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Abstract
Objective: To investigate the role of blood loss and diet in the aetiology of mild iron
deficiency (MID) in premenopausal New Zealand women. Mild iron deficiency was
defined as low, but not necessarily exhausted, iron stores (i.e. serum ferritin ,20 mg/
L) in the absence of anaemia (i.e. haemoglobin $120 g/L).
Design: Cross-sectional study of a volunteer sample of premenopausal adult women.
Information on habitual dietary intakes (using a specially designed and validated
computerised iron food frequency questionnaire), health and demographic status,
sources of blood loss (including menstrual blood loss estimated using a validated
menstrual recall method), contraceptive use, height and weight, haemoglobin, serum
ferritin and C-reactive protein were collected.
Setting: Dunedin, New Zealand during 1996/1997.
Participants: Three hundred and eighty-four women aged 18±40 years.
Results: The characteristics that were associated with an increased risk of MID were:
low meat/fish/poultry intake, high menstrual blood loss, recent blood donation,
nose bleeds, and low body mass index. The protective factors included shorter
duration of menstrual bleeding, and multivitamin±mineral supplement use in the
past year.
Conclusions: There are a number of potentially modifiable factors that appear to
influence risk of MID. Women with low menstrual blood loss may be able to
decrease their risk of MID by increasing their meat/fish/poultry intake, while those
with a higher menstrual blood loss may be able to decrease their risk by decreasing
their menstrual blood loss, perhaps by changing their method of contraception.
Women should be encouraged to maintain a healthy body weight, and those who
choose to donate blood, or who experience nose bleeds, should have their iron
stores monitored.

