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A decrease in iron status in young
healthy women after long-term daily
consumption of the recommended
intake of fibre-rich wheat bread

Contributors: ABAJ, ADT, BS and MH co-de-
veloped the study design. ABAJ was involved
in the subject recruitment and data collec-
tion under the supervision of MH. All au-
thors were involved in the interpretation of
the results. MBK, IT and MH wrote the first
draft. MBK and IT co-refined it into the final
draft after contributions from all authors.

Summary Background Fibre-
rich bread and cereals are included
in the recommendations of a
healthy diet. Objective To measure
the effects of long-term consump-
tion of the recommended intake of
fibre-rich wheat bread on the iron
status of young healthy women
with adequate iron stores. Design
Four-months intervention study
including healthy female subjects
assigned into two groups provided
daily with 300 g of fibre-rich wheat
bread, prepared with or without
phytase as a supplement to their
habitual diet. Subjects Forty-one
women aged 24.8 + 3.8 years (mean
* SD) and an average BMI of
22.0 £2.9 kg/m? participated. Base-
line values for serum ferritin were
45 ug/L, 22-83 (geometric mean,
range) and for haemoglobin 132

g/L, 119-148 (arithmetic mean,
range), respectively. Results Distri-
bution of energy intake from pro-
tein, fat and carbohydrate, and
daily intake of dietary fibre and
iron were similar in the two groups
and within the recommended lev-
els. There was no effect of the phy-
tase added to the wheat bread on
the iron status of the subjects, but
an effect of the intervention pe-
riod. Serum ferritin and haemoglo-
bin levels were significantly re-
duced by 12 £ 1.1 pg/L (27 %)
(P<0.001) and 2+0.8 g/1 (1.5%)
(mean * SE) (P <0.05) respectively,
after four months of intervention.
Conclusions The present long-term
study indicates that consumption
of the recommended daily intake of
fibre-rich wheat bread results in an
impairment of iron status in
women with initially sufficient iron
stores. Reduction of the phytic acid
concentration in the bread was not
sufficient to maintain iron status.

Key words haemoglobin -
serum ferritin - phytic acid -
dietary fibre - wheat bran

IP;  Inositol pentaphosphates
IP,  Inositol tetraphosphates
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Introduction

Epidemiological studies have identified correlations be-
tween habitual consumption of whole grain cereals and
reductions in prevalence of certain lifestyle diseases
[1-3].Whole grain cereals are universally recommended
as part of a healthy diet since they are valuable sources
of nutrients due to their contents of dietary fibre, vita-
mins, minerals and phytochemicals. The Nordic Nutri-
tion Recommendations (NNR) recommend an intake of
approximately 3 g of dietary fibre/M] for adults [4], the
Danish Veterinary and Food Administration advises a
daily intake of 250-300 g of fibre-rich bread and cereals
daily [5] and “Dietary guidelines for Americans, 2000”
advise an intake of several servings of whole grain foods
daily [6]. Despite an extensive search for the identifica-
tion of health-related mechanisms of a diet rich in whole
grains, very few studies have investigated possible ad-
verse health effects when following the dietary recom-
mendations.

Sandstrom (1993) evaluated the effects on iron stores
in healthy male and female subjects of an eight-month,
completely controlled, low-fat, high-fibre diet, com-
posed in accordance with the official recommendations
of the NNR. The intervention diet resulted in a decrease
in total iron intake and an increase in vitamin C intake.
The long-term intervention study resulted in a reduc-
tion in serum ferritin in the majority of the subjects,
with a median decrease of 30 ug/L in men and 11 ug/L in
women.

Iron deficiency and iron deficiency anaemia affects
more than 3.5 billion people in the developing world [7].
In industrialised countries especially women of child-
bearing age have a low iron status and a relatively high
prevalence of iron deficiency and iron deficiency
anaemia [8, 9], whereas males in general have a satisfac-
tory iron status with a low frequency of iron deficiency
[10]. Two recently published studies have found associ-
ations between body iron stores and the risk of develop-
ing type 2 diabetes in a prospective nested case-control
study, Nurses’ Health Study [11] and possible relations
between iron stores and cardiovascular diseases in a
population-based study, Study of Health in Pomerania
[12].

