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FRUITS AS ENVIRONMENTAL MODIFIERS OF IRON STORES

Noncitrus Fruits as Novel Dietary Environmental Modifiers of Iron Stores
in People With or Without HFE Gene Mutations
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HELEN C. BARTHOLOMEW, GRADDIPCOMP; MARK L. DIVITINI, BAPPSC; DAVID G. RAVINE, MD;
DAVID G. BRUCE, MD; AND JOHN K. OLYNYK, MD

OBJECTIVE: To investigate whether citrus fruit, noncitrus fruit, and
other dietary factors act as environmental modifiers of iron status in
the absence or presence of hemochromatotic HFE gene mutations.
PARTICIPANTS AND METHODS: Iron studies, HFE genotypic analyses, and dietary data from a survey conducted from March 21,
1994, through December 15, 1995, were analyzed for a group of
2232 residents (1105 men, 1127 women) aged 20 to 79 years
recruited from the community electoral roll of Busselton in Western Australia. Data were analyzed by linear regression analysis
and analysis of covariance.
RESULTS: Higher levels of fresh fruit intake (excluding citrus fruits
and citrus juices) had a significant protective effect (P=.002)
against high body iron status as gauged by ferritin levels in men,
irrespective of HFE genotype. Consumption of 2 or more pieces of
fruit per day on average reduced mean serum ferritin levels by 20%
compared with average consumption of less than 1 piece of fruit
per day. This effect was not observed in women. Consumption of
citrus fruits and citrus juices had no significant effects in either
sex. No protective effects were observed for tea consumption or
any other dietary factors studied. Red meat and alcohol consumption correlated with high body iron stores (P<.05), consistent with
previous studies, but did not interact with fruit with regard to
effects on serum ferritin (P>.05).
CONCLUSION: Noncitrus fruits are environmental modifiers of iron
status independent of HFE genotype. This could have important
implications for the provision of evidence-based dietary advice to
patients with other iron-storage disorders.
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BMI = body mass index; HH = hereditary hemochromatosis
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ereditary hemochromatosis (HH) is a common autosomal recessive disorder characterized by inappropriate control of iron absorption, resulting in excess accumulation of iron in organs such as the liver, heart, and
pancreas, which can eventually lead to organ dysfunction.1-4
Hereditary hemochromatosis affects approximately 1 in
200 people and has a carrier frequency on the order of 1 in
10 individuals of northern European descent.3,4 The gene
most commonly implicated in HH is the HFE gene on
chromosome 6.5 Most cases of HH are caused by a homozygous mutation in the HFE gene that results in a
C282Y mutation of the HFE protein. A second HFE gene
mutation, H63D, can also contribute to HH, usually only if
present in conjunction with the C282Y mutation.1-4
A recent systematic review estimates 10% to 33% of
C282Y homozygotes develop hemochromatosis-associMayo Clin Proc.
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ated morbidity (fibrosis or cirrhosis) or other clinically
relevant symptoms.3 Liver damage increases the risk of
potentially fatal consequences, such as hepatocellular carcinoma, but can be prevented or even, if not too advanced,
reversed by reduction of iron load.6 Thus, it is of value to
identify lifestyle factors that help reduce iron levels.
Few studies of dietary factors and iron status have considered the HFE genotype. Two European studies found
heme iron consumption was associated with higher serum
ferritin levels in compound heterozygous or C282Y-homozygous women.7,8 For editorial
In contrast, 2 Australian studies9,10 comment,
found no significant interactions of red see page 526
meat with HFE genotype for either sex.
Similar results were obtained in a study of HH in Welsh
families by McCune et al11; intriguingly, these researchers
observed that fresh fruit intake protected against iron overload in individuals genetically at risk. This finding, which
is potentially important not only for those with HH but also
for the many people at risk of iron overload from other
causes, requires validation in other populations, particularly as it is inconsistent with other reports that fruit intake
had no effect on iron measures in middle-aged women12 or
that fruit increases dietary iron uptake.13,14
One possible source of discrepancy is that different
fruits can affect gastrointestinal iron absorption differently
depending on citric and ascorbic acid content.15 Orange
juice has been associated with increased uptake of dietary
nonheme iron, prompting suggestions that the citric acid
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ally or synergistically to increase iron uptake,16 possibly in
combination with other organic acids present in fruit, such
as malic acid.14,16 McCune et al11 did not investigate citrus
fruits separately from other fruits.
To assess whether fruit might be an environmental
modifier of iron status and to provide information on the
effects of fruits and other dietary factors, we investigated
associations between consumption of citrus and noncitrus
fruits and other dietary components, HFE genotype, and
serum ferritin in a group of 2232 Australian community
residents.
PARTICIPANTS AND METHODS
Residents of the town of Busselton, Western Australia,
