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Abstract
Background-The iron hypothesis sug-
gests that females are protected from ath-
erosclerosis by having lower iron stores
than men, thus limiting oxidation of
lipids.
Objective-To test the iron hypothesis by
comparing cardiovascular event rates in
whole blood donors compared with non-

donors.
Design-Prospective cohort with tele-
phone survey follow up.
Setting-The State ofNebraska, USA.
Participants-A sample was selected
from the Nebraska Diet Heart Survey
(NDHS) restricting for age > 40 years
and absence of clinically apparent vascu-

lar diseases at time of enrollment in to
NDHS (1985-87).
Main outcome measures-The occur-
rence of cardiovascular events (myocar-
dial infarction, angina, stroke),
procedures (angioplasty, bypass surgery,

claudication, endarterectomy), nitrogly-
cerin use, or death (all cause mortality),
and level ofblood donation.
Results-Participants were 655 blood
donors and 3200 non-donors who differed
in education, physical activity, diabetes,
and frequency of antihypertensive treat-
ment; 889 were lost to follow up. Sixty
four donors and 567 non-donors reported
cardiovascular events (crude odds ratio
= 0 50, 95% confidence interval (CI)
0.38-0.66). The benefit of donation was
confined to non-smoking males (adjusted
odds ratio 0-67, 95% CI 0-45-
0.99). Benefit was limited to current
donors (the most recent three years). No
additional benefit resulted from donating
more than once or twice over three years.
Conclusion-In support of the iron
hypothesis, blood donation in non-smok-
ing men in this cohort was associated with
reduced risk of cardiovascular events. A
randomised clinical trial is warranted to
confirm these findings as the observed
personal health benefit of donation has
public policy ramifications.

(Heart 1997;78: 188-193)
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Women experience less than half the incidence
and mortality from clinical coronary heart dis-
ease (CHD) of age matched men with an

approximate 10 year difference in comparable

age specific rates between the sexes.'-2 The
lower incidence of CHD in women has never
been adequately explained. Oestrogen associ-
ated changes, perhaps through effects on lipids
or vasoreactivity, may be protective.3
Observations from the Framingham cohort
have suggested that the risk ofCHD in women
is increased equally by natural menopause, sim-
ple hysterectomy, or bilateral oophorectomy.4
Factors other than oestrogen may be important
in female resistance to atherosclerotic disease.
The "iron hypothesis" suggests that men-

strual iron loss protects women against CHD.5
Oxygen free radicals promote oxidation of
lipids, which has been postulated to be involved
in the development of atherosclerosis.6 The iron
catalysed Fenton reaction generates a range of
potent oxidants that can induce oxidation of
lipids.7 8 Thus, by providing a source of free
iron, replete iron stores might increase the risk
of CHD. Conversely, menstrual depletion of
body iron may diminish oxidation and resultant
atherosclerotic CHD.

Depletion of iron through blood donation
may reduce CHD among donors.9 We report
the results of a study to examine the effects of
blood donation on vascular events.

Methods
SUBJECTS
The study subjects were a restricted sample of
the Nebraska Diet Heart Study (NDHS),10 a
cross sectional population sample drawn
between 1985 and 1987 that involved 9689
population density based and demographically
representative men, women, and children from
Nebraska, USA. Ages ranged from four months
to 98 years (mean 43 1). Males comprised
52-8% of the sample. During 1992-93 partici-
pants in the NDHS were recontacted for the
current study if they were > 40 years old and
denied clinically manifest cardiac, cerebral, or
peripheral vascular disease in the 1985-87
NDHS survey. The restricted follow up cohort
comprised 4762 healthy individuals, 52-5%
male, mean age 56-8 years at time of enroll-
ment in NDHS. Follow up was successful in
3873 people (81'3%). Eighteen refused to par-
ticipate and 889 were lost to follow up in spite of
a minimum of six attempts at telephone con-
tact, repeat searches of telephone listings, con-
tact with local relatives or residents with the
same surname, and searches for current
addresses by the United States Postal Service
and Equifax Services (Atlanta, Georgia, USA).
Other national databases were not used because
of lack of unique subject identifiers in the
NDHS database.
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DATA ACQUISITION
Between 1985 and 1987, on-site interviews,
physical examinations, and blood sampling
were performed under supervision of NDHS
medical personnel by local professional and lay
volunteers at 60 sites throughout Nebraska. A
standardised health status assessment question-
naire was administered. Height, weight, and a

