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Women of childbearing age are at risk of Fe deficiency if insufficient dietary Fe is available to replace menstrual and other Fe losses. Haem Fe represents
10—15 % of dietary Fe intake in meat-rich diets but may contribute 40 % of the total absorbed Fe. The aim of the present study was to determine the relative
effects of type of diet and menstrual Fe loss on Fe status in women. Ninety healthy premenopausal women were recruited according to their habitual diet:
red meat, poultry/fish or lacto-ovo-vegetarian. Intake of Fe was determined by analysing 7 d duplicate diets, and menstrual Fe loss was measured using the
alkaline haematin method. A substantial proportion of women (60 % red meat, 40 % lacto-ovo-vegetarian, 20 % poultry/fish) had low Fe stores (serum fer-
ritin <10 pg/l), but the median serum ferritin concentration was significantly lower in the red meat group (6-8 ng/l (interquartile range 3.3, 16-25)) than in
the poultry/fish group (17-5 pg/l (interquartile range 11-3, 22-4) (P<<0-01). The mean and standard deviation of dietary Fe intake were significantly different
between the groups (P=0-025); the red meat group had a significantly lower intake (10-9 (sD 4-3) mg/d) than the lacto-ovo-vegetarians (14-5 (SD 5-5) mg/d),
whereas that of the poultry/fish group (12-8 (sp 5-1) mg/d) was not significantly different from the other groups. There was no relationship between total Fe
intake and Fe status, but menstrual Fe loss (P=0-001) and dietary group (P=0-040) were significant predictors of Fe status: poultry/fish diets were associ-
ated with higher Fe stores than lacto-ovo-vegetarian diets. Identifying individuals with high menstrual losses should be a key component of strategies to
prevent Fe deficiency.

Iron deficiency: Menstrual loss: Fe status: Women: Vegetarian: Meat

The risk of Fe deficiency in women of childbearing age is con-
siderable because of the additional Fe demands of menstruation
and pregnancy. The reported percentage of menstruating women
with a low Fe store, estimated from serum ferritin concentration,
varies between countries (Hallberg, 1995) owing to differences in
Fe supply (dietary patterns and use of supplements) and Fe losses
(contraceptive practice, blood donation, parity). Furthermore,
there are well-recognised methodological problems associated
with the use of serum ferritin as an index of Fe status, including
elevated values resulting from minor infection that are not related
to the level of Fe stores (Hulthen er al. 1998) and imprecision of
measurement related to day-to-day variability (Borel er al. 1991;
Cooper & Zlotkin, 1996).

The primary homeostatic mechanism for maintaining Fe bal-
ance is the absorptive efficiency of the small intestine (Andrews,
1999). However, only a proportion of dietary Fe is available for
absorption, depending on the composition of the diet, so when
physiological requirements outstrip Fe supply, Fe-deficiency
anaemia will develop once the body stores have been exhausted.
Haem Fe, which constitutes 30—70 % of all Fe found in meat, is
more readily absorbable than non-haem Fe found in both meat
and plant foods. Although haem Fe represents only 10—15 % of
dietary Fe intake in meat-rich diets, it may contribute 40 % or
more of the total absorbed Fe in omnivores (Bjorn-Rasmussen

et al. 1974). There are few published data on the actual haem
Fe content of different flesh foods, but it is generally accepted
that the haem Fe content of fish and poultry is less than that of
red meat. There are also few data on menstrual blood loss in
women in the UK (Higham & Shaw, 1999; Wyatt er al. 2001),
and the current dietary reference value for Fe intake (Department
of Health, 1991) in women of childbearing age is based on
measurements of menstrual blood loss obtained from a Swedish
study several decades ago (Hallberg et al. 1966), before the use
of oral contraceptives was commonplace.

The bioavailability of Fe from a Western-type diet, containing
significant quantities of meat and vitamin C (enhancers of Fe
absorption), is generally assumed to be relatively high, in the
region of 15 % (Food and Agriculture Organization/World Health
Organization, 1988). Dietary patterns are changing in response to
health issues. In Europe, the BSE crisis precipitated changes in
the type and quantity of meat consumed (Morabia et al. 1999),
and the recent popularity of different weight-reducing regimens,
such as the Atkins diet, has introduced yet more variations in
meat consumption (Anderson et al. 2000). In the UK, vegetarianism
is increasingly popular (Vegetarian Society, 2000), and in the latest
National Diet and Nutrition Survey, 5 % of adults described them-
selves as vegetarian (Henderson er al. 2002). In a recent poll in
the UK (Vegetarian Society, 2001), 4% of people reported
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that they consumed vegetarian diets and 33 % ate meat only
occasionally; it is estimated that 7 million people in the UK (12 %
of the population) are either vegetarian or avoid red meat.