have participated in repeated cross-sectional health surveys
since 1966. The population is predominantly of AngloCeltic ancestry. From March 21, 1994, through December
15, 1995, all surviving participants of earlier cross-sectional
surveys, who had been recruited from community electoral
rolls, were invited to participate in a follow-up survey. Of
10,076 eligible participants, 7711 (76%) were contacted; of
these, 4831 (63%) completed a questionnaire, attended the
clinic, and provided a blood sample.17,18 After exclusions,
complete data on HFE genotype and relevant dietary information, including alcohol consumption levels, were available for 2232 participants aged 20 to 79 years (1105 men,
1127 women).
Written informed consent was obtained from all participants. The mortality and hospital morbidity linkage was
approved by the Confidentiality of Health Information
Committee of Western Australia, and all protocols and
analyses were approved by the Human Research Ethics
Committee of the University of Western Australia.
The current analyses are restricted to people at least 20
years old when surveyed. Pregnant women were excluded
from the analyses because pregnancy can substantially alter both iron status and dietary patterns temporarily. People
with body mass index (BMI) under 16 (ie, possibly malnourished) were also excluded. Because alcohol consumption influences serum ferritin levels within the Busselton
population,19 people who reported alcohol consumption but
failed to report an amount (17 men, 23 women) were also
excluded.
STATISTICAL ANALYSES
Serum ferritin levels and C282Y and H63D mutations of
the HFE gene were determined as previously described
from a fasting blood sample at the time of survey.17 Analysis of 9 randomized controlled trials by the US Centers
for Disease Control and Prevention recently validated serum ferritin level as an appropriate indicator of population
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responses to factors influencing iron status.20 Inspection
showed the distribution of ferritin values to be skewed,
hence it was transformed logarithmically for analyses.
However, to facilitate interpretation, ferritin levels are
presented in tables as back-transformed mean values, on
the original scales. Linear regression analyses of logarithmically transformed (ln) ferritin on diet and other variables were performed using the General Linear Model
Procedure in the SAS statistical software, version 9 (SAS
Institute, Cary, NC). Each diet variable was analyzed separately for an association with ln (ferritin) in men and women.
The comparison of mean ln (ferritin) across the levels of the
diet variable was assessed using an overall analysis of covariance F test (with degrees of freedom being 1 less than
the number of levels) after adjustment for age only and
then again after further adjustment for the following potential confounders: BMI, history of ulcer, doctor-diagnosed diabetes, anemia defined using World Health Organization criteria of hemoglobin less than 13.0 g/dL for
men and less than 12.0 g/dL for women (to convert to g/L,
multiply by 10), blood donation, menopausal status, hysterectomy, and HFE genotype.
Because there was very little difference between ageadjusted and multivariate-adjusted P values, only multivariate-adjusted P values and multivariate-adjusted means
are presented. Raw (unadjusted) mean ferritin levels for
each diet variable are presented for comparison. Groups
were classified according to HFE genotype as follows: (1)
carriers of homozygous C282Y and compound heterozygous C282Y/H63D, (2) carriers of any C282Y or H63D
allele, and (3) those with no C282Y or H63D alleles. Height
was measured while participants were barefoot by stadiometer. Weight was measured with participants in light underclothes. The BMI, reported to be positively correlated
with serum ferritin levels in HFE wildtype patients,9 was
derived as the weight in kilograms divided by the square of
the height in meters.
We investigated the interaction between HFE genotype
and each dietary variable to see whether the variable’s
effect on ferritin was associated with various HFE genotypes. We also investigated the possibility of interactions
between alcohol or red meat and fruit consumption.
RESULTS
Characteristics of the group with respect to age, BMI, and
confounders, as well as with respect to the HFE C282Y and
H63D mutations, are summarized in Table 1. The frequencies of the HFE C282Y and H63D mutations in this group
are similar to those reported previously for the Busselton
population17 and other populations of northern European
descent.3,4
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IRON MEASURES
Table 2 shows the age trends in serum ferritin levels.
Overall, the average serum ferritin level increased with age
for both sexes, consistent with past literature.21,22 All analyses were therefore performed on age-adjusted data. In addition, information available on a range of potential confounding variables was used for multivariate adjustments.
Table 3 shows the specific questions we asked about
each diet variable and gives the unadjusted and multivariate-adjusted means for serum ferritin and P values in relation to each of the diet variables for men and women. The
findings after multivariate adjustment of data were similar to
those obtained after age adjustment only (data not shown)
and are summarized below.

