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ABSTRACT

Understanding the iron status in pregnant women in Europe
provides a foundation for considering the role of iron screening
and supplementation. However, available reports and studies have
used different approaches that challenge the devising of overall sum-
maries. Moreover, data on pregnant women are limited, and thus,
data on women of reproductive age provide useful background in-
formation including baseline iron stores in pregnant women. This
review considered data that are available from >15 European coun-
tries including national surveys and relevant clinical studies. In
European women of reproductive age, median or geometric mean
serum ferritin (SF) concentrations were estimated at 26-38 ug/L.
Approximately 40-55% of this population had small or depleted
iron stores (i.e., SF concentration =30 ug/L), and 45-60% of this
population had apparently replete iron stores. The prevalence of iron
deficiency (ID) and iron deficiency anemia (IDA) was 10-32% and
2-5%, respectively, depending on the cutoffs used. Approximately
20-35% of European women of reproductive age had sufficient iron
stores (SF concentration >70 ug/L) to complete a pregnancy with-
out supplementary iron. During pregnancy, European women in
controlled supplementation trials who were not receiving iron sup-
plements displayed increasing prevalences of ID and IDA during
pregnancy, which peaked in the middle to late third trimester. Avail-
able evidence has suggested that, in gestational weeks 32-39, the
median or geometric mean SF concentrations were 6-21 ug/L, and
prevalences of ID and IDA were 28-85% and 21-35%, respectively.
Women who were taking iron supplements had higher iron status
and lower prevalences of ID and IDA, which were dependent on the
dose of iron and compliance. The data suggest that, in Europe, the
iron status of reproductive-aged women varies by region and
worsens in pregnancy without iron supplementation. Am J
Clin Nutr 2017;106(Suppl):16555-62S.
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INTRODUCTION

Describing the iron status of pregnant women is often chal-
lenged by the limited nature of available data. Such descriptions
can be enhanced by examining the iron status of women of re-
productive age whereby successful pregnancy is in part dependent
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on the condition of the woman before becoming pregnant.
Prepregnancy body iron stores are important because during
pregnancy there is a marked physiologic increase in the demands
for absorbed iron to expand the woman’s red blood cell mass and
to secure an adequate iron supply for the function of the placenta
and the growing fetus. The total amount of iron that is needed
for a normal pregnancy is ~1000-1200 mg (1). To complete a
normal pregnancy without taking iron supplements and without
developing iron deficiency (ID) or iron deficiency anemia (IDA),
the woman should have body iron stores at conception of
=500 mg (2), which correspond to serum ferritin (SF) concen-
trations of 70-80 ug/L (1). In short, the iron status of the
reproductive-aged woman is important in terms of the iron stores
that are needed for pregnancy, and this consideration enhances the
understanding of the iron status of pregnant women.

This review, which encompasses both pregnant women and
women of reproductive age, was intended to support discussions
during an NIH workshop that was focused on the screening and
supplementation of pregnant women and young children. The
review reflects data that were gleaned from a literature search
that used PubMed (www.ncbi.nlm.nih.gov/pubmed) and other
sources. Although intake of iron is not the focus of this review, the
general nature of iron intake in European women is worth noting.
Recommended intake of iron for reproductive-aged women
varies from 14.8 to 20 mg/d depending on the country (3, 4). This
intake can be compared with that in the United States and Canada
where the recommended intake is 18 mg/d (5). For pregnancy,
recommendations in Europe vary from supplementation in-
creases of 27 mg/d (5) to 40 mg/d (3), whereas the European Food
Safety Authority (4) recommends no increase in iron intake over
that recommended for the nonpregnant woman on the basis of the
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assumption of increased iron absorption. Such enhanced ab-
sorption has been reported to have been seen in pregnant women
with ID or IDA (6) but not in those with replete stores (7). There
are several European studies (1, 8-10) and national monitoring
surveys (11-19) that were conducted in the past 15 y on iron
intake in reproductive-aged and pregnant women that have
suggested that the majority of women did not consume recom-
mended iron intakes. Of course, iron status and stores are
influenced by a number of factors beyond dietary iron intake
including the bioavailability of the iron consumed as well as the
magnitude of blood loss from menstruation and parity.