The relative importance of menstrual blood loss and dietary Fe
intake in influencing the risk of Fe deficiency in women consum-
ing lacto-ovo-vegetarian and meat-containing diets is not well
defined, but there are reports that vegetarianism is associated
with menstrual disturbances (Barr, 1999) and a lower Fe status
than in omnivores (Helman & Darnton-Hill, 1987; Reddy &
Sanders, 1990; Alexander et al. 1994; Nelson ef al. 1994). Dietary
surveys of vegetarians have generally found total Fe intakes to be
similar (McEndree er al. 1983; Worthington-Roberts et al. 1988;
Alexander et al. 1994; Ball & Bartlett, 1999) or higher (Reddy &
Sanders, 1990) than those in omnivores. However, whether
women consuming Western-style vegetarian diets are at a
higher risk of Fe deficiency than their omnivorous counterparts
requires clarification (Hunt, 2003).

The relationship between dietary Fe absorption and Fe stores is
well characterised, with higher absorption in Fe-deficient and
lower absorption in Fe-replete individuals (Bothwell et al
1979). There are, however, only limited data describing variables
affecting the Fe status of women of childbearing age (Heath et al.
2001; Whitfield et al. 2003). No study has examined the com-
bined effect of menstrual blood loss and diet to elucidate the rela-
tive importance of these factors for Fe status in menstruating
women. The current study describes data on menstrual blood
loss and type of habitual diet, and their impact on the risk of
Fe deficiency in women of childbearing age consuming omnivor-
ous or vegetarian diets in the UK.

Subjects and methods
Subjects

Ninety healthy, premenopausal women aged 18—45 years were
recruited through local advertisements to take part in the study.
Volunteers were not accepted for the study if they had donated
blood during the previous 6 months because of the reported
effect of blood donation on Fe stores (Borch-lohnsen et al
1990). A 10ml screening blood sample was taken to exclude sub-
jects whose biochemical and haematological indices fell outside
the normal range.

Clinical screening (normal ranges in brackets) included: leuco-
cyte count (4-0—11-0 x 10%/1), neutrophils (2-5-7-5 X 10°/1), lym-
phocytes (1-1-3-5 X 10°/1), erythrocytes (3-9—5-6 x 10'*/1), Hb
(11-:5-16-4 g/dl), haematocrit (0-37-0-47), mean corpuscular
volume (80—-1001fl), mean corpuscular Hb (27-3 2pg), platelet
concentration (150—-400 X 10%1), Na (134—145mmol/l), K
(3-6—5-0 mmol/l), HCO;~ (22—-30 mmol/l), urea (1-7—7-1 mmol/
1), creatinine (55-125 wmol/l), total bilirubin (0—22 pwmol/1),
total protein (63-82¢g/l), albumin (35-50g/1), globulin
(21-35g/1), alanine aminotransferase (0—50U/l), vy-glutamyl
transferase (0—60 U/1), total cholesterol (3:6—6-5 mmol/l) and glu-
cose (3-5-7-0 mmol/l).

Five women were excluded from the study as a result of clini-
cal screening: three in the poultry/fish group (raised leucocyte
count, mean corpuscular volume and mean corpuscular Hb, and
a low platelet count) and two in the vegetarian group (raised
mean corpuscular volume, mean corpuscular Hb, leucocyte
count, neutrophils and lymphocytes). No women were excluded
owing to a low Hb concentration. Other exclusion criteria

included chronic illness, taking medication (except oral contra-
ceptives) or nutritional supplements, smoking, pregnancy within
the previous 12 months, and lactation.

All volunteers completed a food-frequency questionnaire in
order to allocate subjects to one of three dietary groups. Each
group contained thirty volunteers, and the groups were defined
as follows:

« Red meat: eaten at least five times per week (5 X 90 g cooked
weight). Subjects were also allowed to eat poultry and fish.

o Poultry/fish: eaten at least five times per week (5 X 90 g cooked
weight). Subjects were also allowed to consume a maximum of
90 g pork or ham once per week, but no other red meat.