There is a growing interest in the presence of iron
deficiency without any clinical or biochemical evidence of
anaemia, and the extent to which it may be associated
with adverse health consequences. Some reports have
suggested that iron deficiency, without anaemia, may
result in impaired cognitive function1 and decreased work
performance2,3.
The early stages of iron deficiency are characterised by
a gradual decline in the amount of iron stored in the liver,
until eventually stores become completely exhausted.
These changes are reflected by a progressive fall in serum
ferritin from between 20 and 12 mg/L, to less than 12 mg/L,
at which point the stores are considered to be exhausted.
In this study of premenopausal women, we have defined
mild iron deficiency (MID) as the existence of low but not
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necessarily exhausted iron stores (i.e. serum ferritin
,20 mg/L), in the absence of anaemia (i.e. haemoglobin
$120 g/L).
Women of child-bearing age are known to be more
vulnerable to mild iron deficiency than post-menopausal
women. In a recent national survey in the United
Kingdom4 approximately 40% of women aged 18 to 40
years had a serum ferritin level of less than 25 mg/L
compared with only 12% of women aged 50 to 64 years.
Anaemia from any cause (defined as haemoglobin
,125 mg/L) was present in 23% of the younger women,
suggesting that at least 17% of these women had iron
deficiency without anaemia. No comparable national
prevalence data exist in New Zealand to date, but it is
likely that many premenopausal New Zealand women
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have mild iron deficiency which may place them at
increased risk of developing anaemia if they are exposed
to a physiological challenge such as pregnancy, injury or
surgery; and which may in itself have adverse health
consequences.
Very few studies, however, have examined the characteristics of premenopausal adult women who have low
iron stores, and compared them with those of women
who are iron sufficient. In the Women's Iron Study,
reported here, we have employed a computer-administered food frequency questionnaire to estimate habitual
intake, over the past month, of total iron, haem and nonhaem iron, as well as dietary modifiers of iron absorption5. In addition, we have collected detailed data on all
sources of blood loss, including both the magnitude and
duration of menstrual bleeding, the method of contraception used, the frequency of blood donations, and nose
bleeds. Finally, we have investigated the importance of
both dietary and blood loss factors for risk of mild iron
deficiency in a self-selected sample of premenopausal
New Zealand women. This is the first comprehensive
study of the iron status of a large sample of premenopausal adult women in New Zealand.
Methods
Participants
Four hundred and four women aged between 18 and 40
years were recruited from the Greater Dunedin (New
Zealand) area, largely via newspaper advertisements and
posters. A very small number were recruited through
general practitioners. The age group was chosen to
maximise the likelihood that all women had both reached
menarche and finished growing, and to minimise the
likelihood that they had reached menopause6.
Ethical approval for this study was granted by the
Southern Regional Health Authority Ethics Committee,
Otago, New Zealand. Informed written consent was given
by all participants.
Data collection and laboratory procedures
Interested women were eligible to take part in the
Women's Iron Study if they were aged 18 to 40 years,
were not pregnant or breast-feeding, and were consuming a Western-type diet. Participants completed a General
Questionnaire designed to elicit information on sociodemographic status, and dietary patterns, supplement
use, recent illness, blood donation, nose bleeds, menstrual blood loss, contraceptive use, cigarette smoking
and alcohol drinking. Socio-economic status was determined using the NZSEI scale divided into six classes, as
described earlier7.
Morning fasting venipuncture blood samples were
collected into evacuated tubes (Becton Dickinson,
Rutherford, NJ) for biochemical analyses. The stage of
the menstrual cycle when the blood test was taken was
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determined using a record of the date when the blood test
was taken; and the participant's estimate of the date when
their last period started, how long their menstrual periods
last, and the number of days from the beginning of one
period to the beginning of the next. The participant was
then asked to complete a standard 24-h dietary recall
protocol8. Height and weight measurements were taken
in duplicate using standardised procedures, with participants standing erect in bare feet, and wearing light
clothing9. A portable stadiometer was used to measure
height to the nearest 0.1 cm. Body weight was recorded
to the nearest 0.1 kg using digital scales (SECA 770) from
which Quetelet's body mass index was calculated. At a
second appointment the Iron Food Frequency Questionnaire and Mood, Activity and Eating Questionnaire were
administered. The Mood, Activity and Eating Questionnaire included questions on recent activity (mild: `time
spent on the move'; and vigorous: `breathing hard or
puffing a lot'), and anorexia nervosa and bulimia nervosa
(the DSM-IV10).
Blood samples were refrigerated immediately following
collection and analysed within 4 h. Zinc protoporphyrin
was measured using a haematofluorimeter (model ProtoFluor-Z) and reagent system (Helena Laboratories) using
the manufacturer's controls. The coefficient of variation
for this assay was typically 5%. All other blood sample
analyses were conducted at a single laboratory that
participates in regular external proficiency testing (RCPA
Quality Assurance ProgramÐEndocrine). Serum ferritin
was measured by a two site sandwich immunoassay using
direct chemiluminescent technology (Chiron Diagnostics
Corporation, East Walpole, MA) standardised against
World Health Organisation certified reference material
(human spleen ferritin: Second International Standard 80/
578). The serum ferritin assay had a coefficient of
variation of 5.7% at a level of 35 mg/L. Haemoglobin
was measured by an automated procedure using a
Coulter Counter (Beckman Coulter New Zealand Ltd,
Auckland). C-reactive protein was measured by nephelometry using a Behring BNA Nephelometer (Dade Behring,
Auckland). The C-reactive protein assay had a coefficient
