scheduled at
6-month intervals so that appropriate
volumes of blood were removed repeat-
edly throughout follow-up to achieve
trough ferritin levels of approximately
25 ng/mL and peak ferritin levels prior
to the next phlebotomy episode of ap-
proximately 60 ng/mL, a range pre-
sumed to be optimal.15,44 Compliance
with intervention was assessed by 2
methods. First, the cumulative percent-
age of the amount of blood calculated
for removal that was actually removed
across all phlebotomy episodes was de-
termined. Second, analysis of the effect
of phlebotomy on the separation of fer-
ritin levels over time between the 2
strategies was calculated. Follow-up
data were obtained at 6-month inter-
vals, at which time patients were inter-
viewed and medical records reviewed
for interim data-sheet entries by an ob-
server blinded to intervention status.
Follow-up began at the time of
randomization.
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The primary end point was all-
cause mortality; the secondary end
point was death plus nonfatal MI and
stroke. Briefly, the diagnosis of nonfa-
tal MI required the presence of defi-
nite biomarkers of MI in addition to
symptoms consistent with acute MI or
electrocardiographic changes consis-
tent with MI or ischemia. The diagno-
sis of nonfatal stroke required evi-
dence of ischemic or hemorrhagic brain
injury manifested by either persistent
impairment of motor ability, loss of vi-
sion in 1 or both eyes, or impairment
of language use or speech production,
each lasting 24 hours or longer; or se-
vere headache associated with loss or
alteration of consciousness, persistent
neurologic signs, and/or neck stiff-
ness (meningismus).

An external data and safety moni-
toring board reviewed all data during
the course of the study. An external end
points adjudication committee blinded
to intervention status adjudicated pri-
mary and secondary study end points.

Statistical Methods

The target sample size was calculated
using the method of Lakatos45,46 for a
comparative time-to-event study based
on the log-rank statistic. Assumptions
included an annual mortality rate of
6.8% in the control group, a 30%
decreased mortality in the iron-
reduction group, a 5% 2-sided signifi-
cance level, and 85% power. After ad-
justing for staggered accrual, lag in
3-month treatment effect, annual rate
of losses to follow-up of 1%, and a 2.5%
rate of noncompliance in year 1 and a
rate of 1% thereafter, the sample size
was calculated to be 1600 for a planned
minimum follow-up of 2.5 years. Al-
though randomization was stratified by
hospital, age, and baseline smoking sta-
tus, DM status, HDL-C/LDL-C ratio,
and ferritin level, we did not incorpo-
rate stratification in the sample-size cal-
culations and instead assumed aver-
age rates across strata. The lower than
expected sample size of 1277 achieved,
extension of the study from 5 to 6 years,
and observed noncompliance rates of
16% in the first year and 3.2% thereaf-

ter (which were higher than ex-
pected) resulted in 68% power to de-
tect a 30% reduction in mortality.

Formal interim analyses for efficacy
were conducted as requested by the data
and safety monitoring board using the
method of Lan and DeMets,47 with an
O’Brien-Fleming–type spending func-
tion48 that adjusted for multiple looks
at the data while preserving a near-
nominal overall significance level.

Data analysis was on an intent-to-
treat basis. Since we were able to either
assess patients to the end of the study
or track end point status through the
Department of Veterans Affairs na-
tional database located in Austin, Tex,49

data from all randomized patients were
included in the primary and second-
ary end point analyses, even though
some patients were withdrawn from the
study early.

Baseline patient characteristics were
compared using the �2 test, t test, or
analysis of variance. Survival curves
were used to characterize the timing of
the primary and secondary end points
during follow-up according to the
method of Kaplan and Meier.50 Since ac-
crual rate and duration, as well as con-
trol event rates, differed from prior as-
sumptions, the achieved study precision
was best revealed by the width of con-
fidence intervals (CIs) for effect. The
Cox proportional hazards regression
model51 was used to compute hazard ra-
tios (HRs) and 95% CIs, with adjust-
ment for covariates.

The 5 prespecified biological covar-
iates identified at entry (age, smoking
status, diagnosis of DM, HDL-C/
LDL-C ratio, and ferritin level) were
analyzed using corresponding prod-
uct terms in the proportional hazards
regression models for possible interac-
tion with treatment assignment. The in-
teraction analysis was an exploratory,
post hoc analysis; adjustments for mul-
tiple comparisons for this interaction
analysis were not performed.

To explore and describe the nonlin-
ear effect of the age interaction with
treatment on the outcomes, age was fit-
ted in the linear tail-restricted cubic
spline function with 3 knots in the Cox

proportional hazards model, and the log
relative hazards were plotted (using the
Design and Hmisc packages in R ver-
sion 2.3.1 [R foundation for Statistical
Computing; available at http://www
.R-project.org]). Interaction analyses of
the 5 stratifiers were plotted with age,
HDL-C/LDL-C ratio, and ferritin level
presented as quartiles.