« Lacto-ovo-vegetarian: no meat or fish eaten for at least 1 year.

Several women were ineligible to take part in the study because of
their habitual consumption of either insufficient or excess red
meat to enter either the red meat or poultry/fish group, respect-
ively. The subjects in this study were actually taking part in a
much larger study involving Fe, Zn and Cu absorption measure-
ments (data not shown). The sample size for the study was
based on the Fe absorption data; with 80 % power and assuming
a standard deviation of 7 % in Fe absorption, a total of ninety sub-
jects (thirty per dietary group) were required to detect a 5%
difference in Fe absorption.

The study was approved by the Norwich District Ethics Com-
mittee and all subjects gave written informed consent.

Study design

All volunteers were free-living during the course of the study. Fe
intake was measured by duplicate diet collection. Menstrual Fe
losses were determined by the direct measurement of menstrual
blood loss for one menstrual cycle. Fe status was measured in
fasting blood samples taken on three consecutive mornings.

Habitual intakes

The habitual dietary Fe intake of each volunteer was assessed from
a7 d duplicate diet collection (West & van Staveren, 1991). Volun-
teers were instructed to select meals that typified their normal diet-
ary patterns for 1 week and to collect an exact duplicate of all food
and drink consumed in each 24 h period into separate plastic con-
tainers. The daily duplicate diets were homogenised using a
Janke and Kunkel IKA-Labortechnic Ultra-Turrax T-50 homogen-
iser (ESSLAB, Hadleigh, Essex, UK) and subsampled into acid-
washed plastic vials. Subsamples were analysed for total Fe content
by inductively coupled plasma MS. A 7d household measures
diary was also kept to confirm that subjects had been allocated to
the appropriate dietary group, but these records were not used to
estimate habitual dietary intakes.

Preparation of duplicate diet samples for iron analysis

An aliquot of sample (2 g wet weight), followed by concentrated
nitric acid (5 ml), was placed into a 50 ml quartz reaction vessel.
Groups of six vessels were heated in a Perkin Elmer Multiwave
microwave digestion system (Perkin Elmer Ltd, Beaconsfield,
Bucks., UK), following the manufacturer’s operating conditions.
When cool, the digests were transferred to graduated polystyrene
test tubes and made up to volume (10 ml) with deionised water.
After thorough mixing, the digest liquor was further diluted, an
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internal standard was added, and the resulting solution was
measured by inductively coupled plasma MS. Analytical batches
included certified reference materials — NIST 1547 (peach
leaves), NIST 1548a (typical diet) and NIST 8436 (durum
wheat flour) (National Institute of Standards and Technology,
Gaithersburg, MD, USA) — reagent blanks and a spiked reagent
blank for recovery estimation purposes.

Assessment of menstrual blood loss

Subjects were supplied with sanitary protection: Tampax tampons
(mini, regular, super, superplus; Proctor and Gamble, Newcastle-
upon-Tyne, UK) and Always towels (normal, normal plus, long
plus, maxi night-time extra; Proctor and Gamble) and were
asked to collect tampons and towels separately into plastic bags
for the duration of one menstrual period. Volunteers used
double-protection, i.e. towels and tampons simultaneously
during the collection period, and were asked to report any
blood losses that were not collected during the period. In order
to minimise blood loss, tampons were changed before micturition
or defecation. A 5ml venous blood sample was taken on day 2 or
3 of the menstrual period and used to standardise the assessment
of menstrual blood loss. Each subject also completed a question-
naire concerning reproductive history and menstrual cycle to
ensure that there was no regular bleeding between menstrual
periods. The volunteers recorded the dates of consecutive men-
strual periods in order to calculate average cycle length.
Menstrual blood loss was quantified using the alkaline haema-
tin method (Hallberg & Nilsson, 1964a) modified by Newton et al.
(1977). Menstrual Fe loss was then calculated from the total men-
strual blood loss of each volunteer using the following equation:

MIL (mg/d) = MBL (ml) X Hb (mg/ml) X 0-00334
Cycle length

where MIL is menstrual Fe loss, MBL is menstrual blood loss,
and 0-00334 is equivalent to the fraction of Fe in Hb at a concen-
tration of 1 mg/ml.