of variation of 2.4%.
Measurement of blood loss
Menstrual blood loss was estimated using a menstrual
recall method described and validated earlier in a
population of 18- to 29-year-old Dunedin women11. The
menstrual recall questions asked women to decide
how many `heavy' days they have during a period, and
how many `light' days. They were then asked to state how
many pads and/or tampons they use on `heavy' and `light'
days, and the absorbency level (e.g. `regular', `super') of
the actual products used. Estimated menstrual loss values
generated by the menstrual recall are expressed in Blood
Loss Units (BLU).
Participants were asked the following questions on
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blood donation: `Do you donate blood?', and if so `When
did you last donate blood?' and `How many times have
you donated blood in the past year?'. Participants were
asked the following questions on nose bleeds: `Do you
get nose bleeds?', and if so `How often do you get a nose
bleed?' and `How heavy are your nose bleeds?'. They were
also asked whether they used an oral contraceptive pill,
an intra-uterine device or depo-provera, and how long
they had been using this contraceptive method.
Measurement of dietary intake
The Iron Food Frequency Questionnaire (Iron FFQ) was
used to estimate intake of dietary iron, non-haem iron,
haem iron and the modifiers of iron absorption: meat/
fish/poultry, phytate, calcium, vitamin C, tea and coffee12.
The Iron FFQ is a quantitative computer-administered
food frequency questionnaire that asks participants to
describe the meals and snacks they have eaten during the
past month using 206 foods sorted into 17 food groups.
Serving sizes are estimated using multiples and proportions of common standard measures (e.g. cups of coffee,
slices of bread), and three-dimensional food models for
items such as meat and cheese. As participants complete
each individual meal, they are asked to report the exact
frequency of consumption for that meal. The food list was
developed using sex- and age-specific information from a
national 24-h recall to determine the major food sources
of each of the dietary components of interest in the diets
commonly eaten by New Zealand women aged 18 to 40
years13. Selected nutrient intakes were calculated using
the New Zealand Food Composition database14. Phytate
values added to the nutrient database were based on
some analysed values and the literature, as described
earlier15. For composite dishes, phytate content was
calculated from recipes published in the New Zealand
nutrient database. The Iron FFQ had been validated
earlier in a population of 49 Dunedin women aged 19 to
31 years by comparison with 11 days of weighed food
records (using the New Zealand Food Composition
database14). The questionnaire was able to clearly
differentiate between low and high intakes of total iron,
and iron absorption modifiers. For instance, crossclassification demonstrated that 45% of meat/fish/poultry
intakes were classified in the same quartile by both
methods, and no participants were misclassified by the
questionnaire into the opposite quartile of weighed diet
record intake12.
The 24-h recall was used to estimate energy intake
(using the New Zealand Food Composition database14)
because the Iron FFQ was not designed to measure
macronutrient intake.
Statistical analysis
SPSS for Macintosh Version 6.1.1 was used to carry out all
statistical analyses. Evidence for a difference between
groups was tested using the independent groups t-test for
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continuous variables that were normally distributed, the
Mann±Whitney U test for those that were not normally
distributed, and the Chi-square test for categorical
variables. A P-value of less than 0.01 was considered to
be statistically significant for these analyses because
multiple significance tests were being carried out.
Logistic regression analysis16 was used to examine the
relationship between MID (presence or absence) and a
number of characteristics that were of known or
suspected biological importance. Continuous independent variables were categorised and treated as nominal
variables. Dietary variables were divided into thirds. The
remaining continuous variables were converted into
meaningful categories. The reference category was the
lowest category (or absence) of the characteristic except
for variables with another `natural' reference category
(e.g. median duration of menstrual period 4±6 days17).
Participants with a C-reactive protein (CRP) concentration elevated above 10 mg/L18 were excluded from
subsequent analysis n  14: Individuals with infection
are likely to have falsely elevated serum ferritin concentrations19 and may therefore be misclassified as having
adequate iron status even in the presence of iron
deficiency.
Variables for biologically plausible interactions were
created, and then added to the full model and tested for
statistical significance using the likelihood ratio test16.
The ability of the variables in the final logistic
regression model to predict the risk of iron deficient
erythropoiesis (IDE) was examined using univariate
analysis with IDE (presence or absence) as the dichotomous outcome variable.
Results
Of the original 404 women recruited, 384 (95%) provided
a blood sample. Complete data were provided by 335
participants (87%) and were included in the logistic
regression analysis.
The participants were predominantly Caucasian (95%)
with a median age of 24 years (range: 18 to 40 years). The
mean socio-economic status was equivalent to Class 3
(technical workers). The median body mass index was
22.7 (interquartile range: 20.8 to 24.9). Two participants
exhibited DSM-IV10 defined anorexia nervosa, while none
exhibited bulimia nervosa. However, 81 participants
(22%) reported using strict dieting to control their weight
in the past year. Eighty-five participants (22%) avoided
eating red meat. The median menstrual blood loss was 35
BLU (range: 2.3 to 292.0 BLU), while 102 participants
(27%) were blood donors (median: 10 months ago) and
77 (20%) reported having nose bleeds. The oral contraceptive pill was used by 141 participants (37%). Seven
women (1.8%) used an intra-uterine device. Ninety-one
participants (23.8%) had taken a multivitamin±mineral
supplement in the past year. The amount of supplemental
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Table 1 Characteristics of study participants with and without mild iron deficiency (MID)
Characteristic