Approximately 40% of premenopausal Danish
women have serum ferritin levels <30 pg/L, indicating
absent stainable bone marrow haemosiderin iron and
thus low iron stores [9, 13, 14].

Wheat bran and whole grain wheat flour have a
higher iron content compared with flour from refined
grains, but concomitantly whole grains have a high con-
centration of phytic acid. Even small concentrations of
phytic acid have been shown to reduce non-haeme iron
absorption from the diet [15, 16], whereas an intake of
vitamin C enhances non-haeme iron absorption [17]. It
is therefore the composition of the diet as a whole that

influences the bioavailability and utilisation of the iron
present in the diet.

Diets rich in whole grains and dietary fibre result in
a reduced bioavailability of dietary non-heme iron
mainly due to the concomitant increased intake of
phytic acid. Knowledge of the inhibitory effect of phytic
acid on iron absorption is primarily based on single
meal studies where the iron absorption outcome is as-
sumed to reflect long-term effects on iron status
[17-20]. However, the difference in iron absorbed from
a diet rich in inhibitors or enhancers is smaller when
measured from the whole diet compared to a single meal
[21-23]. Thus long-term studies seem to a greater extent
to reflect possible adjustable mechanisms of iron ab-
sorption.

It has been suggested that increasing the bioavail-
ability of iron from cereals and whole wheat may be
achieved by a reduction of the phytic acid content [20,
24], which may be obtained by fermentation of the
dough with sourdough or by addition of phytase during
the preparation of the dough.

Therefore the aim of the present study was to mea-
sure the effects of long-term consumption of the recom-
mended intake of fibre-rich wheat bread on the iron sta-
tus of healthy young women with adequate iron stores.
An objective was to study a possible effect of addition of
phytase, produced from Aspergillus niger, to the dough
during bread processing in improving the iron status of
the subjects.

Subjects and methods
Subjects

A total of 107 women were screened and 47 were se-
lected after having provided a screening blood sample
showing serum ferritin >20ug/L and haemoglobin
>120 g/L. Six subjects dropped out of the study, five
from the wheat bran bread group and one from the
wheat bran bread + phytase group, all stating that the
daily bread intake was too high. The 41 women who
completed the study (wheat bran bread group, n=18,
and wheat bran bread + phytase group, n=23) had an
average age of 24.8+3.8 years (19-37) (mean + SD,
range) and an average BMI of 22.0 £ 2.9 kg/m? (17-32).
All were non-smokers, not pregnant or lactating nor ex-
ercising heavily. The subjects did not take any medica-
tion or vitamin, mineral or other supplements, were not
diagnosed with any type of chronic inflammation and
hat not donated blood during or at least two months
prior to the study. Twenty-two subjects took oral con-
traceptives throughout the study, 12 in the phytase
group and 10 in the control group. The subjects were
randomised into the two groups, according to their
screening values of serum ferritin and use of contracep-
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tives to ensure that the two groups were as homoge-
neous as possible.

All participants were informed, orally and in writing,
about the study. Written consent of participation, stating
that the subject participated voluntarily and was free to
withdraw from the study at any time, was obtained be-
fore enrolment. The study protocol was approved by the
Ethics Committee of Copenhagen and Frederiksberg
(authorisation number (KF) 01-387/96).

Study design

Subjects were provided daily with 300 g of fibre-rich
wheat bread as a substitute for part of their habitual diet
for a period of 16 weeks and received either bread pre-
pared without phytase (wheat bran bread group) or the
same bread prepared with phytase (wheat bran
bread + phytase group). The subjects collected bread
once a week at the Department of Human Nutrition.

After nine weeks of intervention, the subjects carried
out a three day weighed food record. The subjects were
provided with a digital weighing scale and were in-
structed to weigh and record all foods and drinks dur-
ing two predetermined weekdays and one weekend day.
Nutrient values were calculated using the Dankost
2000® dietary assessment software (National Food
Agency of Denmark, Soeborg, Denmark).