Iron status

On three consecutive days, following a 10 h overnight fast, a 25 ml
venous blood sample was removed from the antecubital vein of each
volunteer. Serum ferritin concentration was used to assess Fe status
and was determined in triplicate using an in-house ELISA (interas-
say CV 15 %) based on the method of Flowers et al. (1986). Batch
analysis of each dietary group took place at the end of the study.
C-reactive protein level was measured using an immunoturbido-
metric assay (Dako Ltd., Ely, Cambridgeshire, UK) at the Chemical
Pathology Department at the Norfolk and Norwich University Hos-
pital to ensure that the ferritin concentrations were not raised
because of an inflammatory response or infection. Ferritin values
were excluded if the C-reactive protein concentration was
> 10 mg/l. Transferrin saturation (interassay CV 9-1 %) was calcu-
lated from direct measurements of serum Fe concentration and total
Fe-binding capacity using the equation:
%Transferrin saturation = (serum Fe/TIBC) X 100

where TIBC is total Fe-binding capacity.

The total serum Fe assay (interassay CV 5-5%) was based

on the method of Carter (1971). Total Fe-binding capacity
(interassay CV 6:4 %) was calculated from the sum of measured

unsaturated Fe-binding capacity and serum Fe. The unsaturated
Fe-binding capacity assay involved the addition of a known
amount of Fe to the plasma samples and the subsequent measure-
ment of non-transferrin-bound Fe (Carter, 1971). Both methods
were automated (Cobas Mira autoanalyser; Roche Diagnostics,
Welwyn Garden City, Hertfordshire, UK) and Lyphochek assayed
chemistry control (human; Bio-Rad, Hemel Hempstead, Hertford-
shire, UK) was used for quality control. Samples were randomly
analysed as all transferrin saturation assays were performed
within 48h of sample collection. Serum transferrin receptors
were quantified in duplicate using a commercially available
ELISA kit (interassay CV 5-8 %) (Quantikine IVD soluble trans-
ferrin receptor ELISA; R & D Systems Inc., Minneapolis, MN,
USA). Haematological parameters, including Hb and mean
corpuscular volume, were measured using an MD8 Coulter Coun-
ter (Beckman Coulter, Fullerton, CA, USA). Assay precisions
were calculated on a monthly basis as part of an external quality
assurance programme (interassay CV <1 % and <4 % for mean
corpuscular volume and Hb respectively).

Statistical analysis

Statistical analysis was performed using the statistical package R
(R Development Core Team, 2003). All data are presented as
means and standard deviations, or median values and interquartile
ranges if the data were skewed. The normality of all data was
checked using the Shapiro—Wilk test. Evidence for a difference
between habitual dietary Fe intake, Fe status measurements and
subject characteristics in the three groups was tested using
ANOVA. For non-normally distributed data, the Kruskal—
Wallis test was performed to test for differences in group location
between the dietary groups. Evidence for a difference in contra-
ceptive use in the three groups was tested using the x* test for
independence, and a P-value was obtained by running 100000
Monte Carlo simulations.

The relationship between Fe stores (serum ferritin) and dietary
Fe intake, menstrual Fe loss and dietary group was examined
using a linear regression model, otherwise referred to as univari-
ate ANOVA. Once the model had been trimmed of all non-signifi-
cant terms, Tukey’s honest significant difference test was used to
identify differences between groups. Model assumptions (e.g. nor-
mality) were checked, but there was no need either to omit or to
transform any data. In the final model, the remaining significant
explanatory variables were complete, and data from all ninety
volunteers were used. A significance level of P<<0-05 was used
for all statistical tests.

Results

All ninety subjects completed the study, and, unless otherwise
stated, data are reported for thirty per group for each parameter
measured. Missing data resulted from either technical difficulties
with sample analysis or failure of the volunteer to provide an
appropriate sample. In the final Fe-status model, data from
eighty-six volunteers were used as ferritin data were excluded
for four subjects owing to a raised C-reactive protein level.