Participants with MID n  87

Participants without MID n  297

P-value for difference

Age (years)
Body mass index
Socio-economic status
Previous history of MID (%)
Previous history of IDA (%)
Has children (%)
Uses strict dieting to control weight (%)
Recent vigorous activity (%)

24.0 (20.0, 34.0)
21.8 (20.4, 24.5)
3.3 (1.6)
50.0
24.7
21.8
12.8
66.3

24.0 (20.0, 32.0)
23.0 (21.1, 25.1)
3.3 (1.6)
54.3
23.8
22.3
24.1
72.9

0.90
0.01
0.96
0.51
0.87
0.93
0.02
0.24

Menstrual blood loss (BLU)
Length of period (days)
Donates blood (%)
Has nose bleeds (%)
Uses oral contraceptive pill (%)

38.0 (25.8, 60.0)
5.2 (1.0)
32.2
27.6
27.6

34.0 (22.5, 51.8)
4.9 (1.3)
25.0
17.9
39.7

0.09
0.02
0.18
0.05
0.04

Haemoglobin (g/L)
Serum ferritin (mg/L)
Elevated C-reactive protein (%)

130.7 (6.7)
15.0 (13.0, 17.0)
0

132.2 (8.8)
40.0 (28.0, 64.0)
4.7

0.02
,0.001
0.05

Energy (MJ)
Total iron (mg)
Haem iron (mg)
Non-haem iron (mg)
Meat/fish/poultry (g)
Vitamin C (mg)
Phytate (mg)
Calcium (mg)
Drinks tea (%)
Drinks coffee (%)
Avoids red meat (%)
Current iron supplement (%)
Multivitamin±mineral in past year (%)

7.6
10.7
0.7
10.1
85.9
105.0
1274.8
725.2
56.3
48.3
29.9

(6.1, 9.4)
(8.9, 12.4)
(0.1, 1.2)
(8.2, 12.3)
(61.6)
(72.7, 158.1)
(755.9, 2003.4)
(520.9, 951.7)

8.0
10.7
1.0
9.6
110.6
111.8
1146.0
696.9
51.9
50.9
19.9

19.5
18.4

17.5
25.3

(6.3, 9.8)
(8.5, 12.8)
(0.5, 1.4)
(7.7, 11.6)
(66.6)
(74.5, 163.9)
(674.4, 1629.9)
(516.7, 901.9)

0.39
0.42
0.02
0.14
0.002
0.41
0.06
0.51
0.47
0.67
0.05
0.66
0.75

Values are expressed as mean (standard deviation), median (interquartile range) or percentage.

iron being taken ranged from 0.06 mg/day (for an
infrequently taken multivitamin±mineral supplement) to
105 mg/day (for an iron-only supplement taken daily),
with a median intake of elemental iron from supplements
of 8.6 mg/day. The majority of the women were
nulliparous n  299; 78%). The mean parity amongst
those women who had children was 2.1.
The median serum ferritin concentration for the
population was 32 mg/L, with a mean haemoglobin
level of 132 g/L. Eighty-seven participants (23%) had
MID (haemoglobin $120 g/L and serum ferritin ,20 mg/L),
of whom 15 (4%) had IDE (serum ferritin ,12 mg/L). Eight
participants (2%) had iron deficiency anaemia (haemoglobin ,120 g/L and serum ferritin ,12 mg/L). An elevated
C-reactive protein of greater than 10 mg/L was measured
in 14 participants (4%). Nine women (2%) had anaemia
without iron deficiency.
Table 1 compares the characteristics of participants
with and without mild iron deficiency. Participants with
MID (serum ferritin ,20 mg/L in the absence of anaemia
(haemoglobin $120 g/L)) had a slightly, but significantly
P  0:01; lower BMI than participants without MID
(21.8 and 23.0, respectively) and a significantly lower
intake of meat/fish/poultry (86 g vs. 111 g) P , 0:01:
Logistic regression analysis suggested that the following
variables were important predictors of MID risk: meat/

fish/poultry intake and menstrual blood loss (Tables 3
and 4), duration of the menstrual period, months since
last blood donation, nose bleeds, body mass index, and
multivitamin±mineral supplement use in the past year
(Table 2). An interaction effect between meat/fish/poultry
intake and menstrual blood loss was also apparent in the
model (Tables 3 and 4). There was no significant effect of
stage of the menstrual cycle20 on the results.
Medium and high meat/fish/poultry intakes were
associated with decreased risk of MID in individuals
with low menstrual blood loss (odds ratios OR  0:22
and 0.26), but not in those with medium or high levels of
menstrual loss (Table 3).
Low levels of menstrual blood loss were associated
with a highly significant decrease in risk of MID in
individuals with medium intakes of meat/fish/poultry
OR  0:13; and with a marginally significant protective
effect for those with high intakes of meat/fish/poultry
(Table 4).
Fifteen of the women with mild iron deficiency also
showed evidence of IDE (serum ferritin ,12 mg/L and
zinc protoporphyrin $40 mmol zinc protoporphyrin/mol
haem). It was not appropriate to test the ability of the full
model to predict IDE because of the small number of
women affected. However, univariate logistic regression
analysis indicated that recent blood donation OR  5:1;
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Table 2 Independent risk factors for mild iron deficiency*
Variable
Duration of menstrual period
,4 days
4±6 days
.6 days
Months since last donated blood
Does not donate blood
.12 months
4±12 months
,4 months
Has nose bleeds
No
Yes
Body mass index
,20
20±25
.25
Multivitamin/mineral supplement in past year
No
Yes