ASSESSING IRON STATUS: CUTOFFS FOR SF
AND HEMOGLOBIN

In the typical assessment of iron status, SF concentrations are
considered to be reflective of mobilizable body iron stores,
whereas hemoglobin concentrations are used, often in con-
junction with SF concentrations, as indicators of functional iron.
SF concentrations are affected by infection and inflammation,
which limit their interpretation as has been highlighted by other
authors in these proceedings (20, 21), but the measure remains
commonly used.

For the majority of studies that are presented in this review, ID
is defined as an SF concentration <15 ug/L or, in some studies,
as an SF concentration <12 ug/L and, in a few studies, as an SF
concentration <10 ug/L (22). The distributions of SF concen-
trations in various populations are skewed to the right, but a
normal distribution can be obtained by the log; transformation
of SF concentrations. Therefore, the medians or geometric
means (i.e., antilog;y mean values) should be used in the sta-
tistical analyses and in the description of the distributions of SF
concentrations. The often-used and -quoted arithmetic mean
yields a falsely high mean value and is not representative of the
true normal distribution.

Before the era of SF analysis that began in the 1970s, a his-
tochemical assessment of bone marrow hemosiderin iron was
used to determine whether mobilizable body iron stores were
present. Several studies have shown that individuals with no
stainable bone marrow hemosiderin iron had SF concentrations
=30 pg/L (22, 23). Therefore, the presence of small or depleted
iron stores is defined as an SF concentration =30 ug/L. In-
dividuals with an SF concentration >30 ug/L are considered to
have stainable bone marrow hemosiderin iron and, therefore, to
be iron replete. These individuals have mobilizable body iron
stores of ~230 mg, which correspond to the iron content in one
blood donation of 500 mL. In the majority of studies, an iron
overload in women of reproductive age is defined as an SF
concentration >200 ug/L and, in one study, as an SF concen-
tration =110 ug/L (24). To our knowledge, definitions of iron
replete and excess iron stores are not available for pregnant
women.

Hemoglobin concentrations are used to characterize anemia,
and cutoffs for anemia and IDA have been provided by the WHO
(25). For nonpregnant women, the WHO defines anemia as
hemoglobin concentrations <120 g/L. and defines IDA as he-
moglobin concentrations <120 g/L. and SF concentrations
<15 or <12 ug/L. In pregnant women globally, including
Europe, the WHO defines anemia as hemoglobin concentrations
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<110 g/L and defines IDA as hemoglobin concentrations
<110 g/L and SF concentrations <15 or <12 ug/L.

IRON STATUS IN APPARENTLY HEALTHY WOMEN OF
REPRODUCTIVE AGE

The WHO report on the global prevalence of anemia (25) states
that 19.9% of nonpregnant women aged 15-49 y living in the UN
European Region have anemia, which is predominantly due to
ID. On the basis of these data, anemia is more prevalent in
Eastern Europe than in Northern, Western, and Southern Europe.

A number of European epidemiologic studies have examined
iron status in women of reproductive age. In the beginning of the
SF era, a phlebotomy study in English premenopausal women
(n = 10) showed mean mobilizable body iron stores of 210 mg
(26). An overview of European iron-status studies in menstru-
ating women has previously been presented by Hallberg (27).
The prevalence of ID was 4-33%, with the lowest in Iceland
and the highest in Sweden. In turn, 67-96% of the women dis-
played sufficient iron stores to avoid IDA. However, a direct
comparison of the different studies is not possible because the
studies used different first-generation, nonstandardized SF as-
says; also, the SF concentration cutoffs for ID varied from <20
to <10 pg/L. A later review of iron-status studies in menstru-
ating women in Europe was conducted by Hercberg et al. (28).
Depending on the SF assays and cutoffs, a similar prevalence of
ID (11-13%) was reported compared with that in the earlier
study, with the lowest in Finland and the highest in Sweden. In
turn, this finding suggested that 67-89% of the women displayed
sufficient iron stores.