single cuff blood pressure were measured.
Fasting venous blood was drawn and shipped
unfrozen in clot tubes to a Centers for Disease
Control and Prevention standardised lipid labo-
ratory where total cholesterol, high density
lipoprotein (HDL) cholesterol, triglycerides,
and glucose concentrations were determined
after centrifugation, using a Technicon SMAC
analyser (Technicon Corp, Terrytown, New
York, USA). Low density lipoprotein (LDL)
cholesterol concentrations were calculated
using the Friedewald equation."

FOLLOW UP
Between October 1992 and November 1993,
medically trained interviewers contacted partic-
ipants by telephone. In consenting participants,
a computer assisted structured questionnaire,
as approved by the Institutional Review Board
of the University of Nebraska, was adminis-
tered. This consisted of 39 items querying:
demographics; occurrence of specific cardiac
and vascular diseases and procedures; cardio-
vascular risk factors; frequency of alcohol and
tobacco use; use of nitroglycerin, antihyperten-
sives, and lipid modifying drugs; history of hys-
terectomy or oophorectomy and menopausal
status in women; and a crude food frequency
instrument (servings per week of specific food
items). Participants were also asked whether
they used multivitamin or iron supplements
and, if so, to read the iron dose from the label
or to recall the exact type and brand so that

doses could be determined from a catalogue of
multivitamin labels. Deaths were ascertained by
telephone interview with a surviving family
member or through a search of the Nebraska
State Department of Health death certificate
files. Surviving family members were invited to
answer as many questionnaire items as possible
based on their memory of the decedent's med-
ical history.

EVENTS AND PROCEDURES
Events were defined as new onset (since
1985-87) of myocardial infarction, angina pec-
toris, stroke, or claudication, or treatment with
percutaneous transluminal coronary angio-
plasty (PTCA), coronary artery bypass grafting
(CABG), peripheral arterial bypass or angio-
plasty, carotid endarterectomy, or nitroglycerin
use. Medical records were not obtained. Any
death certificate listing of cardiovascular disease
(ICD-9 codes 410, 411, 412, 413, 414, 429-2,
443 9, 440, 443, 437, or 557 1) was considered
evidence of disease.

BLOOD DONATION STATUS
During the follow up interview, participants
were asked whether they had donated whole
blood in the preceding 10 years. If answered
affirmatively, they were then asked to read from
their donor cards or to recall the number of
donations in the most recent three years.

STATISTICAL METHODS
Participant characteristics were evaluated by
analysis of variance, Student's t test, and con-

tingency table analysis with x2 test. Crude and
adjusted odds ratios were calculated using con-

tingency table analysis and logistic regression. A
logistic regression model, with presence of inci-
dent cardiac or vascular events as the outcome
variable, included as independent variables:

Table 1 Subject characteristics

Donors Non-donors Total P

Male 435 1613 2048 (53 3%) X
Female 220 1587 1807 (46-7%) f <o000
Age (years) mean (SD) 57-46 (10 91) 57-43 (10-89) 57-43 (10-89) 0-978
(range) (40-85) (40-103) (40-103)
Body mass index (kg/M2) mean (SD) 26-37 (4 05) 26 14 (4-31) 26-18 (4.26)* 0-204
(range) (16-81-47-51) (14-11-54-20) (14-10-54-20)
Education (years) mean (SD) 13-04 (3 33) 12-57 (3-21) 12-65 (3-24) < 0-001
(range) (4-20) (4-20) (4-20)
Exercise (%) 479 (73- 13) 1881 (58 78) 2357 (61 -14) < 0-001
Alcohol (drinks/weeks) mean (SD) 2-42 (1-75) 2-32 (1-80) 2-34 (1-79) 0-234
(range) (0-9) (0-9) (0-9)
Cigarette use (%)