n

Odds ratio

95% CI for odds ratio

P-value for odds ratio

205
92
38

0.35
1.00
0.55

0.16±0.77

0.009

0.20±1.48

0.24

251
34
24
26

1.00
0.74
1.17
7.27

0.28±1.99
0.40±3.41
2.79±18.92

0.56
0.77
,0.001

268
67

1.00
2.15

1.12±4.11

0.02

41
216
78

2.50
1.00
0.79

1.14±5.50

0.02

0.39±1.61

0.51

252
83

1.00
0.48

0.24±0.98

0.04

* Adjusted for the interaction between menstrual blood loss and meat/fish/poultry intake.

Table 3 The effect of meat/fish/poultry consumption on risk of mild iron deficiency in women with low, medium, or high menstrual blood loss*
Odds ratio

95% CI for odds ratio

P-value for odds ratio

n

Menstrual blood loss ,35 BLU
Low meat/fish/poultry intake
Medium meat/fish/poultry intake
High meat/fish/poultry intake

1.00
0.22
0.26

0.09±0.56
0.10±0.67

0.002
0.005

63
59
51

Menstrual blood loss 35±71 BLU
Low meat/fish/poultry intake
Medium meat/fish/poultry intake
High meat/fish/poultry intake

1.00
0.95
0.94

0.38±2.38
0.36±2.48

0.91
0.90

47
49
41

Menstrual blood loss .71 BLU
Low meat/fish/poultry intake
Medium meat/fish/poultry intake
High meat/fish/poultry intake

1.00
1.67
0.93

0.25±11.07
0.15±5.61

0.60
0.93

8
10
14

* Adjusted for duration of menstrual period, months since last donated blood, has nose bleeds, body mass index, and multivitamin/mineral supplement use in
past year.

Table 4 The influence of menstrual blood loss on risk of mild iron deficiency in women with low, medium, or high consumption of meat/fish/
poultry*
Odds ratio

95% CI for odds ratio

P-value for odds ratio

n

Meat/fish/poultry low
Menstrual blood loss ,35 BLU
Menstrual blood loss 35±71 BLU
Menstrual blood loss .71 BLU

1.03
0.57
1.00

0.22±4.68
0.12±2.76

0.97
0.49

63
47
8

Meat/fish/poultry medium
Menstrual blood loss ,35 BLU
Menstrual blood loss 35±71 BLU
Menstrual blood loss .71 BLU

0.13
0.32
1.00

0.03±0.59
0.08±1.32

0.008
0.12

59
49
10

Meat/fish/poultry high
Menstrual blood loss ,35 BLU
Menstrual blood loss 35±71 BLU
Menstrual blood loss .71 BLU