An overview of European studies on iron status in women of
reproductive age is shown in Table 1. In most countries, the
median or geometric mean SF concentrations were quite similar
and ranged from 29 ug/L in a large Norwegian study (24) to
38 wug/L in the comprehensive Danish studies (31, 37). Four
studies of Danish women at the various ages of 3040 y (38),
40 y (31), 16-31 y (37), and 18-23 y, showed comparable SF
concentrations with geometric means of 35-38 ug/L across the
1994-1999 study period. A comparable geometric mean SF
concentration (34 ug/L) was reported in French women aged
35 y (33), but slightly lower median SF concentrations were
reported in Norwegian women aged 20-49 y (29 ug/L) (24) and
in Belgian women aged 18-39 y (26 uwg/L) (29). In contrast,
a number of studies reported arithmetic means for SF concen-
trations in reproductive-aged women in Finland (30, 32), Italy
(32), Netherlands (32, 34), Poland (32), and Spain (36) that were
consistently, but falsely, higher at 30-47 ug/L (due to the use of
arithmetic mean). On the basis of the geometric mean for 30-40-y-old
Danish women (38), the calculated mean iron store was 263 mg.

The reported prevalence of ID ranged widely with age and
geographic location, but overall, the prevalence of IDA was lower
than that of ID. For Danish women, ID (SF concentration
<15 ug/L) was low with prevalences ranging from 11.7% in
women aged 18-23 y (35) to 17.2% in women aged 3040 y
(38). The ID prevalence was comparable in Dutch (30, 34) and
Finnish (32) women aged 20-49 y, ranging from 11.3% to 16%,
was lower in Polish and Italian women aged 20-23 y, ranging
from 3.1% to 8.4%, and was somewhat higher in Norwegian
(24), Belgian (29), French (33), and Spanish (36) women aged
18—49 y, ranging from 22% to 23.4%. The prevalence of ID in
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TABLE 1
Iron status in healthy women of reproductive age in Europe’

Study Country Sample, n Age, y SE, pg/L D, % IDA,? % Iron overload,* %
Pynaert et al. (29) Belgium 599 18-39 26 (16-48)° 23.0 3.0 NA
Borch-Iohnsen et al. (24) Norway 1484 20-39 — — — —
20-29 32 (18-51)° 19.6 3.7° 337
30-39 27 (15-47)° 242 5.3% 277
Lahti-Koski et al. (30) Finland 118 2049 32 + 308 32.1 3? NA
Milman et al. (31) Denmark 380 40 39 (10, 170)"° 12.4 1.84M, 29
245] 1,12
van de Vijver et al. (32) Finland 82 20-23 30" 11.3" NA NA
Netherlands 96 20-23 4713 10.8' NA NA
Poland 9 20-23 4213 3.1 NA NA
Ttaly 99 20-23 3313 8.4 NA NA
Galan et al. (33) France 2432 35-44 — 22.7% 4.4 NA
35-39 33.7 (5, 116) — — —
40-44 32.4 (5, 116) — — —
Brussaard et al. (34) Netherlands 75 20-49 39 * 36 16.0'° 4.0 NA
Milman et al. (35) Denmark 213 18-23 — — — —
18-19 30 (10, 89) 13.9 42" 0
20-21 32 (8, 86) 13.9 0" 0
22-23 40 (12, 119) 7.9 1.3"7 0
Quintas et al. (36) Spain 130 19-35 37 (3-141)'8 23.1" 3.9 NA
Milman et al. (37) Denmark 284 16-31 45 (13, 102)'° 9.5 49 0.4
Milman and Kirchhoff (38) Denmark 704 30 and 40 35 (6, 135)'° 17.2 2.3 1.3

'ID, iron deficiency; IDA, iron deficiency anemia; NA, not applicable; SF, serum ferritin.
2 SF concentration <15 or <16 ug/L.

3 Hemoglobin concentration <120 g/L and an SF concentration compatible with ID.

*SF concentration >200 pug/L.

5Median; IQR in parentheses (all such values).