Compliance was evaluated by feedback from partici-
pants during their weekly visit to the department for
collecting bread. All subjects were encouraged to inform
the staff of any problems or discomfort due to the large
quantity of bread.

Subjects donated three blood samples both at base-
line and at the end of the study and all three were taken
within one week. After eight weeks of intervention, one
blood sample was taken. All blood samples were drawn
from the cubital vein after 12 hours of fasting and an ad-
ditional 10 minutes rest in the supine position. Haemo-
globin and serum ferritin levels were determined in all
samples. In order to prevent artificially high serum fer-
ritin values due to infections, the subjects were told to
report any sign of infection at the time of blood sam-
pling. In the case of infection, blood sampling was post-
poned until 14 days after the end of the infection as
judged by the subject. Subjects’ individual weight was
recorded at baseline and at the end of the intervention
period, using the same digital weight.

Composition and preparation of the bread

All wheat bread was prepared at Schulstad Bread A/S
(Hvidovre, Denmark) and stored at -18 °C until col-
lected by the subjects. The bread consisted of 32 % white
wheat flour, 11% whole wheat flour, 8% wheat bran

(particle size: 1.2mm - 0.6 mm), 3% specially formu-
lated flour, 1.6 % sugar, 1.1 % salt, 1.9 % yeast, 1.8 % sun-
flower oil, 40 % water, with or without 2500 phytase unit
(PTU)/100g (Aspergillus Niger phytase produced from
Aspergillus Oryzae NOVO-L (Novo Nordisk A/S,
Bagsvaerd, Denmark) added together with the other in-
gredients. The dough was prepared in 73 minutes (mix-
ing time 6 minutes, rising time 12 minutes at 22 °C and
55 minutes at 36 °C) and baked for 32 minutes (the oven
temperature reached 70 °C after 16 minutes and 220 °C
as final baking temperature). Bread pH was 5.6 and op-
timum pH value for the phytase was between 5.0 and 5.5
(activity range of pH 2.5-6.0), and optimum tempera-
ture was between 50 and 55 °C (activity range 25-70 °C).
Each type of bread was baked in 3 batches.

Chemical analyses

A sample from each batch was collected in acid-washed
polyethylene containers, freeze-dried, homogenised and
analysed in duplicate for phytic acid, iron and calcium.
A HPLC method was used to determine both total and
subclasses of phytic acid [25]. Iron and calcium were
analysed in duplicates by atomic absorption spec-
trophotometry (SpectrAA-200, Jonathan Mofft, VAR-
IAN, Techtron pty-Limited, Schweiz Mulgrave, Victoria,
Australia) after wet washing with nitric acid. Reference
materials (Iron BCR 184 lyophilised Bovine Muscle and
Calcium total diet NIST Standard Reference Material
1548) were analysed in the same run as the bread sam-
ples. An iron content of 79.0 pg/g (certified value: 79
pg/g) and a Ca content of 2.0 mg/g was found (certified
value: 1.7 mg/g).

At each blood sampling, 5ml blood was drawn in
EDTA coated glass for haemoglobin analysis and 5ml in
dry glass for ferritin analysis. Haemoglobin was deter-
mined on Cobas Minos (Roche, ABX, Park Euromedi-
cine, Montpellier, France). Blood samples were cen-
trifuged at room temperature for 15 min at 3000 x g for
ferritin analysis. Serum was frozen at -20 °C before
analysis. Serum ferritin was determined by nephelome-
tery using the N Latex Ferritin™ kit (Dade Behring Mar-
burg GmbH, Marburg, Germany). The kit was calibrated
according to the World Health Organisation (WHO) In-
ternational Human Ferritin Standard 80/578. In the con-
centration range 36-620 ug/L, the within assay repro-
ducibility (coefficient of variation) was 1.0-4.6 % and
the between assay variation (total assay variation)
1.6-5.1%.