0.29
0.58
1.00

0.07±1.11
0.16±2.14

0.07
0.41

51
41
14

* Adjusted for duration of menstrual period, months since last donated blood, has nose bleeds, body mass index, and multivitamin/mineral supplement use in
past year.
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CI  2:3±774:1 and nose bleeds OR  3:0; CI 
1:1±146:2 were also significant risk factors for IDE.
Univariate analysis suggested a significant protective
effect of oral contraceptive use on risk of MID OR 
0:58; CI  0:34±0:98; P  0:04: However, once the
extent and duration of menstrual bleeding were controlled for, the effect of oral contraceptive pill use
disappeared. This indicates that the effect of oral contraceptive pill use on MID was entirely explained by their
effect on menstrual blood loss. Similarly, although
univariate analysis of haem iron intake OR  0:74; CI 
0:55±1:00; P  0:05; `avoidance of red meat' OR  1:72;
CI  1:00±2:95; P  0:05; and `no reported meat/fish/
poultry intake in the Iron FFQ' OR  2:41; CI 
1:11±5:22; P  0:03 suggested a significant increase in
risk of MID amongst vegetarians, once the variables in the
final model were controlled for, vegetarianism was not
associated with MID.
There were some differences between the individuals
who were excluded from the final analysis of the risk
factors for MID because of incomplete data, or elevated
CRP levels, and those who were included. The excluded
individuals were older (29 years vs. 26 years). Nevertheless, this is unlikely to have influenced our results
because there is no biologically plausible relationship
between age and risk of MID, independent of factors such
as parity and menstrual blood loss. In addition, the
excluded group had a higher meat/fish/poultry intake
(134 g vs. 101 g), but since they also had higher serum
ferritin concentrations (70 mg/L vs. 38 mg/L) their inclusion would have increased the likelihood of finding a
protective effect of meat/fish/poultry on MID risk.
Discussion
MID was the focus of the Women's Iron Study because of
its suggested association with a number of adverse health
consequences1±3. There is very little information on the
aetiology and consequences of this condition in women.
Moreover, the criteria used to define MID have not been
well established. In this study we selected a cut-off value
for serum ferritin of less than 20 mg/L because impaired
endurance performance has been reported in nonanaemic women with serum ferritin concentrations
below this cut-off, suggesting that health deficits may be
associated with this level of iron deficiency2. Further,
while Hallberg et al.21 chose to use less than 16 mg/L as
their cut-off for iron depletion, their data suggest that a
cut-off of less than 20 mg/L would result in a higher
sensitivity (i.e. 86% vs. 75% iron deficient women
correctly identified).
Applying these criteria for MID (serum ferritin ,20 mg/L;
haemoglobin $120 g/L), 23% of the women had biochemical evidence of mild iron deficiency. This figure is
markedly higher than those reported for premenopausal
adult women in most other Western countries for which
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data on MID (serum ferritin ,20 mg/L) are available22±24,
with the exception of Finland (i.e. 30%)25. None of these
studies, however, are based on national prevalence data.
Our population was a volunteer sample of New Zealand
women, 50% of whom reported a previous history of iron
deficiency. Participants were recruited largely by advertisements requesting volunteers for a `Women's Iron
Study'. While it is possible that this attracted a particular
group of women volunteers, we believe that they were
sufficiently representative of the general population of
New Zealand women of this age group. Young New
Zealand women in general have a heightened awareness
of the importance of iron following ongoing publicity
campaigns about iron deficiency both in print media and
on television. Moreover, the participants had median
intakes of energy (7.9 MJ) and iron (10.7 mg) that were
similar to those reported in a nationally representative
sample of New Zealand women aged 15 to 44 years
studied in 1997 (8.2 MJ and 10.1 mg, respectively)26.
Aetiological factors associated with risk of MID
We identified two major aetiological factors as determinants of MID for the women in our study: blood loss and
dietary intake, both of which are discussed in detail
below.
Three types of blood loss were significant risk factors
for MID: recency of blood donation, menstrual blood loss
(both extent and duration of menstrual bleeding), and
nose bleeds. Very few other studies have demonstrated in
a single population the impact of such a comprehensive
range of blood loss factors on indices of iron status, and to
our knowledge, none has ever investigated the importance of nose bleeds.
Of the three types of blood loss, blood donation
resulted in the largest increase in risk of MID, but only
amongst women who had donated blood within the past
4 months. The influence of blood donation on risk of MID
is likely to be a temporary physiological response to
donation. A study by Garry et al.27 of postmenopausal
women who repeatedly donated blood, suggests that iron
loss following a blood donation is initially recouped from
iron stores, but repeated donations after the first 3 months
result in an increase in iron absorption to meet the
additional iron requirement. Premenopausal women
blood donors do, however, appear to have lower serum
ferritin concentrations than non-donors23,25,28,29.