Subject characterisation and menstrual blood loss

Table 1 summarises the subject characteristics and menstrual
blood loss data for each dietary group. The three groups were
well matched: no significant difference was found between the
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Table 1. Subject characteristics, menstrual blood loss (MBL) per cycle and daily loss of iron from menses (MIL)

(Mean and standard deviation, or median and interquartile range)

Red meat Poultry/fish Lacto-ovo-vegetarian
Mean SD Mean SD Mean sD
Age (years) 34 6 32 7 31 6
Height (m) 1.66 0-07 1.65 0-06 1.66 0-06
Weight (kg) 66-2 10-0 66.4 11.0 64-8 132
BMI (kg/m?) 24 3 24 4 23 4
MBL/cycle (ml) 25.1 8.5, 45.8" 15.2* (82, 31-3)" 15.6* 9.0, 22-11
Length of cycle (d) 28 2 28 5 29 4
MIL (mg/d) 0-40 0-14, 0.717 0.25* (0-13, 0-52)F 0-23* 0-13, 0-35"
Method of contraception (%)
Oral contraceptives 30 40 37
Intrauterine device 10 0 6
Other 60 60 57
*Median.

1 Interquartile range.

groups for height, weight, BMI, contraceptive use or age. Owing
to the fact that the menstrual blood loss data were skewed, median
values are presented.

Statistical analysis of the data demonstrated no significant
difference in menstrual blood loss between the groups
(P=0-:399). The menstrual blood loss followed an exponential
distribution (Fig. 1); the median menstrual blood loss for all
groups was 17-6ml, with a mean cycle length of 28 (sp 4) d.
Similarly, menstrual Fe losses were not significantly different
between the dietary groups and, when averaged over a menstrual
cycle, the mean loss of the combined data for all groups was 0-43
(sD 0-45) mg/d (overall median value 0-26 mg/d), and 70 % of the
women lost less than 0-5 mg Fe/d through menses. The method of
contraception used by the subjects is also given in Table 1. A total
of 35:5 % of all volunteers used oral contraceptives, whereas only
5-5 % of all subjects used an intrauterine device. There was a sig-
nificantly lower (P<<0-001) median blood loss (ml/cycle) in oral
contraceptive users than in those using other forms of contracep-
tion (excluding intrauterine devices) (oral contraceptives 10-0 v.
32.9; oral contraceptives 11-:6 v. 17-69; oral contraceptive 13-0
v. 18:0 in the red meat, poultry/fish and vegetarian groups,
respectively). There were too few users of intrauterine devices
to draw any meaningful conclusions from the data.

Dietary intake

There was a significant difference in habitual dietary Fe intake
between the three groups (P=0-025). The red meat group had a

351
30

Number of subjects
N
(=)

Blood loss (ml) per cycle

Fig. 1. Frequency distribution of menstrual blood loss (ml/cycle) in women
aged 18—45 years (n 90).

significantly lower mean intake than the lacto-ovo-vegetarian
group: 1099 (sp 4-3) and 14-5 (SD 5-5) mg/d, respectively.
The poultry/fish group had an intermediate intake of 12-8 (SD
5-1) mg/d, which was not significantly different from that of the
other two groups.

Iron status

Data for the various measures of Fe status are given in Table 2.
The mean Hb concentration for each group was within the
normal range and was not significantly different between the
groups. The serum ferritin data were normally distributed after
taking the effects of menstrual Fe loss and dietary group into con-
sideration. The median serum ferritin concentration was signifi-
cantly lower in the red meat group than in the poultry/fish
group (P<<0-01). This was consistent with the observation that
the red meat group had a significantly lower Fe intake. The
median serum ferritin for the vegetarian group was not signifi-
cantly different from that of the other two groups. The mean
transferrin receptor concentration also differed between groups
(P=0-002), with a significantly higher concentration in the
lacto-ovo-vegetarian group than in the poultry/fish and red meat
groups. This suggested a higher degree of Fe depletion in the
lacto-ovo-vegetarian group; however, the serum ferritin concen-
tration was not significantly different. All other parameters lay
within the normal range, and there were no significant differences
between dietary groups.

Factors affecting iron status

The linear regression model (ANOVA) used to investigate the
relationship between Fe status (serum ferritin) and a range of bio-
logically relevant variables indicated that menstrual Fe loss
(P<<0-001) and dietary group (P=0-040) were important predic-
tors of Fe status, but total Fe intake was not related to Fe
status. Menstrual Fe loss was negatively correlated with serum
ferritin, indicating that a high blood loss was associated with
low Fe stores. The model also suggested that the poultry/fish
group had a significantly higher Fe status than the red meat
group, but no other dietary interaction was significant. Menstrual
Fe loss and dietary group contributed 11-5 % and 6-7 %, respect-
ively, to the total sum of the squared deviance for Fe status.
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Table 2. Measures of iron status (n 30 unless otherwise stated)