RESULTS
The flow of patients through this study
is summarized in FIGURE 1. Because of
slower than expected enrollment, pa-
tient accrual was extended to 3.5 years
while retaining the 2.5-year minimum
follow-up.41

Of the 1277 patients entered from 24
participating medical centers, 641 were
randomly assigned to the control group
and 636 to the iron-reduction group.
Baseline patient characteristics are
shown in TABLE 1. Entry ferritin lev-
els were similar to those found in the
general middle-aged and older adult
population1 and in the pilot study.40

Control and iron-reduction groups were
comparable at baseline for age; sex; race;
tobacco and alcohol use; diagnosis of
DM and hypertension; body mass in-
dex; HDL-C/LDL-C ratio; levels of fi-

Figure 1. Study Flow

2483 Assessed for Eligibility

641 Assigned to Control
0 Patients Crossed

Over to Phlebotomy

636 Assigned to Receive
Iron-Reduction
Phlebotomy
78 Did Not Receive

Any Phlebotomy

1206 Excluded41

784 Did Not Meet
Clinical or
Laboratory
Entry Criteria

422 Failed to Sign
Consent Forms

39 Lost to Follow-up∗ 39 Lost to Follow-up∗

1277 Randomized

641 Included in Analyses∗ 636 Included in Analyses∗

*Since all patients were accessible through the end of
the study or trackable through the Austin database,
data from all randomized patients were included in the
primary and secondary end point analyses.

IRON STORES AND CARDIOVASCULAR OUTCOMES IN PATIENTS WITH PAD

©2007 American Medical Association. All rights reserved. (Reprinted) JAMA, February 14, 2007—Vol 297, No. 6 605

 at Uniformed Services University, on February 14, 2007 www.jama.comDownloaded from 

http://www.jama.com


brinogen, homocysteine, and ferritin;
and cardiovascular comorbid condi-
tions.41 Patients generally had ad-
vanced, systemic atherosclerotic car-
diovascular disease. The control group
had higher proportions of white indi-
viduals and statin drug users at entry
than the iron-reduction group.

Follow-up at the end of the study was
complete for all 1277 patients; total fol-
low-up was approximately 4500 pa-
tient-years, and the observed mean fol-
low-up was 3.50 (SD, 1.49) years per
patient. Because patient outcome could
be tracked through the Austin data-
base, the total mean follow-up was 1649

(SD, 361) days, or 4.52 years per pa-
tient. The follow-up interval for con-
trol and iron-reduction patients was
similar to that for the overall cohort.

The 636 patients assigned to un-
dergo iron reduction had 3141 phle-
botomy episodes (median episodes per
patient, 5 [interquartile range, 3-8];
range, 0-11). The mean blood volume
required for removal to achieve ferri-
tin reduction was calculated as 970 mL;
the actual volume removed was 920 mL.
Initial iron reduction required a mean
of 37 days and 2.3 visits. The mean vol-
ume of blood removed at 6-month in-
tervals to maintain ferritin reduction

was 411 (SD, 278) mL. Of patients as-
signed to undergo iron reduction, 88%
had the required amount of blood re-
moved within the first year in the study,
65% had 50% or more of the calcu-
lated amount of blood actually re-
moved (ie, greater than 50% compli-
ance with intervention), and the average
patient had 72% of the calculated
amount of blood removed over the
course of follow-up.

The mean ferritin level across all fol-
low-up visits remained unchanged from
entry levels in control patients (122.5
[SD, 87.2] ng/mL) but was reduced sig-
nificantly to levels considered desir-
able based on previous data15,44 in those
undergoing iron reduction (79.7 [SD,
71.9] ng/mL) (P�.001). The mean fer-
ritin level across all 6-month fol-
low-up visits in patients assigned to un-
dergo iron reduction having 50% or
greater compliance with phlebotomy
was 58.3 (SD, 31.5) ng/mL (P�.001 for
comparison with levels in control pa-
tients), corresponding to levels tar-
geted by the protocol.40,41 Compliance
with phlebotomy was unaffected by se-
verity of vascular disease and comor-
bid conditions at entry. Minor vasova-
gal events were reported in 6 patients
in the iron-reduction group, all of which
were attributed to volume depletion due
to phlebotomy.

End Point Analyses

No statistically significant difference be-
tween treatment groups was observed for
either the primary end point (hazard ra-
tio [HR], 0.85; 95% confidence interval
[CI], 0.67-1.08; P=.17) or the second-
ary end point (HR, 0.88; 95% CI, 0.72-
1.07; P=.20) (TABLE 2). Kaplan-Meier
curves for the primary and secondary
study end points for the control and iron-
reduction groups are shown in FIGURE 2.
Excluding patients in both groups with
entry ferritin levels of less than 60
ng/mL and in those in the iron-
reduction group with less than 50% ad-
herence did not change the HR for treat-
ment in either the primary or secondary
end points. Neither the cumulative in-
cidence nor the time to occurrence of
other nonfatal peripheral, coronary, and

Table 1. Comparison of Control and Iron-Reduction Groups at Study Entry

Variable

No. (%)

P
Value

Control
(n = 641)

Iron Reduction
(n = 636)