Few studies have attempted to investigate the influence
of the extent of menstrual blood loss on serum ferritin
concentration. Most have used surrogate measures that
are more easily assessed, such as menstrual status (e.g.
pre- or post-menopause), or the duration or frequency of
menstruation30±32. Of these studies, one found no
association between self-reported `volume' of menstrual
blood loss and serum ferritin concentration30 and one
found an association with a measure of very heavy
menstrual bleeding (`bleeding through pads')32.
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Kenneyet al.31 used a `menstrual index' which included
information on the duration of menstrual bleeding and a
self-report of its heaviness. Because women's self-reports
of the heaviness of their menstrual periods is notoriously
inaccurate33, these researchers were, in effect, investigating an association between serum ferritin concentration
and the duration of menstruation. Our study demonstrates
that both the extent and the duration of menstrual blood
loss impact on the risk of MID. Our finding that duration
of the menstrual period was a risk factor for MID is
consistent with that of most other investigators who have
examined the influence of menses on serum ferritin
concentrations23±25,34±36.
Although up to 60% of people experience one episode
of epistaxis (i.e. nose bleeds) in their lifetime, and 6% will
seek medical attention for the condition37, no other study
to our knowledge has investigated the influence of nose
bleeds on the risk of iron deficiency. Nose bleeds
(experienced by 20% of this population) doubled the
risk of MID in this study.
Unlike blood loss, only one dietary factorÐintake of
meat/fish/poultryÐwas a significant predictor of risk for
MID in this New Zealand study. This finding is not
surprising. The protective effect of flesh foods can be
explained by their high content of bioavailable haem
iron38, as well as the concomitant enhancing effect of
flesh foods on non-haem iron absorption39. Further, of all
the dietary variables known to modify the bioavailability
of iron, intakes of meat, poultry and fish have been most
consistently associated with serum ferritin concentration22,29,30,32,36,40,41. Intakes of meat/fish/poultry and
haem iron in the diets of these New Zealand women
were low, whereas intakes of total dietary iron, vitamin C
and calcium were moderate compared with those
reported for premenopausal women in other countries.
An interaction between flesh food intake and menstrual
blood loss is reported here in which only those with a low
menstrual blood loss were able to decrease their risk of
MID with higher intakes of flesh foods. This is presumably
explained by the less negative iron balance of individuals
with a lower menstrual iron loss.
Interestingly, vegetarianism per se was not a significant
predictor of MID risk in our population, although being in
the lowest third of meat/fish/poultry intakes (,79 g/day)
did increase risk. Donovan and Gibson42 reported that
semi-vegetarian adolescent females who excluded red
meat had poorer iron intakes and a higher prevalence of
low iron stores15 than either vegetarians or omnivores,
suggesting that a poorly planned diet rather than
vegetarianism itself may increase risk of iron deficiency.
The absence of an effect of total iron intake on risk of
MID reported in this study is not surprising, in view of the
range of dietary components known to modify the
bioavailability of iron. The two major studies that have
reported an association between total iron intake and
serum ferritin concentrations have included both men and
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women and covered a wide age range, maximising the
range of intakes and therefore the likelihood of finding an
association40,43. Moreover, with the exception of flesh
foods discussed above, consumption of none of the other
dietary components known to enhance (e.g. vitamin C) or
inhibit (e.g. calcium, phytate, tea, coffee) iron absorption
and measured by our computerised food frequency
questionnaire were implicated in the risk for MID. Several
other researchers have failed to demonstrate a positive
relationship between vitamin C intake and serum ferritin
concentration30,34,43 possibly because the biological
availability of dietary iron depends on the amount of
vitamin C consumed at mealtimes rather than the total
daily intake, as noted by Razagui et al.35.
A negative association between calcium or dairy
product intake and serum ferritin levels has been found
in many24,31,32,34,36,40,43 but not all22 cross-sectional
studies. This finding has not been confirmed in longterm intervention studies44±47. In a single meal study, the
inhibitory effects of calcium on iron absorption reportedly
reached a maximum level at intakes of 300 mg48.
Participants in our study had a mean calcium intake of
more than 700 mg/day. If the majority of this calcium
intake was at one or two meals, and there is an inhibitory
effect of calcium on iron absorption, then most individuals would have been experiencing the maximum
inhibitory effect of calcium. Therefore, any gradient in
calcium intakes would not result in gradients in iron
absorption. Another explanation may be that calcium
intakes in the cross-sectional studies may have reflected
the consumption of dairy products (such as cheese),
substituted for foods with a higher iron content (such as
meat), rather than any inhibitory effect of calcium per se
on iron absorption.