(Mean and standard deviation, or median and interquartile range)

Red meat Poultry/fish Vegetarian

Mean sD Mean SD Mean SD
Hb (g/l) 134 7 137 11 135 7
Serum ferritin (p.g/l) 6-8"f 3:3, 16-:31 (n 28) 17.5* 11.8, 22:41 (n 29) 11.1* 6-4, 20-41 (n 29)
Transferrin receptor (mg/l) 319 2.04t 2:63 1.18% 3.92 1.35
Transferrin saturation (%) 21 9 27 13 22 8
Serum Fe (ng/l) 801 289 (n 27) 901 308 (n 26) 855 346 (n 24)
Total Fe binding capacity (n.g/l) 391 61 (n27) 381 60 (n 26) 387 44 (n24)
Mean cell volume (fl) 88-5 4.5 88-8 4.3 89-0 2.9
*Median.

tInterquartile range.
FSignificantly lower than poultry/fish group (P<0-01).
§ Significantly lower than the lacto-ovo-vegetarian group (P=0-002).

The linear regression models were repeated using transferrin
saturation and transferrin receptors as response variables. In the
case of transferrin saturation, menstrual Fe loss was the only
significant explanatory variable (P<<0-001), with an increase in
menstrual Fe loss resulting in a decrease in transferrin saturation.
Dietary group (P=0-002) was the only significant variable when
transferrin receptor concentration was used as the response vari-
able, the lacto-ovo-vegetarian group having significantly higher
concentrations of transferrin receptors than both the red meat
and poultry/fish groups.

Discussion

It has been suggested that Fe nutrition in vegetarians may not be
optimal: (a) because haem Fe is more readily absorbed than non-
haem Fe; (b) because meat enhances non-haem Fe absorption via
the as-yet-unidentified ‘meat factor’; (c) because vegetarian diets
generally contain higher quantities of inhibitors of Fe absorption,
for example, phytate, tannins and Ca (Hallberg & Hulthen, 2000).
Although haem Fe represents only 10—15 % of dietary Fe intake
in meat-eaters, it could contribute at least 40 % of the total Fe
absorbed. Estimating the haem Fe content of diets is somewhat
problematic owing to the technical difficulties associated with
direct measurement of the haem Fe content of flesh foods. It is,
however, generally reported that red meat (beef, lamb, pork) con-
tains approximately 60 % haem Fe (Rangan et al. 1997b; Purchas
et al. 2003), poultry in the region of 20—40 % (Hendricks et al.
1987; Han et al. 1993), and fish 18—75 % (Rangan et al. 1997b;
Gomez-Basauri & Regenstein, 1992).

Vegetarians have been reported to have lower Fe stores
(McEndree et al. 1983; Faber et al. 1986; Worthington-Roberts
et al. 1988) despite an adequate Fe intake (Helman & Darnton-
Hill, 1987; Reddy & Sanders, 1990; Alexander et al. 1994). In
some investigations, the prevalence of Fe-deficiency anaemia
(determined by Hb concentration) is similar to that of omni-
vores (Nelson er al. 1994), whereas other studies report lower
Hb concentrations in vegetarians (Nathan et al. 1996). Long-
term lacto-ovo-vegetarians and female vegans, even with a
high dietary fibre (and hence phytate) intake, have been
found to have a similar Fe status to omnivores (Craig, 1994;
Haddad et al. 1999), supporting the hypothesis that homeostasis
is maintained through an upregulation of Fe absorption.
It appears, however, that adaptation can only occur with a
high-bioavailability diet (Hunt, 2003), which illustrates the
key role played by the diet in determining Fe balance.

It is difficult to detect mild Fe deficiency because of the
absence of a definitive biomarker of Fe status. Serum ferritin con-
centration is a sensitive, but not necessarily specific, measure of
Fe stores: phlebotomy studies have established that a concen-
tration of 1 g/l corresponds to mobilisable Fe stores of about
8mg (Walters et al. 1973). However, the cut-off value that
indicates a depletion of Fe stores is subject to debate, with
recommended values ranging from 10 to 15 ug/l (Australian
Iron Status Advisory Panel, 1996; Milman et al. 1998) up to
22 g/l (Suominen et al. 1998). Ferritin is an acute-phase protein
so its level is raised in periods of acute inflammation or infection,
and it can remain elevated for weeks after the infection has disap-
peared (Hulthen et al. 1998).