S SF concentration <12 ug/L and hemoglobin concentration <120 g/L.

7 SF concentration >109 ug/L.

8 Arithmetic mean * SD (all such values).

° Approximate value.

19 Geometric mean; Sth, 95th percentiles in parentheses (all such values).

''SF concentration <13 ug/L and hemoglobin concentration <5th percentile in the group of women.
12 Premenopausal group.

13 Arithmetic mean.

'“SF concentration <12 ug/L. Extrapolated from figure.

'S Menstruating women only.

' SF concentration <10 pug/L.

'7SF concentration <13 ug/L and hemoglobin concentration <121 g/L.

'8 Arithmetic mean; observed range in parentheses.

!9 Defined by level one of the Multiple Biochemical Indexes model.

Finnish women as reported by van de Vijver et al. (32) was
11.3% in women aged 20-23 y but differed from that of Lahti-
Koski et al. (30) who reported a prevalence of 32.1% in Finnish
women aged 20-49 y. However, age ranges differed in these 2
studies. The prevalence of IDA (hemoglobin concentration
<120 g/L and SF concentration <12 ug/L) was lower than that
of ID and was comparable in Danish (2.3-4.9%), Norwegian
(4.7%), Belgian (3%), Dutch (4.0%), Finnish (5.9%), French
(4.4%), Spanish (3.9%), and Swedish (6.9%) women of re-
productive age.

The prevalence of small or depleted iron stores (SF concen-
tration <30 wg/L) in women of reproductive age was higher
than that of ID, whereas the prevalence of replete iron stores
varied more. In Danish women aged 30—40 y (38), 39.9% had
small or depleted iron stores; ~60% had replete iron stores, and
only 28.4% had concentrations >60 wg/L (i.e., sufficient iron
stores to undergo pregnancy without iron supplementation). In

Norwegian women (24), ~50% had small or depleted iron
stores (SF concentration =30 ug/L), whereas ~50% had replete
iron stores.

Iron-overload data were only available for Danish and Nor-
wegian women. Across the 4 Danish studies, the prevalence of
iron overload (SF concentration >200 wg/L) was low, ranging
from none in the youngest Danish women (35, 37) to 1.3% in
those aged 2040 y (38). Iron overload (SF concentration
=110 mg/L) was slightly higher at 3.8% of the Norwegian
women of reproductive age (24).

IRON STATUS IN PREGNANT WOMEN

According to the WHO report on anemia (25), in the UN
European Region, 24.5% of pregnant women aged 15-49 y have
anemia that is predominantly caused by ID. However, there has
been a lack of European epidemiologic studies that have assessed
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iron status from early pregnancy to delivery in women who were
not taking iron supplements. Nowadays, such studies cannot be
performed because of ethical concerns. Consequently, the best
estimates of iron status are based on individuals who are not
taking an iron supplement as have been reported from nation-
wide epidemiologic studies, from placebo controlled studies,
and from cross-sectional studies in pregnant women who, for
various reasons, were not taking iron supplements, although
these latter types of studies pose interpretational challenges be-
cause of self-selection bias.

To our knowledge, 1 cohort study and 2 nationally repre-
sentative studies of iron status in pregnant women have been
conducted in Belgium (n = 1311) (39), Switzerland (n = 381)
(40), and Germany (n = 378) (41). The prevalence of ID in
Belgium was 6% and 23% (SF concentration <15 ug/L) in the
first and third trimesters, respectively. The prevalence of ID was
19% (SF concentration <12 wg/L) in Switzerland and Germany.
The prevalence of IDA (hemoglobin concentration <110 g/L
and SF concentration <15 ug/L) was 16% in Belgium and 3%
in Switzerland although 65-66% of the Belgian and Swiss
women took iron supplements. In Germany, 12% of the women
had IDA on the basis of the slightly different criteria of a he-
moglobin concentration <110 g/L and soluble transferrin re-
ceptor concentration >3.3 mg/L. Swiss pregnant women who
were taking iron supplements in the third trimester had sub-
stantially higher SF concentrations than did those who were not
taking supplements. German pregnant women who were not
taking an iron supplement had greater risks of ID and IDA. Most
pregnant women in Belgium, Switzerland, and Germany have
adequate iron status in pregnancy, and the authors of the study in
Switzerland concluded that iron supplements have a positive
impact on iron status. Finally, most pregnant women in Belgium,
Switzerland, and Germany appear to have adequate iron status in
pregnancy.