In order to investigate whether individuals with
traditionally defined pre-anaemic IDE exhibited similar
aetiological characteristics to our mildly iron deficient
group, we applied the Serum Ferritin model for determining iron deficiency used in NHANES II49. There were only
15 women in our population with IDE defined by
abnormal serum ferritin (,12 mg/L) and zinc protoporphyrin ($40 mmol zinc protoporphyrin/mol haem).
Although the very wide confidence intervals indicate a
lack of precision because there were so few cases in the
analysis, two risk factors for MID were also significant risk
factors for IDE: blood donation OR  5:1; CI 
2:3±774:1 and nose bleeds OR  3:0; CI  1:1±146:2:
Possible strategies for reducing risk of MID in
young adult women
Our study is the first to demonstrate an interaction
between MID and two of the risk factors: intake of flesh
foods, and menstrual blood loss. This interaction is
important because it emphasises that risk for MID in this
study group is potentially modifiable. Individuals with a
low intake of meat/fish/poultry may be able to decrease
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their risk of MID by increasing their intake of flesh foods
provided their menstrual blood loss is low. It is important
to note that the New Zealand women in our study did not
consume large amounts of meat (in comparison with the
intakes reported for French women by GalaÂn et al.34 and
Soustre et al.36, for instance). Therefore, it is possible that
higher intakes of meat/fish/poultry than those represented in our population may be sufficient to overcome
higher levels of menstrual blood loss.
Women with moderate to high intakes of flesh foods (as
defined by our population) and high levels of menstrual
loss may choose to reduce their risk of MID by changing
their method of contraception to reduce their menstrual
blood loss. Oral contraceptive use decreases menstrual
blood loss by about 50%50, while traditional intra-uterine
devices (IUDs) may increase menstrual bleeding by as
much as 100%51. These differences in the magnitude of
menstrual blood loss are reflected in differences in serum
ferritin concentration23. Women with very heavy menstrual blood losses may need more intensive management
to decrease their blood loss52.
Menstruating women who donate blood may find it
prudent to have their iron stores monitored, as well as
their haemoglobin levels. Moreover, such women should
aim to develop an individualised programme of blood
donation and iron supplementation with their health
professional that enables them to maintain their iron
stores. Likewise, nose bleeds should be considered as an
aetiological factor in iron deficiency, and iron status
should be investigated in those who experience them.
Use of a vitamin and mineral supplement in the past
year was shown to reduce the risk of MID in this study,
despite their irregular use and the low levels of iron (3±
15 mg) contained in most of the multivitamin±mineral
supplements sold to the adult female population in New
Zealand. However, the protective effect of multivitamin±
mineral supplement consumption was apparently not a
marker for a general interest in health, motivated possibly
by an earlier diagnosis of iron deficiency and/or healthier
eating patterns. A previous medical diagnosis of low iron
status did not help predict the risk of MID in this study.
Moreover, supplement use remained significant even after
meat/fish/poultry intake was controlled for in the model,
emphasising a role for vitamin and mineral supplement
usage in the prevention of MID.
The association noted here between a low BMI and
increased risk of MID is yet another reason to discourage
young adult women from pursuing the current underweight ideal. This relationship was not due to confounding by vegetarians who tend to be leaner than
omnivores53, with a lower BMI and a greater risk of
MID. When variables such as self-defined vegetarianism,
avoidance of red meat, and absence of meat, fish or
poultry consumption during the previous month in the
IFFQ, were added separately to the logistic regression
model they did not alter the model's ability to predict
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MID, or alter the contribution of BMI to the model (data
not presented). Women with a low BMI (i.e. ,20) did not
have a significantly lower iron or meat/fish/poultry intake
than individuals with a BMI of 20 or more (data not
presented).
Conclusions
In summary, our results demonstrate that the risk of MID
in a single population of premenopausal adult New
Zealand women is associated with three types of blood
loss: menstrual blood loss, recent blood donation and
nose bleeds; but only one dietary variableÐintake of
meat/fish/poultry. Further, the interaction between risk of
MID and intake of flesh foods and menstrual blood loss
noted here emphasises that young adult women with low
menstrual blood loss may be able to decrease their risk of
MID by increasing their meat/fish/poultry intake, while
those with a higher menstrual blood loss may be able to
decrease their risk by decreasing their menstrual blood
loss, perhaps by changing their method of contraception.
Premenopausal women who choose to donate blood or
who have nose bleeds should monitor their iron stores
regularly and use iron supplements when necessary.
Women with a low BMI should be encouraged to reach
the healthy BMI range of 20±25 by following a healthy
low-fat diet.
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