TABLE 1. Characteristics and HFE Genotype of the Study Groupa
Characteristic
Age (y), mean ± SD
BMI,b mean ± SD
History of ulcer (duodenal, gastric, peptic)
Physician-diagnosed diabetes
Anemia by WHO criteria
Donated blood at least once
Postmenopause
Had hysterectomy
HFE genotype
Group 1 (C282Y/C282Y or
C282Y/H63D)
Group 2 (other C282Y or
H63D genotypes)
Group 3 (no C282Y or H63D alleles)

Men
(n=1105)

Women
(n=1127)

50.6±14.9
26.6±3.3
166 (15.0)
51 (4.6)
25 (2.3)
421 (38.1)
NA
NA

51.6±14.8
25.7±4.6
107 (9.5)
59 (5.2)
52 (4.6)
348 (30.9)
598 (53.1)
233 (20.7)

28 (2.5)

29 (2.6)

442 (40.0)
636 (57.5)

431 (38.2)
667 (59.2)

a

CONSUMPTION OF FRUITS AND VEGETABLES
Higher fresh fruit intake, excluding citrus fruits and citrus
juices, was associated with significantly reduced serum
ferritin levels in men for both age-adjusted and multivariate-adjusted values (P=.002, Table 3). Adjusted mean ferritin levels were reduced with consumption of 7 or more
pieces of fruit per week, with the lowest mean and adjusted
mean ferritin levels seen with consumption of 14 or more
pieces of fruit per week (Table 3) (ie, 2 or more pieces of
fruit daily on average). This level of consumption was
associated with a reduction of approximately 20% below
the mean value of approximately 180 µg/L (to convert to
pmol/L, multiply by 2.247) of ferritin seen in the groups
consuming 0 to 6 pieces of fruit per week (ie, <1 piece of
fruit daily on average). No significant effects of any kind
(P>.1) were observed for fresh fruit consumption in
women (Table 3). Consumption of citrus fruits and citrus
juices (specifically orange and grapefruit) did not confer
protective effects, with no significant effects on serum
ferritin levels in either sex (Table 3). Consumption of
vitamin C alone or as part of a multivitamin supplement did
not affect serum ferritin levels in either sex (P>.1, data not
shown).
In general, consumption of potatoes, other cooked vegetables, or salads had no substantial effects on serum ferritin levels in either sex whether adjusted for age only or for
age and other variables. Significant but marginal decreases
of 10% or less in serum ferritin levels after multivariate
adjustment were observed among women but not men with
lower consumption of cooked vegetables (Table 3).
A total of 15.3% of premenopausal women had iron
deficiencies (ferritin <15 µg/L) with or without anemia.
We examined whether protective effects might be restricted to postmenopausal women not protected from iron
overload by iron loss through menstruation; however,
noncitrus fruit had no significant effect on serum ferritin
levels in postmenopausal women (P=.99). The data do not
Mayo Clin Proc.
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Continuous variables are expressed as mean ± SD; categorical variables
are expressed as number (percentage). BMI = body mass index; NA =
not applicable; WHO = World Health Organization.
b
Calculated as the weight in kilograms divided by height in meters
squared.

allow us to assess potential effects in postmenopausal
C282Y-homozygous women.
CONSUMPTION OF ANIMAL PRODUCTS (RED MEAT, LIVER AND
OFFAL, EGGS)
Consumption of red meat was high; approximately 75% of
men and 65% of women consume red meat 4 times or more
a week. As expected, for both men and women, higher consumption frequency was significantly associated with multivariate-adjusted mean serum ferritin levels. Significant associations were also observed when data were adjusted for age
only. Consumption of liver or kidney was generally associated with higher mean serum ferritin levels in both sexes but
failed to reach significance (set at P<.05) (Table 3).
Because red meat consumption was associated with
higher mean serum ferritin levels, we examined whether the
lower levels seen with high fruit consumption might have
been due to people with greater fruit consumption consuming less red meat. The proportions of both men and women
TABLE 2. Serum Ferritin Levels, Stratified by Sex and Age
Men

Women

Age (y)

No.