Age, mean (SD), y 67 (8) 67 (9) .83

Men 634 (98.9) 628 (98.7) .80

White 555 (86.6) 521 (81.9) .02

Tobacco use 617 (96.3) 606 (95.3) .40

Alcohol use 186 (29.0) 188 (29.6) .85

Diabetes 235 (36.6) 239 (37.6) .72

Hypertension 486 (75.8) 491 (77.2) .59

BMI, mean (SD)* 28.2 (5.3) 28.1 (4.8) .65

HDL-C/LDL-C ratio, mean (SD) 0.4 (0.2) 0.4 (0.3) .87

Statin use 401 (62.6) 356 (56.0) .01

Fibrinogen, mean (SD), mg/dL 391.5 (90.5) 390.2 (96.1) .75

Homocysteine, mean (SD), µmol/L 12.3 (3.4) 12.4 (4.0) .96

Ferritin, mean (SD), ng/mL 122.4 (83.0) 121.4 (82.3) .86

Comorbid conditions
Any cardiovascular 514 (80.2) 499 (78.5) .44

Atherosclerotic heart disease only 346 (54.0) 355 (55.8) .53

Cardiovascular disease only 229 (35.7) 238 (37.4) .56

Peripheral arterial disease only 317 (49.5) 304 (47.8) .57

No. of conditions
1 223 (34.8) 205 (32.2) .34

2 204 (31.8) 190 (29.9) .46

3 87 (13.6) 104 (16.3) .18
Abbreviations: BMI, body mass index; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cho-

lesterol.
*Calculated as weight in kilograms divided by height in meters squared.

Table 2. Comparison of Control and Iron-Reduction Groups for Primary (All-Cause Mortality)
and Secondary (Death Plus Nonfatal MI and Stroke) Outcome Events

Outcome
Total

(N = 1277)
Control
(n = 641)

Iron Reduction
(n = 636) HR (95% CI)

P
Value

Primary end point 273 (21.4) 148 (23.1) 125 (19.7) 0.85 (0.67-1.08) .17

Secondary end point 385 (30.1) 205 (32) 180 (28.3) 0.88 (0.72-1.07) .20

MI 119 (9.3) 58 (9) 61 (9.6) 1.01 (0.70-1.47) .95

Stroke 61 (4.8) 29 (4.5) 32 (5) 1.22 (0.71-2.10) .46
Abbreviations: CI, confidence interval; HR, hazard ratio; MI, myocardial infarction.
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cerebral vascular events during fol-
low-up differed between groups.

Subgroup Analyses
Post hoc analyses were performed to de-
termine whether effects of iron reduc-
tion differed across subgroups de-
fined by the 5 factors used at entry to
stratify the randomization (FIGURE 3).
These interaction plots appear to sug-
gest improvement with iron reduction
in patients without diabetes and in
smokers, and graded improvement
based on highest HDL-C/LDL-C ratio
quartile, lowest ferritin level quartile,
and youngest age quartile. Although
these trends were similar for the pri-
mary and secondary end points, these
results are exploratory and unad-
justed for multiple comparisons.

Further post hoc analyses were con-
ducted for the primary and secondary
study end points, treating age as a con-
tinuous variable (FIGURE 4). Compari-
sonof treatmentgroupsrevealedthatage
interactednonlinearlywith treatment in
both the primary (P=.04) and second-
ary(P�.001)endpoints.Comparedwith

control patients, those in the youngest
age quartile alone assigned to undergo
ironreductionhadareductioninthepri-
mary end point (unadjusted HR, 0.47;
95% CI, 0.24-0.90; P=.02) and a reduc-
tion in the secondary end point (unad-
justed HR, 0.41; 95% CI, 0.24-0.68;
P�.001).Thus, ironreductionappeared
to improve outcome to a significantly
greaterextent inyoungercomparedwith
older patients.

COMMENT
The hypothesis that accumulated iron
contributes to disease risk through
iron-catalyzed free radical–mediated
damage to critical biomolecules and
through altered cellular function rests
on secure biochemical grounds.1-8,52

However, the relationship between
iron and disease has , as apt ly
expressed by Wood,16 remained “in
hiding” because of inconsistent find-

Figure 2. Kaplan-Meier Analyses of the Primary (All-Cause Mortality) and Secondary (Death
plus Nonfatal Myocardial Infarction or Stroke) Study End Points for the Entire Study Cohort,
by Intervention Group

0 1 2 3 4 65

641 600 549 451 297 163
636 597 546 452 311 152

Event Time, y

Death, Nonfatal Myocardial
Infarction, or Stroke

0.5

0.1

0.2

0.3

0.4

0

No. at Risk
Control

Control

Control

Iron Reduction

Iron Reduction

Log-Rank P = .17 Log-Rank P = .20

Iron Reduction

0 1 2 3 4 65

641 622 586 502 343 193
636 617 585 506 347 179

Event Time, y

P
ro

po
rt

io
n 

E
ve

nt
All-Cause Mortality

Figure 3. Association Between 5 Prespecified Randomization Variables at Study Entry and the Primary (All-Cause Mortality) and Secondary
(Death plus Nonfatal Myocardial Infarction or Stroke) Study End Points

Mortality, No. (%)

Favors Iron
Reduction

Favors
Control

Hazard Ratio

Control
Iron

Reduction

No. of Patients

ControlCharacteristic
P Value for
Interaction

2.01.00.2

Death, Nonfatal
Myocardial Infarction,

or Stroke, No. (%)