Current 57 (8 70) 290 (9 06) 347 (9 00) )
Past 249 (38-01) 1139 (35 50) 1388 (36 00) 0-519
Never 349 (53-28) 1771 (53 34) 2120 (54-99) J

Systolic blood pressure (mm Hg) mean (SD) 133-63 (18-21) 134-22 (18-29) 134-12 (18-28) 0 430
(range) (86-206) (86-222) (86-222)

Diastolic blood pressure (mm Hg) mean (SD) 81-94 (10-52) 82-61 (10-25) 82-49 (10-30) 0-168
(range) (50-112) (50-106) (50-112)

Hypertension treatment (%) 120 (18-32) 864 (27-00) 984 (25 52) < 0-001
LDL cholesterol (mg/dl) mean (SD) 150-59 (42 55) 150-35 (38 79) 150-39 (39-48) 0-967
(range) (28-399) (37-379) (28-399)
HDL cholesterol (mg/dl) mean (SD) 55-15 (15-05) 53-97 (14-48) 54 18 (14-59) 0 070
(range) (20-116) (21-115) (20-116)
Triglycerides (mg/dl) mean (SD) 141-12 (89 05) 133-04 (84 84) 138-58 (85-59) 0-418
(range) (30-728) (27-756) (27-756)
Lipid treatment (%) 41 (6-26) 263 (8-22) 304 (7 88) 0 90
Glucose (mg/dl) mean (SD) 95 44 (19-43) 96 16 (23 54) 96-03 (22-86) 0-438
(range) (64-3001) (46-355) (46-355)
Diabetes (%) 6 (0-92) 175 (5 47) 181 (4 69) < 0-001
Relatives with CHD (%) 9-75 (14-30) 9-90 (14-13) 9-88 (14-16) 0-814
(range) (0-100) (0-100) (0-100)
Vitamin use (%) 220 (33 59) 1155 (36 09) 1375 (35 67) 0-223

CHD, coronary heart disease; HDI, high density lipoprotein; LDL, low density lipoprotein.
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Table 2 Cardiovascular events and procedures

Event Donors (n = 655) Non-donors (n = 3200) P value

Angina 24 (8 66%) 253 (17-64%) < 0-001
Myocardial infarction 12 (9-45%) 115 (17-25%) 0-022
PTCA 5 (5-68%) 83 (17-26%) 0-002
CABG 6 (8-11%) 68 (17-16%) 0-022
Claudication/bypass/

angioplasty/endarterectomy 29 (11-24%) 229 (17-40%) 0-010
Stroke 5 (5 56%) 85 (17-26%) 0-001
Nitroglycerin use 7 (5 79%) 114 (17-35%) < 0-001

Subjects are classified by their single most profound vascular event: myocardial infarction >
stroke > CABG > PTCA > angina > claudication > nitroglycerin.
CABG, coronary artery bypass graft; PTCA, percutaneous transluminal coronary angioplasty.

blood donation status plus five cardiovascular
risk factors (education level, physical activity,
lipid disorders, hypertension, and diabetes mel-
litus). Alpha significance was P < 0 05, two-
tailed.