Statistics

Sample size of the wheat bran bread group and the
wheat bran bread + phytase group was calculated from
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results of serum ferritin concentrations measured at the
Institute of Human Nutrition (unpublished data). To
obtain a power of 80 %, 18 subjects are needed to detect
a difference in serum ferritin of 10 pug/L at a SD of 10,
since the original hypothesis was to observe a difference
between the wheat bran bread group and the wheat
bran bread + phytase group. Differences in iron status
from baseline and after two and four months of inter-
vention for the two groups individually and for the two
groups as one, were examined by a repeated measure-
ment analysis of variance using the Statistical Analysing
System (SAS) software package, version 8.2 (SAS insti-
tute, Cary NC). The SAS procedure MIXED was used
with treatment, time and treatment X time interaction
as dependent fixed variables and a covariance structure
of compound symmetry. An average of the three blood
samples was used at baseline and after four months of
intervention. Significance was set at P<0.05. Homo-
geneity of variance and normal distribution were in-
vestigated by plots and histograms of residuals.
Shapiro-Wilk’s test for normal distribution was per-
formed and showed that it was necessary to log-trans-
form values for serum ferritin, but not for haemoglo-
bin. Least square means and standard errors were
estimated and transformed back where necessary be-
fore presentation.

Results

All subjects remained weight stable throughout the
four-month study period. Compliance to the dietary in-
tervention, judged by the feedback by the subjects dur-
ing their visits to the department, was high. The content
of inositol tri-, tetra-, penta- and hexaphosphates (X
IP5_6), (2. IP5_¢), iron and calcium and the molar ratio of
phytic acid:iron are listed in Table 1. Values of the three
batches of bread did not differ. The content of Y, IP5_¢
and Y. IPs_¢ was significantly reduced by 23 % and 18 %,
respectively, in the wheat bran + phytase bread com-
pared to the wheat bran bread.

Results from the three-day weighed food record
showed that the average daily nutrient intakes in the two
intervention groups were similar (Table2). The distri-
bution of energy intake from protein, fat and carbohy-
drates, and the average intakes of dietary fibre and iron,
were within the recommended levels. The average intake
of vitamin C was 50 % higher than the recommended in-
take. The daily portion of bread provided 33 % of the en-
ergy intake, 66 % of fibre intake and 43 % of the daily in-
take of iron. On average the female subjects consumed
475 £290 g of fruit and vegetables daily.

Serum ferritin and haemoglobin concentrations at
baseline and after two and four months are shown in
Table 3 for the two groups individually. No difference in
baseline values of serum ferritin and haemoglobin was
observed between the two groups. There was no effect of
the phytase added to the wheat bread on the iron status

Table1 Concentration of inositol phosphates, iron,
molar ratio of phytic acid:iron, and calcium in the

Wheat bran bread Wheat bran + phytase bread

wheat bran bread with or without added phytate of
the three batches prepared (median, range)

YIP; ¢ (Umol/100 g bread)

3082 (301, 313) 240 (227, 241)

YIPs_¢ (umol/100 g bread) 277 (272, 280) 231 (226, 235)
Iron (mg/100 g bread) 2.0(1.9,2.1) 2.0(1.9,2.9)
Molar ratio (phytic acid:iron) 8.5:1 6.7:1
Calcium (mg/100 g bread) 30(28,32) 27 (27,28)

Numbers with different letter superscripts within the same row are significantly different (p < 0.001)

Table 2 Intake of energy, distribution of energy in-

take and intake of fibre, iron, calcium and vitamin C, Wh_ea1t8bran bread group V‘{‘heat bran b read_+23 NNR'