Favors Iron
Reduction

Favors
Control

Hazard Ratio

2.01.00.2

Diabetes
94 (23.2) 69 (17.3)No 406
54 (23.0) 56 (23.5)Yes 235

.25

Smoker
84 (23.0) 82 (22.3)No 365
64 (23.2) 43 (16.0)Yes 276

.06

HDL/LDL Ratio
48 (28.4) 23 (15.3)≥0.506 169
26 (18.3) 34 (19.3)0.381-0.505 142
39 (22.5) 31 (21.1)0.289-0.380 173
29 (22.1) 31 (24.0)≤0.288 131

.13

Age, y
39 (27.7) 39 (26.5)75-87 141
43 (26.5) 35 (23.3)69-74 162
38 (22.5) 38 (21.6)62-68 169
28 (16.6) 13 (8.0)43-61 169

.10

Ferritin, ng/mL
26 (16.7) 33 (20.5)≤169-<400 156
39 (23.1) 25 (16.8)104-≤168 169
40 (26.8) 35 (20.7)60-≤103 149
43 (25.7) 32 (20.4)≤59 167

Iron
Reduction

398
238

367
269

150
176
147
129

147
150
176
163

161
149
169
157

.15

Control

124 (30.5)
81 (34.5)

111 (30.4)
94 (34.1)

57 (33.7)
38 (26.8)
56 (32.4)
43 (32.8)

47 (33.3)
57 (35.2)
52 (30.8)
49 (29.0)

40 (25.6)
51 (30.2)
53 (35.6)
61 (36.5)

Iron
Reduction

101 (25.4)
79 (33.2)

118 (32.2)
62 (23.0)

37 (24.7)
48 (27.3)
43 (29.3)
40 (31.0)

56 (38.1)
46 (30.7)
57 (32.4)
21 (12.9)

46 (28.6)
37 (24.8)
51 (30.2)
46 (29.3)

P Value for
Interaction

.52

.006

.82

.0038

.18

HDL-C indicates high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol. Error bars indicate 95% confidence intervals.
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ings between clinical studies having
variable experimental design.10-14,16,17

Examples of such design differences
include the use of the percentage of
transferrin saturation1,18,53 or non–
transferrin-bound iron levels54 for dis-
ease correlations which, unlike the
ferritin level, are not confirmed mea-
sures of body iron stores suitable for
epidemiologic studies1; admixture of
patients with and without genetic pre-
disposition to increased iron accumu-
lation55; differences in the mix of
numerous other confounding and
uncontrolled risk factors between
studies14,16,17,56,57; and failure to ana-
lyze outcome according to age and
other potential interacting vari-
ables.11,15,17,19

Data reported from this random-
ized clinical trial may explain previ-
ous conflicting reports. Preplanned
analyses of the primary (all-cause mor-
tality) and secondary (death plus non-
fatal MI and stroke) end points per-
formed on the entire study cohort
showed no effect of iron reduction.
However, there was a significant inter-
action with age (1 of 5 prespecified bio-
logical stratifying factors), suggesting
that a beneficial effect might exist in
younger patients, an observation that
coincides with findings of others.

Sullivan15 emphasized differential
coronary risk between male and fe-
male individuals before the fifth de-
cade of life. Haidari et al19 found a sig-
nificant relationship between the serum
ferritin level and risk of coronary ar-
tery disease in male patients younger
than 50 years. Ramakrishna et al11 re-
viewed evidence consistent with a con-
tribution of iron to atherosclerosis but
at a relatively early age.

Possible effects of iron reduction on
cardiovascular outcomes in younger in-
dividuals may be interpreted in light of
growing interest in the importance of
risk factors in early atherogenesis.27-36

Juonala et al28 reported data for 3596
Finnish individuals studied in 1980 at
ages 3 to 18 years. These individuals
were restudied in 2001 at ages 24 to 39
years. Risk factors present at the ear-
lier examination (obesity, elevated
blood pressure, increased skinfold
thickness, high levels of LDL-C and tri-
glycerides, low levels of HDL-C, and
smoking) predicted poor vascular
health as represented by reduced arte-
rial elasticity when these individuals
were restudied. Vascular health dete-
riorated progressively between ages 24
and 39 years, and deterioration in men
preceded deterioration in women. Data
from the Bruneck Study58,59 demon-

strated 2 distinct age-related risk pro-
files. Common risk factors, including
levels of body iron stores, were opera-
tive in early atherosclerosis, while other
risk factors, such as hypercoagulabil-
ity and DM, were operative in later-
stage disease. Age was the strongest risk
predictor of atherosclerosis, and the sex
difference in the incidence of athero-
sclerosis disappeared after adjustment
for body iron stores. Thus, potentially
preventable and reversible free-
radical damage relatively early in the
course of atherogenesis may lead to ad-
vanced disease that is unresponsive to
reduction in iron burden.60-62

Interactions between age and iron
stores in early atherogenesis invite fur-
ther study, eg, using strategies that mea-
sure effects of iron reduction on ves-
sel wall thickness58,59 or arterial
elasticity.31 Zheng et al23 showed sig-
nificantly improved arterial elasticity in
high-frequency blood donors (mean fer-
ritin level, 17 ng/mL) compared with
lower-frequency blood donors (mean
ferritin level, 52 ng/mL). While the
mean age of individuals studied was
about 60 years, the relatively low fer-
ritin levels in both groups (due to rou-
tine blood donation) are much more
typical of individuals in their teens and
twenties and, especially, premeno-
pausal women,1 suggesting that vascu-
lar health might be preserved into later
life by maintaining low iron levels over
time.