It is clear from the data in the present study (Fig. 2) that a sub-
stantial proportion of women in all three dietary groups had low
or absent Fe stores, but the serum ferritin distribution of the poul-
try/fish group was different from that of the other two groups and
indicated a lesser degree of Fe deficiency: 60 % of the red meat
group, 40% of the vegetarians and 20% of the poultry/fish
group had a serum ferritin concentration <10ug/l. As no
women volunteering for the study were excluded because of anae-
mia, the potential bias in Fe status between the groups was mini-
mised. There was no other haematological evidence to suggest
that these individuals had progressed beyond the first phase of
Fe deficiency (stage 1), resulting in Fe-deficient erythropoiesis

201

15

10

Number of subjects

1
30-1- 40

0-10 10-1- 20 20-1- 30
Serum ferritin (ug/l)

Fig. 2. Distribution of serum ferritin (ng/l) N, Red meat; E, poultry/fish; O,
lacto-ovo-vegetarian.
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(stage 1II) (Suominen et al. 1998). Fe-deficiency anaemia
(stage III), diagnosed as an Hb value <120g/l (World Health
Organization, 1994), was not observed in any of the groups.
The lacto-ovo-vegetarian group had a significantly higher trans-
ferrin receptor concentration than the poultry/fish group, which
suggests that they were slightly more Fe-deficient. Although not
statistically significant, the poultry/fish group appeared to have
the highest Fe status, with the highest ferritin, transferrin satur-
ation, serum Fe and Hb concentrations of all three groups, as
well as the lowest transferrin receptor concentration.

Menstrual Fe loss was the key factor in the determination of Fe
status in this study, accounting for 11-5 % of the variance in fer-
ritin concentration. Menstrual blood loss in individuals varies
little between cycles (Hallberg & Nilsson, 1964b), but intra-indi-
vidual variation is considerable (Hallberg er al. 1966). Studies in
identical and non-identical twins have established that menstrual
blood losses are largely under genetic control (Rybo & Hallberg,
1966). A comprehensive study carried out in Sweden in the mid-
1960s (Hallberg et al. 1966) found the mean blood loss per men-
strual cycle was 44 ml, which equates to an average Fe loss of
0-7mg/d. The Swedish data were, however, collected before the
widespread use of oral contraceptives, which are known to
reduce blood loss (Larsson et al. 1992). In this earlier study, it
was reported that only one subject was using oral contraceptives,
whereas latest figures in the UK suggest that almost one-third
(32%) of women use some form of oral contraceptive
(Lawrenson et al. 1999). Intrauterine devices also alter menstrual
blood loss, but in the opposite direction (Milsom ez al. 1995), and
it is reported that only 2-2 % of women prefer to use this method
of contraception (Lawrenson ef al. 1999). In the present study, the
mean blood loss was 26 ml/cycle, which could be explained by
the use of oral contraceptives in approximately 30% of the
women, but in addition, the nature of the study meant that the vol-
unteers were a self-selected group, possibly with a non-represen-
tative number of women with high menstrual losses.

Previous studies investigating the effect of menstrual blood loss
on Fe status have mainly used qualitative estimates of menstrual
blood loss. The advantage of the present study was that direct
measurements were made, which enabled us to quantify menstrual
Fe loss. Most of the earlier studies used surrogate estimates of
menstrual blood loss such as self-reported duration (Razagui
et al. 1991), frequency of menstruation (Worthington-Roberts
et al. 1988) or pre- or postmenopausal status (i.e. menstrual
blood loss or no menstrual blood loss; Kenney, 1985; Bairati
et al. 1989; Yokoi et al. 1994). The results are inconsistent: one
study found no association between self-reported estimated
blood loss and serum ferritin level (Bairati et al. 1989), whereas
another found a positive correlation (Kenney, 1985). It is widely
accepted that women’s ability to self-report menstrual blood loss
is highly inaccurate (Hallberg er al. 1966) so conclusions from
qualitative studies should be viewed with caution.