Iron status without iron supplements

In controlled studies, groups who were not taking iron sup-
plements (42-49) had geometric mean SF concentrations rang-
ing from 7.7 to 12 wg/L in British (47), Danish (44), French
(49), and Spanish (42) pregnant women; the arithmetic mean SF
concentrations ranged from 6 to 21 wg/L, which can be falsely
high. The prevalence of ID ranged from a low of 28% in Danish
pregnant women (44) to a high of 85% in Norwegian pregnant
women (43). The prevalence of IDA ranged from a low of 4% in
Norwegian pregnant women (43) to a high of 35% in Spanish
pregnant women (42). The prevalences of ID and IDA increased
gradually during pregnancy and peaked in the middle or late
third trimester as shown in Figure 1.

Iron status with iron supplements

An overview of European placebo-controlled and other ex-
perimental studies of iron supplementation in pregnant women is
shown in Table 2. Results are presented for the iron-status in-
dicator for both control and supplemented treatment groups to
facilitate the interpretation of the intervention. In addition, iron
status in the late third trimester (gestational weeks 32-39) is
presented to facilitate a comparison of the studies.
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FIGURE 1 ID and IDA during pregnancy in healthy Danish women

taking a placebo or 66 mg Fe**/d from 14 to 18 wk gestation to delivery.
The graph was created from data published in references 44 and 50. ID was
defined as a serum ferritin concentration <12 ug/L; IDA was defined as
a serum ferritin concentration <12 ug/L and hemoglobin below the discrim-
inatory values for anemia in iron-replete women on the basis of data from
reference 50. ID, iron deficiency; IDA, iron deficiency anemia.

Iron status improved in ferrous iron—supplemented pregnant
women compared with in women who were taking a placebo. In
an overview of European iron-status studies in women (28), ID
was reported in 25-77% of pregnant women, and IDA was re-
ported in 6-30% of pregnant women with a lower prevalence in
women who were taking iron supplements. Placebo-controlled
and experimental studies that are shown in Table 2 provided a
range of ferrous iron supplements from 18 to 200 mg/d, which
began to be taken between 12 and 18 wk gestation and continued
through term. In the controlled studies, geometric mean SF
concentrations in the iron-supplemented groups varied with the
supplemental dose late in term (32-39 wk gestation). Although
it is difficult to generalize across the studies because of over-
lapping response ranges, a higher supplemental dosage seemed to
result in slightly higher geometric mean SF concentrations, but
within studies and across studies, no readily apparent relation could
be characterized. Women who were taking doses of iron from 18 to
27 mg/d attained SF concentrations ranging from a geometric mean
of 15.5 ug/L (52) to 21 wg/L (51) or an arithmetic mean of 10 ug/L
(53). Women who were taking doses from 40 to 60 mg/d attained SF
concentrations ranging from a geometric mean of 9.3 ug/L (42) to
30 wg/ll (51). Women who were taking higher doses of 60—
100 mg/d attained geometric mean SF concentrations of 13.9 ug/L
(42) to 22.9 pg/L (52) or an arithmetic mean of 28 ug/L (53). Fi-
nally, women who were taking the highest doses of >100-200 mg/d
attained a geometric mean SF concentration of 14.9 ug/L. (42) or an
arithmetic mean of 24 ug/L (45) or 27 ug/L (46).