Geometric mean
(µg/L)a

No.

Geometric mean
(µg/L)a

20-29
30-39
40-49
50-59
60-69
70-79
Total

89
221
238
216
215
126
1105

129.6
178.0
180.0
170.2
162.9
137.7
164.6

93
191
238
234
221
150
1127

41.3
45.6
38.8
80.3
90.2
83.7
60.9

a
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TABLE 3. Unadjusted and Multivariate-Adjusted Means for Ferritin Levels in Relation to Dietary Variables, Stratified by Sex

Dietary consumption and level of ingestion
How many times per week do you eat oranges or
grapefruit or drink the juice of these citrus fruits?
0
1-3
4-6
≥7
How many pieces of other kinds of fresh fruit
do you eat each week?
0-3
4-6
7-13
≥14
How many times per week do you eat potatoes
with your meal?
0-3
4-6
≥7
How many times per week do you eat other
cooked vegetables with your meal?
0-3
4-6
≥7
How many times per week do you eat salads?
0-3
4-6
≥7
Do you take vitamin C alone or in multivitamins?
No
Yes
How many times per week do you eat red meat?
(hot, cold, in sandwiches)
0-3
4-6
≥7
Do you eat liver or kidney each week?
No
Yes
How many eggs do you eat weekly?
0-1
2-3
≥4
How many cups daily?
Tea
0
1-3
≥4
Coffee
0
1-3
≥4
Alcohol consumption in g/wk
Nondrinker
Ex-drinker
≤140
141-420
>420
a
b
c

Men
Adjustedb
mean
(µg/L)a

No.

Unadjusted
mean
(µg/L)a

214
376
223
292

173.0
160.0
176.0
156.2

168.5
158.4
173.8
162.9

294
224
341
246

183.6
181.2
155.9
142.6

179.6
179.9
159.6
142.6

243
622
240

151.5
169.2
166.5

149.2
169.4
168.5

86
557
462

176.5
167.0
159.6

173.4
164.5
163.0

651
308
144

164.3
165.9
161.6

907
198

Women
Adjustedb
mean
(µg/L)a

P
valuec

P
valuec

No.