The present study has several limi-
tations. Because of the lower than ex-
pected accrual, the study was under-
powered overall and particularly
underpowered to definitively assess out-
comes in younger patients and smok-
ers. While interactions between iron re-
duction and other variables, such as age
and smoking, were apparent, data were
inadequate to determine definitively
whether 1 or more of these variables in-
teracted biologically with iron-
reduction therapy. The study was
single-blinded, and primary and sec-
ondary end points were adjudicated by
a committee external to the study.
Nonetheless, concerns remain about
possible bias, particularly in subgroup

Figure 4. Association Between Age and the Log Relative Hazard for the Primary (All-Cause
Mortality) and Secondary (Death plus Nonfatal Myocardial Infarction or Stroke) Study End
Points
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analyses. Patients with very high ferri-
tin levels were excluded from the study,
and the efficacy of iron reduction in in-
dividuals with extreme levels of iron
stores is unknown.

The FeAST data highlight opportu-
nities for further research. Potentially
toxic iron levels appear to exist in asymp-
tomatic individuals. This observation
corresponds to the fact that ingested iron
accumulates imperceptibly; iron can-
not be recognized as noxious by taste,
smell, or the amount ingested. Thus, iron
stores increase slowly over years or de-
cades to levels not obviously related tem-
porally to disease that seems to appear
capriciously. Patterns in and extent of
elevated iron levels over time may ac-
count not only for differences in dis-
ease risk according to age and sex15 but
also for increased disease risk in black
individuals, whose iron levels exceed
those of white individuals.1 Mean ferri-
tin levels decline in individuals older
than age 70 years, consistent with the
concept that lower levels of body iron
may be conducive to greater longev-
ity.1

The FeAST data show that it should
be possible to test definitively whether
controlling iron levels may reduce dis-
ease risk. Additional research is needed
to further define ferrotoxic diseases,
stratify risk reduction with interven-
tion, and clarify mechanisms, particu-
larly in younger patients.

Author Contribution: Mr Chow and Ms Shamayeva
had full access to all of the data in the study and take
responsibility for the integrity of the data and the ac-
curacy of the data analysis.
Study concept and design: Zacharski, Chow, Howes,
Baron, Dalman, Malenka, Ozaki, Lavori.
Acquisition of data: Zacharski, Chow, Howes, Sha-
mayeva, Dalman, Ozaki.
Analysis and interpretation of data: Zacharski, Chow,
Howes, Shamayeva, Baron, Dalman, Malenka, Ozaki,
Lavori.
Drafting of the manuscript: Zacharski, Chow, Lavori.
Critical revision of the manuscript for important in-
tellectual content; Zacharski, Chow, Howes,
Shamayeva, Baron, Dalman, Malenka, Ozaki, Lavori.
Statistical analysis: Chow, Shamayeva, Lavori.
Obtained funding: Zacharski, Chow, Howes, Lavori.
Administrative, technical and material support:
Zacharski, Chow, Howes, Shamayeva, Lavori.
Study supervision: Zacharski, Chow, Howes,
Shamayeva, Baron, Dalman, Malenka, Ozaki, Lavori.
Financial Disclosures: None reported.
VA Cooperative Study #410 Personnel and Centers:
Study Chairman’s Office: Leo R. Zacharski, MD (Study
Chairman), Paula Howes, MS, APRN (National Study
Coordinator), M Heath. Executive Committee: L. R.