Results
SUBJECT CHARACTERISTICS
Follow up over the five to eight year interval
was completed in 3855 individuals (2048
males (53 3%) and 1807 females (46 7%))
aged (SD) 63-95 (10-89) years (range,
45-103) at time of follow up (table 1). Over
94% were of European origin, 3% Asian,
1-4% Native American, and 1% African.
Donors were more likely to be male, consume
more alcohol, have slightly higher HDL cho-
lesterol concentrations, exercise at least once a
week, and use vitamins (all P < 0-01). The
889 non-responders exercised least and had
the lowest prevalence of alcohol use, the highest
systolic blood pressure, the lowest HDL cho-
lesterol, the highest prevalence of diabetes
mellitus, and used vitamins least (all P
< 0-01). Surveyed dietary intake (1992-93)
was similar between donors and non-donors
except that donors consumed meat more fre-
quently (consumed daily by 27-57% of donors
v 22-42% of non-donors, P = 0'033).

BLOOD DONOR STATUS
Six hundred and fifty five participants (17-0%)
reported donating at least one unit of whole
blood in the previous 10 years. Among cur-
rently active donors, 145 donated one or two
units, 131 donated three to five units, and 122

Table 3 Odds ratios for cardiovascular events and procedures in whole blood donors

Number Odds ratio (95% CI)

Men 2048 0 70 (0-48, 0 99)*
Current smokers 186 1-01 (0-34, 3-04)*
Past smokers 828 0-68 (0 40, 1-39)*
Never smokers 1034 0-67 (0-45, 0-99)*
Non-smoking with LDL

cholesterol < 130 mg/dl 429 0-95 (0-49, 184)*
Non-smoking with LDL

cholesterol > 160 mg/dl 468 0-62 (0-33, 1-17)*
Women 1807 0-84 (0-51, 1-38)*

Current smokers 161 0-66 (0-08, 5 05)*
Past smokers 560 0-83 (0 33, 2 08)*
Never smokers 1086 0 85 (0-51, 1-42)*
Non-smoking with LDL

cholesterol < 130 mg/dl 366 0-64 (0-24, 1-71)*
Non-smoking with LDL

cholesterol > 160 mg/dl 424 0-96 (0-46, 2 04)*
Overall
Crude P < 0-01 3855 0 50 (0-38, 0-66)
Adjusted* P = 0-087 0-77 (0-57, 10-03)*

*Logistic model - log vascular events = donor status, education level, physical activity, presence
of lipid disorder, hypertension, diabetes mellitus.

donated more than five units over the most
recent three years.

CARDIOVASCULAR EVENTS/DEATHS
Cardiovascular events or procedures, or use of
nitroglycerin were reported by 64 donors
(9-77%) and 567 non-donors (17-72%) (P <
0-001) (table 2). While most reported a single
event (n = 394), 125 noted two events, 64
three events, 33 four events, 12 five events,
one noted six events, and two reported seven
events over the follow up period. Specific
events were from 1 6 to 3 3 times more fre-
quent in non-donors than donors (all P <
0 022). The mortality rate for the whole
cohort was 9-3/1000 (approximately 1 4/1000/
year), including 13 deceased individuals with
known vascular diseases; 16 others died of
cancer and seven died of other causes but
without concurrent vascular disease.

ASSOCIATION OF BLOOD DONATION WITH
VASCULAR EVENTS
The crude odds ratio for events in whole blood
donors compared with non-donors in the past
10 years was 0 50 (95% confidence interval
(CI) 0-38-0-66; P < 0.001) (table 3). After
adjustment for the five covariates (education
level, physical activity, lipid disorders, hyper-
tension, diabetes mellitus) the adjusted odds
ratio was 0'77 (95% CI 0-57-1-03). The bene-
ficial effect of donation was confined to men
(odds ratio = 0 70; 95% CI 0 48-0 99 v odds
ratio = 0'84; 95% CI 0-51-1-38 for women).
Among men, current cigarette smoking
negated any benefit of donation (odds ratio =
1 01) while past smokers (odds ratio = 0 68)
had a similar event experience as those who
had never smoked (odds ratio = 0 67) (table
3). The benefit of donation was greater in men
with serum LDL cholesterol concentrations
> 160 mg/dl than in those with values < 130
mg/dl, although all confidence intervals were
wide.
Compared with non-donors, there was no