(mean =+ SD) for the wheat bran bread group and (n=18) phytase group (n = 23)

wheat bran bread + phytase group, based on a three

days weighed food records compared to recom- ey Lidbil) (Zz%éfg'so keal) (2292'311‘.670 keal) -

mended intake by the Nordic Nutrition Recommen- - =

dations (NNR) Protein (E-%) 13.7£2.0 14.7+2.4 10-15
Fat (E-%) 25.7+7.8 26.0+8.2 <30
Carbohydrate (E-%) 58.0+7.4 55.6+7.5 55-60
Dietary fibre (g/d) 32.6+10.1 33.6+9.1 25-35
Iron (mg/d) 13.6+2.9 14.7+3.4 12-18
Calcium (mg/d) 846+298 870269 800
Vitamin C (mg/d) 92.7+52.7 85.5+60.0 60

! (Sandstrém et al., 1996)
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Table3 Serum ferritin (pg/L) and haemoglobin (g/L) concentrations at baseline and after two and four months intervention in young female subjects daily receiving 300
g of wheat bran bread or wheat bran bread baked with phytase during a four-month intervention

n Baseline Q3 2month Q; 4month Qp  A0-4  Effectof  Effect of Effect of Effect of
month  phytase  time time time
0-2month ~ 2-4month  0—4 month
Serum ferritin (ug/L)?
Wheat bran bread group 18 45+1.1 34 33+1.1 26 3211 23 13 P < 0.001 N.S. P < 0.001
Wheat bran bread +
phytase group 23 44+1.1 37 34+1.1 28 34+1.1 25 1N P < 0.001 N.S. P <0.001
Total 41 45+1.1 34 34111 24 33x1.1 24 12 N.S. P < 0.001 N.S. P < 0.001
Haemoglobin (g/L)
Wheatbranbread group 18 132+£1.7 127 131£18 127 130117 124 2 N.S. N.S. N.S.
Wheat bran bread +
phytase group 23 132+15 127 134+15 127 13015 124 2 P <0.05 P <0.001 N.S.
Total 41 132+£11 126 133+£13 126 13011 123 2 N.S. N.S. P <0.001 P <0.05

2 Geometric mean = SE; P Arithmetic mean = SE; N. S. Non-significant

of the subjects in the wheat bran bread + phytase group
compared to the wheat bran bread group, but an effect
of the intervention period on the serum ferritin values
was observed for the two groups individually. Serum fer-
ritin decreased significantly in both groups after 2
months intervention and did not decrease further the
remaining two months. Since no difference was ob-
served of the addition of phytase, all statistical calcula-
tions on the effect of the intervention period are there-
fore performed as one group.

Baseline values (average of all subjects) of serum fer-
ritin was 45 pg/L,22-83 (geometric mean, range) and for
haemoglobin 132 g/L, 119-148 (arithmetic mean,
range). Following two months of intervention, geomet-
ric mean of serum ferritin concentrations had decreased
significantly by 11+ 1.1 (SE) pg/L (P<0.001) and there
was no further decrease after additional two months in-
tervention. After four months intervention the serum
ferritin values had decreased by 27 %. Haemoglobin
concentrations decreased after four months of interven-
tion by an arithmetic mean of 2+ 0.8 g/L (SE) (P <0.05)
by 1.5% (Table 3).

Discussion

The subjects’ self-selected diet during the four months
study was in accordance with the Nordic recommended
dietary guidelines [4] as regards dietary fibre, iron and
calcium contents, but contained a 50 % higher level of vi-
tamin C than the recommended diet. The relatively low
average energy intake of 9.3 +2.0 MJ/day of the study
population taken into consideration, the daily portion of
fruit and vegetables reflects the recommendations of a
daily intake of 600 g/day. During the intervention period
300 g of fibre-rich wheat bread was provided as a substi-
tute for the habitual intake of breakfast cereals,bread for
lunch, and afternoon snacks, thus the amount corre-

sponded to the intake of 250-300g/day of fibre-rich
bread and cereals recommended by the Danish Veteri-
nary and Food Administration [5].

Despite the compliance with the current dietary rec-
ommendations, the four-month intervention diet re-
sulted in a decreased iron status for the subjects, who all
had a sufficient iron status at the beginning of the study
as judged by their initial serum ferritin and haemoglo-
bin levels. The present long-term study therefore indi-
cates an adverse effect of the recommended diets with a
high content of fibre-rich bread on iron status in young
women who otherwise follow the current dietary rec-
ommendations.