Increasing the supplemental iron dosage, when considered
across and within studies, appeared to result in decreased prev-
alences of ID and IDA although, again, the overlapping response
ranges made it hard to discern a consistent dose-response
pattern. The prevalence of ID in the iron-supplemented groups
ranged from higher rates of 14.8% (54) to 72% (53) or from
13.8% (30) to 70% (42) with the lowest and intermediate doses of
18-27 and 40-60 mg/d, respectively, to lower rates from 3% (44) to
37% (42) with the highest doses >60-200 mg/d. The prevalence
of IDA was lower than that of ID and ranged from none (43) to
10% (51) with the lowest dose of 18-27 mg/d and from none (44)
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Experimental studies of iron supplementation in healthy pregnant women in Europe'

32-39-wk test range

Study SF, ug/L D, % (95% CI) DA, % (95% CI)
Sample,  period, Treatment,
Study Country n wk Fe** mg/d C Treatment C Treatment C Treatment
Milman et al. (51)2 Denmark IG1: 40; 15 1G1: 25° B: NA 1G1: 21 (9, 58)4; — 1G1: 14.8%; — IGI1: 06;
1G2: 40 1G2: 50" D 1G2: 30 (8, 154)* 1G2: 13.8° 1G2: 3.4°
Ribot et al. (42) Spain IGI: 169; 10 IG1: <60%; 7.7 (7.1, 8.3)* IG1: 9.3 81.5 IG1: 70.3 352 IG1: 22.2
1G2: 38; (8.6, 10.0)*; (71.8,91.2)*%  (63.4,77.2)*%%  (23.2,472%7  (15.9, 28.5)*°;
1G3: 90; 1G2: 60-100% 1G2: 13.2 (12.6, 13.8); 1G2: 47.2 1G2: 11.4
C: 61 1G3: >100® 1G3: 14.9 (14.2, 15.6)* (31.3, 63.1)*%; (1.3, 21.5)*¢;
1G3: 37.6 IG3: 14.6
(27.6, 47.6)*° (7.3, 21.9)*¢
Milman et al. (52)'° Denmark IG1: 61; 18 IG1: 207; NA IG1: 15.5 = 2.0'"; — IG1: 28.8'% — IG1: 10'3;
1G2: 66; 1G2: 407, 1G2: 224 = 1.7'"; 1G2: 11.1'% 1G2: 4.5'3;
1G3: 73; 1G3: 607; 1G3: 229 = 1.7'} 1G3: 10.0'% 1G3: 0%
1G4: 69; 1G4: 807 1G4: 269 = 1.7" 1G4: 9.0"? 1G4: 1.5
Eskeland et al. (43) Norway HIG:24; 20 HIG: 3.6 mg Fe** — — 85! HIG: 29'%; 4 0"
NHIG: heme and 24 mg Fe>* 7 NHIG: 52'*
25; C:20 NHIG: 27’
Thomsen et al. (53)'  Denmark 1G1: 22; 16 1G1: 1007; — 1G1: 28.0 (19.0, 36.7)'%;  1G2: 72" 1G1: 5'7 — —
1G2: 21 1G2: 18'8 1G2: 10.0 (8.5, 15.5)'°
Milman et al. (44) Denmark 1G: 100; 12 66" 12% 21%° 28° 3° 213 0’
C: 107
Galan et al. (49) France 1G: 81; 12 457! 10% 19?2 65° 30° — 4
(in French) C: 84
Romslo et al. (45) Norway IG: 22; 12 2007 6.0 5% 24.0 £13% 83 5% — —
C:23
Foulkes and United 1G: 251; 12 1007 — — — — — —
Goldie (48) Kingdom C: 250
Taylor et al. (47) United IG: 21; 12 657 6 (2.5, 12.5)'° 15.8 (7.0, 41.8)"° — — — —
Kingdom  C: 24
Puolakka et al. (46) Finland 1G: 16; 16 2007 21 (12, 35)'° 63 (43, 92)'° — — — —
C: 16

'C, control group; HIG, heme iron group; ID, iron deficiency; IDA, iron deficiency anemia; IG, intervention group; NA, not applicable; NHIG, non-heme iron group; SE,

serum ferritin.
2 Noninferiority study.
3 Ferrous-bisglycinate.
4Geometric mean; 2.5th, 97.5th percentiles in parentheses.
% SF concentration <15 pug/L.
©Hemoglobin concentration <110 g/L and SF concentration <12 ug/L.
7 Ferrous sulfate.
8 Different iron compounds.
°SF concentration <12 ng/L.
'%Dose-response study.
' Geometric mean = SD.
12SF concentration <13 pug/L.