Several studies have shown that serum ferritin is related to the
length of the menstrual period (Galan et al. 1985; Soustre et al.
1986; Milman et al. 1993; Rangan et al. 1997a), and in a
recent study on the aetiology of mild Fe deficiency in premeno-
pausal New Zealand women, it was observed that serum ferritin
level correlated with the duration of menstruation and extent of
bleeding (Heath er al. 2001) assessed from a menstrual recall
method (Heath er al. 1998). In response to the correlation between
serum ferritin and menstrual blood loss, the Institute of Medi-
cine’s Dietary Reference Intakes report on micronutrients (Food

and Nutrition Board/Institute of Medicine, 2000) used menstrual
blood loss as the basis for setting the RDA for Fe in women of
childbearing age.

The results of the present study demonstrated that menstrual Fe
loss was inversely related to Fe status (ferritin), with higher men-
strual Fe losses resulting in a lower Fe status (P<<0-001); on aver-
age, a 1 mg/d increase in menstrual Fe loss resulted in a decrease
in serum ferritin of 6-9 wg/l. The data in this study were obtained
from direct measurements of menstrual blood loss using the ‘gold
standard’ alkaline haematin method, but this is not appropriate for
widespread diagnostic use. A simple menstrual pictogram has
been developed and validated, and can be used to provide a
semi-quantitative estimate of menstrual blood loss and to diag-
nose heavy menstrual bleeding (Wyatt et al. 2001).

Total dietary Fe intake was shown to be unrelated to Fe stores,
but dietary group was a key determinant of Fe status, accounting
for 6:7% of the variance in serum ferritin concentration. A
detailed investigation of the active dietary components was not
possible in the present study, although additional dietary analysis
is currently underway to attempt to identify which dietary factors
are most important. Liu ez al. (2003) studied the relationship
between diet and body Fe stores in postmenopausal women and
found a significant (P<<0-01) correlation (Spearman partial corre-
lation coefficient) between plasma ferritin and haem Fe intake
(r 0-15), red meat intake (r 0-11), Fe supplementation (r 0-12)
and alcohol (r 0-14), and a negative correlation (P<<0-05) with
phytate (r —0:09). The group had a higher Fe status (median
serum ferritin 73-8 pg/l) than the premenopausal women in the
present study (median serum ferritin for all groups 13-0 pg/l)
but similar Fe intakes (median 10-2 mg/d). Fe intake was assessed
by a food-frequency questionnaire, which is less accurate than our
7d duplicate-diet method, which gave a median Fe intake of
11-9mg/d.

The results of this study indicate that a large proportion of UK
women of childbearing age may be in a precarious position with
regard to the supply of Fe from the diet. A high number are at risk
of becoming Fe deficient, and the data suggest that those habitu-
ally consuming a diet containing poultry and fish may have a
higher Fe status than red meat consumers, whereas a lacto-ovo-
vegetarian diet does not confer any additional risk or benefit.
Although the red meat group had a significantly lower serum
ferritin level than the poultry/fish group, their habitual Fe intake
(10-9mg/d) was, however, significantly lower than that of the
lacto-ovo-vegetarian group (14-5mg/d) and not dissimilar to the
mean Fe intake from food in women aged 19-49 years (9-4 mg/
d) in the second adult National Diet and Nutrition Survey (Hen-
derson er al. 2003). It should be pointed out that the latter
figure is derived from food diaries and a food composition data-
base, whereas our data were generated by analysing a 7d dupli-
cate diet. The latter, more accurate, technique is required for
evaluating relationships between nutrient intake and other factors
on an individual basis. The mean ferritin concentration indicated
that all groups had low Fe stores. There was no significant differ-
ence between the dietary groups for any other indicator related to
Fe status, apart from a significantly raised transferrin receptor
concentration in the vegetarian group compared with the poul-
try/fish group.

In summary, menstrual blood loss was the most significant factor
affecting Fe status, and, although less important, the type of diet
consumed by the women had a significant effect on serum ferritin
concentration. The women of childbearing age who volunteered
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for our study had low Fe stores, but the consumption of a lacto-ovo-
vegetarian diet was not associated with a lower Fe status compared
with omnivorous diets. The Fe stores of the women who ate poultry
and fish were significantly higher than those of the women who ate
red meat. Further investigations need to be carried out to determine
what factors within the three types of diet are responsible for the
differences in Fe status. Since menstrual Fe loss is a key determinant
of Fe status, strategies to prevent Fe deficiency in women should
include an assessment of menstrual blood loss. Those with a high
menstrual blood loss may be able to decrease their risk of Fe
deficiency by using oral contraceptives, which are reported to
decrease blood loss by approximately 50 % (Callard et al. 1966).
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