Iron stores, measured as serum ferritin, decreased
within the first two months of the intervention period
and reached a steady state during the remaining two
months, whereas the haemoglobin concentration de-
creased within the last two months of intervention, as
also seen in a previous study by Sandstrém (1993) [26].
It is well established that the fractional absorption of
iron is affected by the iron status of the individual and is
higher in iron deplete subjects compared to subjects
with adequate iron stores [27]. In the present study the
obtained steady state in serum ferritin in the last two
months of intervention could be due to the decreased
iron status of the subjects after the first two, resulting in
a higher absorption rate of the non-haeme iron present
in the diet. Haemoglobin levels decreased after the four
months intervention, which could be due to a shifted
equilibrium between menstrual losses and the reduced
serum ferritin status of the subjects.

The phytic acid content was significantly reduced in
the wheat bran bread + phytase compared to the wheat
bran bread, but only by 23 % compared to 18% in the
wheat bran bread. The reduction of phytic acid in the
wheat bran bread + phytase was low considering the
high concentration of PTU added to the dough. The par-
ticle size of the bran was relatively large (1.2mm -
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0.6 mm) and it is reasonable to believe that the added
phytase did not have sufficient time or the particles were
too large to more effectively break down the phytic acid
present in the bran. Using sourdough is normally an ef-
fective means of decreasing the phytic acid content [28],
but was in the present situation not an efficient remedy
in reducing the phytic acid content of the bread to very
low values.

Sandberg (1989) has stated that the molar ratio
phytic acid:iron should not exceed 0.18:1, and the total
concentration of IP; and IPs should not exceed
50 umol/100 g, based on in vitro studies, if an increased
iron absorption is to be obtained [15]. A long-term in-
tervention with a reduced phytate content in weaning
cereals with a molar ratio of phytic acid and iron rang-
ing from 0.14:1-0.83:1 did not result in improved iron
status in infants [23]. The molar ratio of phytic acid and
iron and the total concentration of IP; and IP¢ in the
daily portion of bread provided in the present study, by
far exceeded the mentioned values. The daily intake of
bread contributed, on average, with 33 % of the subjects’
daily energy intake and 43 % of the daily intake of iron.
It is therefore reasonable to assume that the high phytic
acid concentration of the bread has influenced the iron
bioavailability of the subjects’ diet as a whole. The re-
duction of phytic acid in the wheat bran bread + phytase
was insufficient to increase the bioavailability of the iron
in the wheat bran bread + phytase compared to the
wheat bran bread.

The net absorption of total iron from the diet is a bal-
ance between the effects of the enhancers and inhibitors
present. The reduced serum ferritin levels in the subjects
in the present study were probably caused by a low
bioavailability of iron from the diet. The relatively high
intake of vitamin C (50% above recommended level)
was not sufficient to counteract the negative effects of a
concomitant intake of phytic acid. The lack of effect of a
high intake of vitamin Cis in accordance with results ob-
tained by Cook and Reddy (2001) investigating iron ab-
sorption from complete diets [22]. The meat intake of
the present study population was low and only con-

References

1. Slavin JL,Jacobs D,Marquart L, Wiemer

3. Kushi LH, Meyer KA, Jacobs DR Jr

tributed with 7.7 + 1.1 % (mean % SE) of the total intake
of iron (results not shown). Apart from being an excel-
lent source of haeme iron, meat is an enhancer of non-
haeme iron absorption in a phytic acid rich-meal [19].
The low intake of meat has most likely not been suffi-
cient to affect the iron status, neither as a source of
haeme iron nor as an enhancer of non-haeme iron ab-
sorption. The combination of a low intake of meat and a
frequent intake of bread with a high content of phytic
acid throughout the day in the present study is possibly
the main reason for the reduced iron status observed
during the first two months of the intervention period.