Zacharski, MD (Chairman), B. K. Chow, P. Howes, C.
K. Ozaki, MD, R. L. Dalman, MD, J. A. Baron, MD,
D. L. Makenka, MD. Data and Safety Monitoring
Board: B. Massie, MD (Chairman), P. Carson, MD, T.
Colton, PhD, K. Detre, PhD, M. Gaziano, MD, S. Got-
tlieb, MD. Endpoints Adjudication Committee: J. F.
Plehn, MD (Chairman), M. D. Tischler, MD, P. S.
Rahko, MD, D. C. Hess, MD, T. J. DeGraba, MD, L.
C. Pettigrew, MD. National Human Rights Commit-
tee: C. Giese (Chairperson). The Palo Alto Coopera-
tive Studies Program Coordinating Center: P. Lavori,
B. Chow, G. Shamayeva, L. Planting, L. Sheridan, B.
Ventura. Participating VA Medical Centers (listed in
descending order of the number of patients en-
rolled): Little Rock, Ark (M. Moursi, C. McDonald, J.
Englehart, D. Doggett); Madison, Wis ( J. Hoch, J.
Burks, B. Dunlap); Houston, Tex (A. Blaustein, C. Pel-
legrino, C. Rowe, L. Lacy, R. Scott); Gainesville, Fla
(C.K. Ozaki, A. Irwin, P. Irwin); Reno, Nev (R. De-
Palma, H.T. Cafferata, P. May, V. Hayes, K. Solo-
mon, F. McKeon); Pittsburgh, Pa (M. Amidi, A. Sonel,
M. Bell, J. Moorhead, M. DiTommas); Leavenworth,
Kan (D. Courtney, M. Cook, J. Moppin); Long Beach,
Calif (I. Gordon, L. Willis, W. Wong, K. Zalecki, D.
Guizado, E. Berry, J. Ng); Hines, Ill ( J. Third, A. White,
J. Azolin, M. Ryan, A. Zuluaga, A. Vondruska); Palo
Alto, Calif (R.L. Dalman, A. Hoffman, S. Thunen, S.
Marinos, D. Yu); White River Junction, Vt (R.J. Pow-
ell, D. Balestra, D. O’Rourke, E. Belles, P. Howes); Lou-
isville, Ky (S. Wagner, K. Doeshuk, M. Olligus, M.
Alshaher, T. Abdul-Baki); Salt Lake City, Utah (S. Galt,
M. Elstad, G. Treiman, L. Bhiranghi, C. Korowski, M.
Jalilvand, D. Jost, S. Hatton-Ward, S. Granger); Lex-
ington, Ky (T. Schwarcz, E. Endean, N. Lewis, J.
Warner-Carpenter, P. Rowan, B. Broughton); San Juan,
Puerto Rico (L.R. Ospina, J. Santos, A. Deleon, C. Pe-
drosa); Milwaukee, Wis (R. Cambria, G. Seabrook, A.
Scott, S. Framberg, C. Kallio); Boston, Mass (W.
Johnson, M. Watkins, J. Hamilton, A. Wrobel, B. Di-
onian), Durham, NC ( J. Gray, C. Peterson, N. Lee, K.
Swails); Cleveland, Ohio (S. Busuttil, J. Jean-Claude,
D. Fox, K. Kallen, J. Miklacic, R. Jones, L. Tucker); Provi-
dence, RI ( J. Slaiby, N. Crandell, L. Marquis, M.J. Roy);
Birmingham, Ala (D. Whitley, L. Adams, J. Bailey-
Griffin, J. Poirier, M. Egan, K. Mitchell, C. Inman); New
York, NY (S. Sedlis, R. Burris, M. May, E. Anteola, M.
Keary); West Haven, Conn (B. Sumpio, B. Borromeo,
A. Dardick); Indianapolis, Ind (D. Cikrit, B. Solooki, C.
Adams).
Funding/Support: This study was funded by the Co-
operative Studies Program of the Department of Vet-
erans Affairs Office of Research and Development,
Clinical Science Research & Development Service.
Role of the Sponsor: The funding agency provided gen-
eral policies and guidelines for conducting the study
in accordance with federal and relevant regulations.
The agency had no role in the study design, data col-
lection, or analyses. This manuscript follows publica-
tion policies established by the funding agency.
Acknowledgment: We thank the members of the study
group, data and safety monitoring board, and end-
points adjudication committee for their commitment
to the study.

REFERENCES

1. Zacharski LR, Ornstein DL, Woloshin S, Schwartz
LM. Association of age, sex, and race with body iron
stores in adults: analysis of NHANES III data. Am Heart
J. 2000;140:98-104.
2. Levenson CW, Tassabehji NM. Iron and ageing: an
introduction to iron regulatory mechanisms. Ageing
Res Rev. 2004;3:251-263.
3. Papanikolaou G, Pantopoulos K. Iron metabolism
and toxicity. Toxicol Appl Pharmacol. 2005;202:199-
211.
4. Kehrer JP. The Haber-Weiss reaction and mecha-
nisms of toxicity. Toxicology. 2000;149:43-50.