Unadjusted
mean
(µg/L)a

.54

229
387
240
271

64.8
56.8
59.3
65.6

63.9
59.8
58.5
62.5

.65

.002

193
191
413
330

56.9
64.0
59.0
64.2

63.2
63.4
59.2
60.4

.75

.10

297
622
208

54.4
61.1
71.2

61.3
60.3
62.5

.87

.81

94
529
504

48.7
56.3
69.0

58.8
57.0
65.8

.031

162.9
164.8
170.6

.82

605
340
182

60.4
59.4
66.1

60.1
61.3
63.3

.76

166.8
154.7

166.4
156.5

.33

817
310

60.5
62.2

60.0
63.4

.35

266
466
373

141.2
165.2
182.8

144.9
163.4
181.8

.002

380
542
205

50.2
67.7
66.0

50.5
67.0
67.0

<.001

1074
31

163.3
215.5

163.5
208.1

.09

1095
32

60.3
88.4

60.5
78.2

.10

307
441
357

156.2
165.6
170.7

156.4
165.3
171.0

.35

421
502
204

60.1
60.9
62.8

62.8
59.4
61.1

.62

289
477
339

163.2
171.5
156.3

164.5
171.4
155.4

.23

256
497
374

50.9
63.1
65.9

58.1
64.3
58.6

.17

334
552
219

163.3
170.0
153.5

162.9
170.4
153.1

.23

368
575
184

58.6
63.4
58.4

58.7
62.1
61.9

.61

41
73
535
373
83

117.6
134.0
153.0
184.8
221.0

122.1
133.3
153.3
185.5
212.0

<.001

95
118
816
93
5

64.1
64.3
58.3
75.7
168.1

53.5
56.5
60.4
79.9
133.7

.003

SI conversion factor: To convert ferritin values to pmol/L, multiply by 2.247.
Adjusted for body mass index, history of ulcer, doctor-diagnosed diabetes, anemia, blood donation, menopausal status, hysterectomy, and HFE genotype.
P values apply to the overall test of no differences across the levels of the diet variable.
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consuming on average 2 or more pieces of fruit a day were
slightly lower in the group consuming the most red meat (7
or more times per week) than in the group consuming the
least red meat (0-3 times per week): 21% vs 29% for men
and 23% vs 34% for women, respectively. However, there
was no evidence that red meat and fruit interacted in their
effects on serum ferritin levels (men P=.41; women P=.12).
In other words, the magnitude of the effect of fruit intake on
serum ferritin was the same regardless of the level of red
meat consumption and vice versa.
We also examined whether the effect of fruit consumption on ferritin levels is confounded by meat intake. After
adjustment for meat consumption, the effect of fruit consumption on ferritin remained significant in men (P=.002)
and continued to be nonsignificant in women (P=.71).
Therefore the strong effect of fruit consumption on ferritin
levels in men is not explained by ingestion of red meat.
Egg yolk can inhibit iron uptake.23 Approximately a
quarter of the group (32.9 % of men and 17.5% of women)
ate 4 or more eggs a week; however, no significant effects
or trends of any kind were seen in effects on iron status (all
P values >.1, data not shown).
TEA AND COFFEE
Consumption of polyphenol-containing beverages, including both tea and coffee, might inhibit iron absorption, as
reviewed previously.16,23,24 Coffee also has ferritin-reducing
antioxidant activity that might reflect the presence of chlorogenic acids25 and could lead indirectly to changes in iron
status. However, we found no significant effects or trends
of any kind in the effects of tea or coffee consumption on
serum ferritin levels in either sex, irrespective of age adjustment or multivariate adjustment (all P values >.1).
ALCOHOL
Consistent with our previously reported study in the
Busselton population9,19 and other previous reports,26 current data showed significantly higher serum ferritin levels
with higher alcohol consumption in both men and women,
and this was independent of HFE genotype. There were no
significant interactions observed between fruit consumption and alcohol intake (P>.1). The effect of fruit on ferritin
levels was the same regardless of alcohol consumption for
both men and women.
INTERACTIONS BETWEEN DIETARY FACTORS AND HFE MUTATIONS
Of the 12 dietary factors examined, the only one found to
have a significant interaction with HFE genotype on serum
ferritin levels was alcohol consumption in women (P=.04).
As many interactions were tested, this result could be a
false-positive finding and requires confirmation in other
studies.
Mayo Clin Proc.
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DISCUSSION
Our results confirm that greater fruit consumption can reduce body iron stores, gauged by serum ferritin levels, as
found in a UK study of relatives of probands with HFE
C282Y mutations.11 Our community-based study extends
this finding to show that effects of fruit consumption may
be significant across all men and not restricted to C282Y
mutation carriers. The protective effect of fruit is therefore potentially relevant to other important iron-overload
conditions that do not involve HFE mutations, including
thalassemia and sickle cell anemia. Approximately half of
β-thalassemia major patients die before age 35 years, predominantly from iron-induced heart failure.27 Dietary modification might assist in optimizing dose regimens for new
iron chelators now coming on the market to allow safer,
more effective management of iron load.
In contrast to the effect seen in men, intake of noncitrus fruit did not correlate with serum ferritin levels in
women. Intake of citrus fruits or citrus fruit juices did not
correlate with serum ferritin levels in either sex. No other
dietary factor examined reduced serum ferritin levels. Consistent with previous studies,9,19 increases in serum ferritin levels independent of HFE mutations occurred with
greater consumption of alcohol and red meat. However,
the strong effects of fruit intake on serum ferritin levels in
men were independent of consumption of either alcohol
or red meat.
Various fruit components (eg, fructose, fructo-oligosaccharides, fiber, complex carbohydrates, polyphenols, citric
and ascorbic acids) have been investigated for effects on
iron measures, but studies have been small and results
inconclusive. The most consistent findings are probably for
iron-binding polyphenols and oxalates, which inhibit