decrease in events in male donors who had not
donated in the most recent three years (odds
ratio = 1 14, 95% CI 0-68-1 92). Among
current donors, the dose response relation was
flat. At three levels of donation over three
years (1-2, 3-5, and > 5 times) the odds ratios
did not differ significantly (odds ratios = 0-21
(95% CI 0.10-0-76), 0*79 (95% CI 0-42-
1-51), 0*50 (95% CI 0-23-1-09), respectively).
No significant effect on events by blood

donation was observed in women (table 3).
No interactions of donation with either smok-
ing or lipid status were observed in women; no
difference was observed between non-donors
and any level of donation. Among women,
29-9% (n = 540) were < 53 years old. The
odds ratio for events in female blood donors
versus similar aged non-donors < 53 years old
was 0-56 (95% CI 0-21-1-52) compared with
0 97 (95% CI 0A50-188) for donors versus
non-donors > 53 years old.

Iron supplementation did not confound the
blood donation effect. The overall crude odds
ratio = 0-60 (95% CI 0 46-0-78) in non-
supplementers compared with 0-36 (95% CI
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0'18-0-73) in iron supplemented people
(Mantel-Haenszel x2 P = 0-18). Nor was
there a consistent effect from red meat con-
sumption (haem iron). The odds ratio for
donation was 0 94 for people with daily meat
consumption, compared with 0-52 for at least
weekly consumption and 0 99 for less than
weekly consumption (Mantel-Haenszel test
for trend P = 0 78).

Discussion
Atherosclerotic lesions are rich in iron and the
gruel from these lesions induces lipid peroxi-
dation.'2 In cultured macrophages there is a
dose-dependent two- to fourfold increase in
lipid peroxidation with iron exposure."3 In ani-
mals, iron increases the suspectibility to oxy-
gen reperfusion damage.'4 Desferrioxamine, a
chelator of iron, protects tissue from oxidation
damage.'5 16 Iron depletion is associated with
strong antioxidant effects.'7
The serum of iron deficient nomads inhibits

lipid oxidation,'8 an effect lost with iron reple-
tion.'9 Across European populations there is a
high degree of correlation between CHD mor-
tality and hepatic iron stores (r = 072).2° The
Nutrition Canada Survey demonstrated a sig-
nificant association between CHD mortality
and serum iron concentrations.2'

Ferritin, a hollow spheroidal protein, is the
major storage site for iron.22 It is found in all
tissues but especially the liver, spleen, and
bone marrow. Because serum ferritin concen-
trations are directly proportional to intracellular
ferritin concentrations, it is currently the best
clinical measure of body iron stores.22 Serum
ferritin concentrations in normal healthy
menstruating women are approximately
half those of men (34-50 v 54-128 jug/l) and
rise substantially, nearly doubling, after
menopause.2324 With blood donation, ferritin
concentrations of men approach those of pre-
menopausal women.

In the Kuopio Ischemic Heart Disease Risk
Factor Study, Salonen and coworkers2' fol-
lowed for three years 1931 randomly selected
men with no symptomatic CHD at entry. The
risk of acute myocardial infarction in men with
serum ferritin > 200 ug/l was 2-2-fold higher
than those with lower serum ferritin (P <
0-01). Using carotid duplex ultrasound,
Kiechl and coworkers26 found a strong associa-
tion between atherosclerosis and serum ferritin
(P < 0-001) in a cross sectional study of 847
Austrians.
Most pertinent to blood donation, Salonen

and associates27 studied the effect of phle-
botomy on the oxidation resistance of serum
lipoprotein in 14 Finnish men with raised
serum ferritin concentrations. After phle-
botomy of 450 mg (500 ml) of blood three
times in 14 weeks, serum ferritin concentra-
tion was reduced from 209 to 74 ug/l with no
change in serum iron. Maximal oxidation
velocity was decreased by 20% (P = 0-032)
and the lag time to start of oxidation was
lengthened by 30% (P = 0 032), demonstrat-
ing increased oxidation resistance with phle-
botomy reduced ferritin concentrations.