5. Spiteller G. Lipid peroxidation in aging and age-
dependent diseases. Exp Gerontol. 2001;36:1425-
1457.
6. Cook CI, Yu BP. Iron accumulation in aging: modu-
lation by dietary restriction. Mech Ageing Dev. 1998;
102:1-13.
7. Samson FE, Nelson SR. The aging brain, metals and
oxygen free radicals. Cell Mol Biol. 2000;46:699-707.
8. Balducci L. Anemia, cancer, and aging. Cancer
Control. 2003;10:478-486.
9. Weinberg ED. Iron loading and disease surveillance.
Emerg Infect Dis. 1999;5:346-352.
10. Shah SV, Alam MG. Role of iron in atherosclerosis.
Am J Kidney Dis. 2003;41(suppl 1):S80-S83.
11. Ramakrishna G, Rooke TW, Cooper LT. Iron and
peripheral arterial disease: revisiting the iron hypoth-
esis in a different light. Vasc Med. 2003;8:203-210.
12. Qayyum R, Schulman P. Iron and atherosclerosis.
Clin Cardiol. 2005;28:119-122.
13. Yuan XM, Li W. The iron hypothesis of athero-
sclerosis and its clinical impact. Ann Med. 2003;35:578-
591.
14. You SA, Wang Q. Ferritin in atherosclerosis. Clin
Chim Acta. 2005;357:1-16.
15. Sullivan JL. Iron and the sex difference in heart
disease risk. Lancet. 1981;1:1293-1294.
16. Wood RJ. The iron-heart disease connection: is
it dead or just hiding? Ageing Res Rev. 2004;3:355-
367.
17. Spiteller G. Is atherosclerosis a multifactorial dis-
ease or is it induced by a sequence of lipid peroxida-
tion reactions? Ann N Y Acad Sci. 2005;1043:355-366.
18. van der A DL, Grobbee DE, Roest M, Marx JJ, Voor-
bij HA, van der Schouw YT. Serum ferritin is a risk fac-
tor for stroke in postmenopausal women. Stroke. 2005;
36:1637-1641.
19. Haidari M, Javadi E, Sanati A, Hajilooi M, Ghan-
bili J. Association of increased ferritin with premature
coronary stenosis in men. Clin Chem. 2001;47:1666-
1672.
20. Sulieman M, Asleh R, Cabantchik ZI, et al. Se-
rum chelatable redox-active iron is an independent
predictor of mortality after myocardial infarction in in-
dividuals with diabetes. Diabetes Care. 2004;27:2730-
2732.
21. Wolff B, Volzke H, Ludemann J, et al. Associa-
tion between high serum ferritin levels and carotid ath-
erosclerosis in the Study of Health in Pomerania (SHIP).
Stroke. 2004;35:453-457.
22. Paraskevaidis IA, Iliodromitis EK, Vlahakos D, et al.
Deferoxamine infusion during coronary artery by-
pass grafting ameliorates lipid peroxidation and pro-
tects the myocardium against reperfusion injury: im-
mediate and long-term significance. Eur Heart J. 2005;
26:263-270.
23. Zheng H, Cable R, Spencer B, Votto N, Katz SD.
Iron stores and vascular function in voluntary blood
donors. Arterioscler Thromb Vasc Biol. 2005;25:1577-
1583.
24. Ramakrishnan U, Kuklina E, Stein AD. Iron stores
and cardiovascular disease risk factors in women of
reproductive age in the United States. Am J Clin Nutr.
2002;76:1256-1260.
25. Duffy SJ, Biegelsen ES, Holbrook M, et al. Iron che-
lation improves endothelial function in patients with
coronary artery disease. Circulation. 2001;103:2799-
2804.
26. Jiang R, Ma J, Ascherio A, Stampfer MJ, Willett
WC, Hu FB. Dietary iron intake and blood donations
in relation to risk of type 2 diabetes in men: a pro-
spective cohort study. Am J Clin Nutr. 2004;79:
70-75.
27. Lloyd-Jones DM, Leip EP, Larson MG, et al. Pre-
diction of lifetime risk for cardiovascular disease by risk
factor burden at 50 years of age. Circulation. 2006;113:
791-798.
28. Juonala M, Jarvisalo MJ, Maki-Torkko N, Kaho-
nen M, Viikari JS, Raitakari OT. Risk factors identified

IRON STORES AND CARDIOVASCULAR OUTCOMES IN PATIENTS WITH PAD

©2007 American Medical Association. All rights reserved. (Reprinted) JAMA, February 14, 2007—Vol 297, No. 6 609

 at Uniformed Services University, on February 14, 2007 www.jama.comDownloaded from 

http://www.jama.com


in childhood and decreased carotid artery elasticity in
adulthood: the Cardiovascular Risk in Young Finns
Study. Circulation. 2005;112:1486-1493.
29. McMahan CA, McGill HC, Gidding SS, et al; for
the Pathobiological Determinants of Atherosclerosis
in Youth (PDAY) Research Group. PDAY risk score pre-
dicts advanced coronary artery atherosclerosis in
middle-aged persons as well as youth. Atherosclerosis.
2007;190:370-377.
30. Knoflach M, Bernhard D, Wick G. Anti-HSP60 im-
munity is already associated with atherosclerosis early
in life. Ann N Y Acad Sci. 2005;1051:323-331.
31. Whincup PH, Gilg JA, Donald AE, et al. Arterial
distensibility in adolescents: the influence of adipos-
ity, the metabolic syndrome, and classic risk factors.
Circulation. 2005;112:1789-1797.
32. Paul TK, Srinivasan SR, Wei C, et al. Cardiovas-
cular risk profile of asymptomatic healthy young adults
with increased femoral artery intima-media thick-
ness: the Bogalusa Heart Study. Am J Med Sci. 2005;
330:105-110.
33. Nakamura YK, Read MH, Elias JW, Omaye ST.
Oxidation of serum low-density lipoprotein (LDL) and
antioxidant status in young and elderly humans. Arch
Gerontol Geriatr. 2006;42:265-276.
34. Vrtovec B, Keber I, Gadzijev A, Bardorfer I, Ke-
ber D. Carotid intima-media thickness of young coro-
nary patients. Coron Artery Dis. 1999;10:407-411.
35. Ferrucci L, Corsi A, Lauretani F, et al. The origins
of age-related proinflammatory state. Blood. 2005;105:
2294-2299.
36. Chamoun AJ, Curran-Chamoun DM. Childhood
growth and coronary events. N Engl J Med. 2006;354:
303-304.
37. Salonen JT, Korpela H, Nyyssonen K, et al. Low-
ering of body iron stores by blood letting and oxida-
tion resistance of serum lipoproteins: a randomized
cross-over trial in male smokers. J Intern Med. 1995;
237:161-168.
38. Meyers DG, Jensen KC, Menitove JE. A historical
cohort study of the effect of lowering body iron
through blood donation on incident cardiac events.
Transfusion. 2002;42:1135-1139.
39. Salonen JT, Tuomainen TP, Salonen R, Lakka TA,
Nyyssonen K. Donation of blood is associated with re-