nonheme iron absorption and are present in many noncitrus
fruits and beverages such as tea and coffee.28-33 However, as
noted above, no effects were observed for tea and coffee in
our study, suggesting other factors found specifically in
fruit might also be involved.
Two laboratory-controlled studies of humans found
people fed fructose had higher fecal excretion of iron and
magnesium than those fed sucrose.34 This could have reflected diarrhea; however, one rodent study found dietary
fructose lowers ferrous iron absorption by lowering iron
concentrations in the liquid phase of the intestinal lumen,
reducing absorption.35 Other researchers report no effects
of fructose36 or complex carbohydrate and fruit and vegetable fiber37-40 or (alternatively) that fructose and fructooligosaccharides, especially if fermented, increase iron absorption in rodents or humans.41-44 Variability arises from
numerous factors, including whether single meals or the
whole diet are examined, whether iron consumption occurs
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with or between meals, meal composition, and assessment
methods used to estimate intake.
Although a model has been proposed in which greater
fruit intake is associated with increased iron uptake and
higher body iron stores,13,14,16 other large studies have provided little support for this,45 and few studies have analyzed
HFE genotype, have distinguished citrus from noncitrus
fruit consumption, or have examined large cohorts over the
broader age ranges examined in our study and the Welsh
study by McCune et al.11 Orange juice is arguably the most
commonly consumed food in Western countries that has
been associated with increased uptake of dietary nonheme
iron, probably reflecting its high ascorbate and citrate content.14,16 Both the ascorbic acid and the citric acid content of
a fruit correlate with its ability to increase iron uptake,15 as
reviewed elsewhere,23 and both might reduce inhibition of
nonheme-iron absorption by polyphenols.46 However, neither our study nor that of McCune et al11 found any consistent effects of self-reported dietary vitamin C supplementation on iron status.
Rodent studies suggest a complex interplay between dietary iron, body iron status, and genetic factors in controlling
gastrointestinal iron uptake.47-49 Most studies suggest the
body normally regulates iron absorption tightly despite fluctuations in availability. The influence of dietary factors on
iron status is thought to be inherently limited in most physiologic circumstances; however, dietary factors might have
greater influence in some pathologic conditions, including
inadequate dietary iron intake or HH, and in some middleaged or elderly people with high intakes of red meat or other
dietary factors associated with iron loading.12,21,22,29,50 Four of
the largest population studies to date, including the current
study, all suggest dietary factors can influence iron status
(positively or negatively) in people genetically at risk as well
as in other groups.7,8,11 A combined strategy of increasing
fruit consumption in conjunction with limiting consumption
of alcohol and red meat can increase benefits. Other dietary
factors not examined here could also have effects. Conversely, it might also be relevant to investigate potential
implications for groups at risk of iron deficiency.
McCune et al11 found blood donation was one of a group
of variables of borderline significance (.05<P<.1), so blood
donation might protect against high serum ferritin levels in
people at risk of HH. Our finding regarding fruit, obtained
after adjustment for “ever having donated blood,” is not
due solely to blood donation. However, the data do not
allow us to examine the degree of protection among men
who consume high levels of fruit and have frequently or
recently donated blood. High fruit consumption might benefit men whose iron levels are not well controlled by blood
donation or might reduce the frequency of phlebotomy
required to manage iron levels.
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Increased fruit consumption could have benefits beyond
those of reducing iron levels. Fructose might protect cells
against oxidative injury by chelating iron.51 Polyphenols
might have antioxidant and anti-inflammatory properties.31,52,53 Lowering serum ferritin levels could have benefits beyond reducing hemochromatosis risk, because serum ferritin levels correlate with hepatic fat and insulin
resistance.54-56
Limitations of the study include the potential for inaccuracy in self-reported dietary values and the many possible
confounders that can affect outcomes in epidemiological
studies of this kind. We are unable to determine from the
available data whether the protective effect seen in men but
not women reflects sex differences in a dietary factor not
examined in our study, inherent sex differences in iron
handling, or some other sex difference. Well-powered
studies in other large populations are needed to address all
these issues.
CONCLUSION
Noncitrus fruits are environmental modifiers of iron status
in men, independent of various other dietary constituents
and of HFE genotype. Besides potential health benefits in
patients with HH, this observation could have broader public health utility, particularly for countries in which ironoverload disorders occur frequently. Our findings have
relevance for health campaigns directed at people at risk of
iron overload. Their effectiveness could be increased by
including promotion of healthy diet choices (high fruit
consumption with reduced consumption of red meat and
alcohol) in addition to highlighting the benefits of blood
donation if appropriate to the clinical circumstances.
We thank the Busselton Population Medical Research Foundation and the community of Busselton, Western Australia.
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