Research indicates that a diet rich in whole grains can
have substantial beneficial effects on certain lifestyle
diseases [1-3] and subsequently, efforts have been made
in public health information to promote the consump-
tion of whole grains [29]. In these procedures, it should
be taken into consideration that a high intake of fibre-
rich wheat bread can result in a decreased iron status of
women with otherwise sufficient iron stores. The post-
treatment concentrations of serum ferritin in the young
women in the present study were close to the levels in-
dicating small or reduced values of serum ferritin
(serum ferritin <30 ug/L) [30]. The implication of the
present study would therefore be to advise, especially
young women, not to consume whole grains, rich in
phytic acid, to all main meals.

The present long-term study indicates that consump-
tion of the recommended daily intake of fibre-rich bread
results in a decreased iron status in women with an ini-
tially sufficient iron status although the diet, as a whole,
was in line with current dietary recommendations. Re-
duction of the phytic acid concentration in the bread, by
addition of phytase to the dough, was not sufficient to
increase or maintain the iron status of the subjects.

Acknowledgements Schulstad Bred A/S is thanked for donating
bread for the intervention. Also the authors wish to acknowledge
Hanne Lysdal Petersen, Ella Jessen and Lone Berggren for taking the
blood samples and performing chemical analyses.

5. Danish Veterinary and Food Adminis-

K (2001) The role of whole grains in dis-
ease prevention. ] Am Diet Assoc 101:
780-785

Jacobs DR, Pereira MA, Meyer KA,
Kushi LH (2000) Fiber from whole
grains, but not refined grains, is in-
versely associated with all-cause
mortality in older women: the Iowa
women’s health study. ] Am Coll Nutr
19:3265-330S

(1999) Cereals, legumes, and chronic
disease risk reduction: evidence from
epidemiologic studies. Am J Clin Nutr
70:451S-458S

Sandstrom B, Aro A, Becker W, Lyhne

N, Pedersen ], To6rsdéttir (1996)

Nordiska néringsrekommendationer
1996 (Nordic Nutrient Recommenda-
tions 1996). Nordisk Ministerrad,
Copenhagen

tration (1997) Mad med mange kulhy-
drater (Diets high in carbohydrates). ID
1997211, ISBN 87-601-1969-1

. Dietary Guidelines for Americans

(2000) United States Department of
Agriculture, United States Department
of Health and Human Services

. WHO (1992) The prevalence of

anaemia in women. WHO/MCH/MSM,
2nd ed



340

10.

11.

12.

13.

ACC/SCN (2000) Fourth report on the
World Nutrition Situation, Nutrition
throughout the life cycle. World Health
Organization (WHO), Administrative
Committee on Coordination (ACC),
Sub-Committee on Nutrition (SCN),
International Food policy Research In-
stitute (IFPRI), 4. Geneva

Milman N, Byg KE, Ovesen L, Kirchhoff
M, Jurgensen KS (2003) Iron status in
Danish women, 1984-1994: a cohort
comparison of changes in iron stores
and the prevalence of iron deficiency
and iron overload. Eur ] Haematol 71:
51-61

Milman N, Byg KE, Ovesen L, Kirchhoff
M, Jurgensen KS (2002) Iron status in
Danish men 1984-1994: a cohort com-
parison of changes in iron stores and
the prevalence of iron deficiency and
iron overload. Eur ] Haematol 68:
332-340

Jiang R, Manson JE, Meigs JB, Ma J, Ri-
fai N, Hu FB (2004) Body iron stores in
relation to risk of type 2 diabetes in ap-
parently healthy women. JAMA 291:
711-717

Wolff B, Volzke H, Ludemann J, Robin-
son D, Vogelgesang D, Staudt A, Kessler
C, Dahm JB, John U, Felix SB (2004) As-
sociation between high serum ferritin
levels and carotid atherosclerosis in the
study of health in Pomerania (SHIP).
Stroke 35:453-457

Milman N, Kirchhoff M, Jorgensen T
(1992) Iron status markers, serum fer-
ritin and hemoglobin in 1359 Danish
women in relation to menstruation,
hormonal contraception, parity, and
postmenopausal hormone treatment.
Ann Hematol 65:96-102

European Journal of Nutrition (2005) Vol. 44, Number 6

© Steinkopff Verlag 2004

14.