Recently, Salonen and coworkers reported
that blood donation reduced the risk of
myocardial infarction by 86% among a
prospective cohort of 2682 Finnish males fol-
lowed for a mean of 5*5 years.28 Infarctions
occurred in one (0 7%) of 153 donors com-
pared with 22 (9 8%) of the non-donors (P <
0o001).

Results of several studies have not sup-
ported the iron hypothesis. The Johns
Hopkins Hospital autopsy registry found less
coronary artery disease in those with
haemochromatosis or haemosiderosis com-
pared with age and sex matched controls.29
Case-control studies have found no significant
association between CHD and serum fer-
ritin.3032
The iron hypothesis suggests that the

antiatherosclerotic effects of blood donation
should be more evident in men because of
their larger iron stores.9 Our results conform
to that prediction. Donation of one unit of
whole blood reduces body iron by about 250
mg.33 In males, donation of one or two units of
blood profoundly lowers serum ferritin con-
centrations to slightly greater than those of
premenopausal women.2' 24 3 Donation pro-
duces a much smaller decrease in serum fer-
ritin concentrations in women."
The lack of effect of donation in smokers, as

observed in the current study, has been
reported by other investigators of antioxi-
dants.34 Interestingly, Salonen and associ-
ates27 demonstrated beneficial effects of blood
letting on serum oxidation in smokers. It is
possible that while smoking does not directly
effect oxidation processes, it blocks the expres-
sion of clinical benefits derived from lessened
oxidation though other mechanisms such as
increased platelet aggregation or endothelial
dysfunction.'6
We observed synergy between blood dona-

tion and raised concentrations ofLDL choles-
terol with the greatest benefit from donation
occurring in non-smoking men with raised
LDL cholesterol. This has been noted in other
studies.'92526 Atherogenesis would be acceler-
ated by the combination of high LDL choles-
terol and high iron concentrations if oxidation
of LDL cholesterol is truly a critical step in
atherogenesis. 4 15

In the current study, donating more than
one or two times over three years resulted in
no further reduction in events. Studies of fer-
ritin concentrations after multiple whole blood
donations reveal a similar effect-that is, fer-
ritin concentrations may not show a dose
dependent reduction associated with the num-
ber of donations by people who give blood reg-
ularly." Thus, in male occasional donors,
ferritin concentrations (and total body iron)
remain at concentrations slightly above those
of premenopausal women. Body iron is tightly
controlled by gastrointestinal absorption of
iron.37 It appears that while absorption
increases at very low ferritin concentrations, it
does not increase in men with concentrations
of 70-80 ug/1.38 Thus, mild to moderate iron
depletion in men, as in women, does not stim-
ulate iron repletion.
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Control of gastrointestinal iron absorption
may explain why neither supplementation
of elemental iron nor consumption of
haem iron (red meat) had significant
effects. In iron replete individuals, gastro-
intestinal iron absorption is virtually nil.37-39
The observational studies that failed to detect
an association between iron intake (either
dietary or supplemental) and cardiovascular
events undoubtedly studied iron replete sub-
jects.40 41
We observed no significant donation effect

in postmenopausal women. As a donation
effect would be expected, it is likely that the
number of women observed in our study was
insufficient to show any effect. A sample of
more than 100 000 women would be neces-
sary to detect a 50% donation benefit with
95% confidence, given the observed event
prevalence of 160 per 1000.