duced risk of myocardial infarction: the Kuopio Isch-
aemic Heart Disease Risk Factor Study. Am J Epidemiol.
1998;148:445-451.
40. Zacharski LR, Chow B, Lavori PW, et al. The Iron
(Fe) and Atherosclerosis Study (FeAST), I: a pilot study
of reduction of body iron stores in atherosclerotic pe-
ripheral vascular disease: VA Cooperative Study #410.
Am Heart J. 2000;139:337-345.
41. Zacharski LR, Chow BK, Howes PS, Lavori PW,
Shamayeva G. Implementation of an iron reduction
protocol in patients with peripheral vascular disease:
VA Cooperative Study #410: the Iron and Atheroscle-
rosis Study. Am Heart J. 2004;148:386-392.
42. US Census Bureau. Racial and ethnic classifica-
tions used in Census 2000 and beyond. http://www
.census.gov/population/www/socdemo/race
/racefactcb.html. Accessed January 16, 2007.
43. Goldman L, Hashimoto B, Cook EF, Loscalzo A.
Comparative reproducibility and validity of systems for
assessing cardiovascular functional class: advantages
of a new specific activity scale. Circulation. 1981;64:
1227-1234.
44. Kiechl S, Willeit J, Egger G, Poewe W, Oberhol-
lenzer F. Body iron stores and the risk of carotid ath-
erosclerosis: prospective results from the Bruneck study.
Circulation. 1997;96:3300-3307.
45. Lakatos E. Sample size determination in clinical
trails with time dependent rates of losses and
noncompliance. Control Clin Trials. 1986;7:189-
199.
46. Lakatos E. Sample size based on the log rank sta-
tistic in complex clinical trials. Biometrics. 1988;44:229-
241.
47. Lan KKG, DeMets DL. Discrete sequential bound-
aries for clinical trials. Biometrika. 1983;70:659-
663.
48. O’Brien PC, Fleming TR. A multiple testing pro-
cedure for clinical trials. Biometrics. 1979;35:549-
556.
49. US Department of Veterans Affairs. VA Informa-
tion Resource Center. http://www.virec.research.va
.gov/. Accessed January 16, 2007.
50. Kaplan EL, Meier P. Nonparametric estimation from
incomplete observations. J Am Stat Assoc. 1958;53:
457-481.

51. Cox DR. Regression models and life-tables. J R Stat
Soc [B]. 1972;34:187-220.
52. Ferrara DE, Taylor WR. Iron chelation and vas-
cular function: in search of the mechanisms. Arterio-
scler Thromb Vasc Biol. 2005;25:2235-2237.
53. Lee DH, Zacharski LR, Jacobs DR. Comparison of
the serum ferritin and percentage of transferrin satu-
ration as exposure markers of iron-driven oxidative
stress-related disease outcomes. Am Heart J. 2006;151:
1247e1-1247e7.
54. van der A DL, Marx JJ, Grobbee DE, et al. Non-
transferrin-bound iron and risk of coronary heart dis-
ease in postmenopausal women. Circulation.
2006;113:1942-1949.
55. Yunker LM, Parboosingh JS, Conradson HE, et al.
The effect of iron status on vascular health. Vasc Med.
2006;11:85-91.
56. Howard BV, Kuller L, Langer R, et al; Women’s
Health Initiative. Risk of cardiovascular disease by hys-
terectomy status, with and without oophorectomy: the
Women’s Health Initiative Observational Study.
Circulation. 2005;111:1462-1470.
57. Berkman LF. Tracking social and biological expe-
riences: the social etiology of cardiovascular disease.
Circulation. 2005;111:3022-3024.
58. Willeit J, Kiechl S, Oberhollenzer F, et al. Distinct
risk profiles of early and advanced atherosclerosis: pro-
spective results from the Bruneck Study. Arterioscler
Thromb Vasc Biol. 2000;20:529-537.
59. Kiechl S, Willeit J. The natural course of athero-
sclerosis, I: incidence and progression. Arterioscler
Thromb Vasc Biol. 1999;19:1484-1490.
60. Stadler N, Lindner RA, Davies MJ. Direct detec-
tion and quantification of transition metal ions in hu-
man atherosclerotic plaques: evidence for the pres-
ence of elevated levels of iron and copper. Arterioscler
Thromb Vasc Biol. 2004;24:949-954.
61. Jeziorska M, Woolley DE. Local neovasculariza-
tion and cellular composition within vulnerable re-
gions of atherosclerotic plaques of human carotid
arteries. J Pathol. 1999;188:189-196.
62. Yuan XM, Anders WL, Olsson AG, Brunk UT. Iron
in human atheroma and LDL oxidation by macro-
phages following erythrophagocytosis. Atherosclerosis.
1996;124:61-73.

IRON STORES AND CARDIOVASCULAR OUTCOMES IN PATIENTS WITH PAD

610 JAMA, February 14, 2007—Vol 297, No. 6 (Reprinted) ©2007 American Medical Association. All rights reserved.

 at Uniformed Services University, on February 14, 2007 www.jama.comDownloaded from 

http://www.jama.com