15.

16.

17.

18.

19.

20.

21.

22.

Milman N, Clausen JO, Jordal R (1995)
Iron status in young Danish men and
women: a population survey compris-
ing 548 individuals. Ann Hematol 70:
215-221

Sandberg A-S, Carlsson N-G, Svanberg
U (1989) Effects of Inositol Tri-, Tetra-,
Penta-, and Hexaphosphates in In Vitro
Estimation of Iron Availability. ] Food
Sci 54:159-161

Hallberg L, Rossander L, Skanberg AB
(1987) Phytates and the inhibitory ef-
fect of bran on iron absorption in man.
Am J Clin Nutr 45:988-996

Hallberg L, Brune M, Rossander L
(1989) Iron absorption in man: ascorbic
acid and dose-dependent inhibition by
phytate. Am J Clin Nutr 49:140-144
Reddy MB, Hurrell RE, Cook JD (2000)
Estimation of nonheme-iron bioavai-
lability from meal composition. Am J
Clin Nutr 71:937-943

Baech SB, Hansen M, Bukhave K, Jensen
M, Sorensen SS, Kristensen L, Purslow
PP, Skibsted LH, Sandstrom B (2003)
Nonheme-iron absorption from a phy-
tate-rich meal is increased by the addi-
tion of small amounts of pork meat. Am
] Clin Nutr 77:173-179

Hurrell RE, Reddy MB, Juillerat MA,
Cook JD (2003) Degradation of phytic
acid in cereal porridges improves iron
absorption by human subjects. Am J
Clin Nutr 77:1213-1219

Cook JD, Dassenko SA, Lynch SR (1991)
Assessment of the role of nonheme-
iron availability in iron balance. Am J
Clin Nutr 54:717-722

Cook JD, Reddy MB (2001) Effect of
ascorbic acid intake on nonheme-iron
absorption from a complete diet. Am J
Clin Nutr 73:93-98

23.

24.

25.

26.

27.

28.

29.

30.

Lind T, Lonnerdal B, Persson LA, Sten-
lund H, Tennefors C, Hernell O (2003)
Effects of weaning cereals with different
phytate contents on hemoglobin, iron
stores, and serum zinc: a randomized
intervention in infants from 6 to 12 mo
of age. Am J Clin Nutr 78:168-175
Lopez HW, Duclos V, Coudray C,
Krespine V, Feillet-Coudray C, Messager
A,Demigne C,Remesy C (2003) Making
bread with sourdough improves min-
eral bioavailability from reconstituted
whole wheat flour in rats. Nutrition 19:
524-530

Sandberg AS, Ahderinne R (1986) Hplc
Method for Determination of Inositol
Triphosphates, Tetraphosphates, Pen-
taphosphates and Hexaphosphates in
Foods and Intestinal Contents. ] Food
Sci 51:547-550

Sandstrom B (1993) Impaired iron sta-
tus in young healthy subjects after a
dietary change to a high fiber diet.
Bioavailability ’93. Nutritional, chemi-
cal and food processing implications of
nutrient availability. Proceedings partI,
pp 159-163

Hallberg L, Rossander-Hultén L (1991)
Iron requirements in menstruating
women. Am J Clin Nutr 54:1047-1058
Turk M, Carlsson NG, Sandberg AS
(1996) Reduction in the levels of phy-
tate during wholemeal bread making;
Effect of yeast and wheat phytases. ] Ce-
real Sci 23:257-264

Marquart L, Wiemer KL, Jones JM, Ja-
cob B (2003) Whole grains health
claims in the USA and other efforts to
increase whole-grain consumption.
Proc Nutr Soc 62:151-160

Milman N, Pedersen NS, Visfeldt ]
(1983) Serum ferritin in healthy Danes:
relation to marrow haemosiderin iron
stores. Dan Med Bull 30:115-120