Studies using haemoglobin, haematocrit,
serum iron, transferrin concentrations, or
transferrin saturation have given conflicting
results.39-3 This is not unexpected as none of
these parameters accurately reflect body iron.22
Donation of increasing amounts of whole
blood has no effect on these parameters.232427

Ferritin is an acute phase reactant-concen-
trations increase with inflammation. Several
studies have used a case-control design with
myocardial infarction as the disease indica-
tor.2530 It is possible that these results were
confounded by the inflammation associated
with infarction or other processes. However,
using other disease indicators, three case-con-
trol studies also found a lack of association.31 32
A single prospective cohort study with
myocardial infarct as the indicator examined
ferritin concentrations in 2036 participants
and found no association.34 Studies might fail
to reveal an association if there exists a thresh-
old ferritin concentration for cardiovascular
effects.
Our results may be limited by the lack of

confirmation of vascular events and the timing
of donation relative to the vascular event. We
are confident that coronary bypass surgery,
angioplasty, and endarterectomy were accu-
rately recalled by the participants. Studies of
self reported myocardial infarction compared
with medical records report validation rates of
56-84%, with few false negative reports.44
False positive reports of myocardial infarction
resulted from erroneous reporting of unstable
angina and coronary insufficiency. As these
entities were included in our overall event rate,
any participant misclassification from erro-
neous recall would have no effect on the asso-
ciation of donation with events. Recall bias
from false negative participant responses
would only bias the association towards the
null. That the event preceded blood donation is
unlikely as donation over a 10 year period was
sought and participants were without events at
onset of follow up (five to eight years).
Additionally, participants suffering events
would probably have been prohibited from
donation. The importance of dietary data is
minimal as dietary iron has no major relevance
in iron replete persons.3738

The low mortality rate observed in the
cohort results from the study being restricted
to persons without clinically apparent disease
at entry. Selection of a healthy cohort would
minimise the apparent effect of blood dona-
tion. It is possible that the low event rate
observed also resulted from the loss to follow
up of 889 individuals who, because of retire-
ment or infirmity, may have moved out of
Nebraska. Many of the characteristics differing
among the donors, non-donors, and non-
respondents (sex, exercise, alcohol, systolic
blood pressure, and vitamin supplementation)
did not differ to an important extent. Thus, it is
unlikely that those lost to follow up differed in
their frequency of blood donation or vascular
event rate. Larger differences such as fre-
quency of exercise and prevalence of both
hypertension and diabetes mellitus may influ-
ence the results, although these potential con-
founders were adjusted for in the logistic
model. A more difficult problem is the likely
self selection of healthier persons as donors
who thus have a survival advantage over non-
donors.45 This in part stems from both a prob-
able increased health consciousness among
donors and the institutional prohibition of
unhealthy donors. Our donors consumed
more alcohol, had higher HLD cholesterol,
and lower systolic blood pressure than non-
donors. It is unlikely that the donors were
truly healthier or more health conscious than
non-donors as no important differences were
observed in body mass index, education, ciga-
rette use, concentrations of LDL cholesterol
or triglycerides, use of iron supplements, or
diet. Indeed, donors ate red meat more fre-
quently than non-donors. Nonetheless, we
cannot completely exclude the possibility that
the donor advantage was due in part to selec-
tion of healthier individuals.
We used a prospective approach to study

iron depletion in a large representative sample
of healthy middle-aged and elderly people.
The important covariates such as known car-
diovascular risk factors and dietary intake were
assessed. The results corroborate and extend
observations on the iron hypothesis. The cur-
rent study identified a lack of effect in women
and a flat dose-response relation in men, as
predicted by known effects of blood donation
on stored iron concentrations. The observed
reduction in incident vascular events might be
explained in two ways. Either iron depletion
through blood donation truly effects athero-
sclerosis or blood donation selects healthy
individuals inherently at very low risk for
events. Definitive conclusions require a ran-
domised clinical trial.

CONCLUSION
The impact of this study is potentially three-
fold. First, we have furnished evidence in sup-
port of the iron hypothesis. It follows that the
results may help to explain the lower CHD
rate in women. Finally, we have identified a
reason, beyond altruism, for blood donation-
especially among men. This last point has sig-
nificant public policy ramifications.
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