13 SF concentration <13 ng/L and hemoglobin concentration <6.6 mmol/L (106 g/L), 6.5 mmol/L (105 g/L), or 7.2 mmol/L (115 g/L).

!4 SF concentration <11.5 ug/L.

'S Hemoglobin concentration <100 g/L and SF concentration <15 ug/L as determined through reported treatment failures.

!¢ Arithmetic mean; 2.5th, 97.5th percentiles in parentheses.
'7SF concentration <15 ug/L.

'8 Ferrous fumarate in a multivitamin and multimineral tablet.
' Ferrous fumarate.

20 Geometric mean derived from figure.

2! Ferrous betainate hydrochloride.

22 Geometric mean.

2 Arithmetic mean = SD.

24SF concentration <10 pg/L.

to 1.5% (51) with the highest dose of 60—100 mg/d. As shown in
Figure 1, the prevalence of ID and IDA was lower in iron-
supplemented women than in placebo-treated women.

CONCLUSIONS

There exist only scarce data that have been published in
English on iron status in women in Eastern European countries.

Further surveys are needed in these areas. In studies dated from
1992 (38), iron status in predominantly Western European
women of reproductive age appeared to be similar to that in
Western countries with respect to the low prevalence of IDA and
was somewhat more variable with respect to the prevalence of ID.
The overall prevalence of IDA ranges from only 2-5%, and the
prevalence of ID in various countries ranges from 10% to 33%.
These prevalences indicated that >70% of the women had
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adequate iron status, but body iron stores may display greater
variation between countries. Median SF concentrations ranged
from 26 to 38 ug/L, suggesting that, in most countries, ~40-
50% of women of reproductive age may have small or depleted
iron stores (SF concentrations =30 ug/L), whereas 50-60% of
women of reproductive age have replete iron stores. When
women become pregnant, demands for absorbed iron increase,
which some women cannot meet exclusively by dietary iron
intake. However, women with preconception SF concentrations
>60-70 pg/L have sufficient body iron stores of 400-500 mg to
complete pregnancy without taking iron supplements. Approxi-
mately 28% of Danish premenopausal women were reported to
have such sufficient iron stores, but to our knowledge, the preva-
lence of sufficient iron stores for women in other countries is not
known. As an estimate, depending on the individual country, ~ 20—
35% of the female population of reproductive age may have suf-
ficient iron stores and, consequently, may not need supplementary
iron during pregnancy.

In women of reproductive age, iron overload is relatively rare,
ranging from 0.4% to 3.0%. The prevalence of iron overload
increases slightly with age even in menstruating women. How-
ever, it should be stressed that, in populations of Northern Eu-
ropean descent, the high iron (HFE)-gene variants C282Y and
H63D, which are responsible for the development of HFE
hemochromatosis, are quite common (55). Approximately 0.3—
0.7% of women (i.e., 3—7/1000 women) are C283Y homozygous
and at risk of developing iron overload with organ damage; 10—
15% of women are C282Y heterozygous and generally have a
slightly higher iron status than do women without this variant
because of increased iron absorption (56). Furthermore, in
Southern Europe, non-HFE hemochromatosis is being recog-
nized as a growing problem as our knowledge in this field is
expanding (57). It is important to identify women with a genetic
predisposition of being at risk of iron overload before supple-
mentation or treatment with iron because any kind of iron ad-
ministration may aggravate their disorder or disease.

Only a few European studies in pregnant women, comprising a
small number of participants, have investigated iron status in
women who were not taking iron supplements. However, all of the
studies have shown that iron status decreases markedly during
pregnancy. In the third trimester, many women display ID, and
=26% of women may have IDA in accordance with the estab-
lished criteria (Figure 1, Table 2). In contrast, studies have shown
that pregnant women who were taking iron supplements consis-
tently had a higher iron status and lower frequencies of ID and
IDA, which were dependent on the dose of iron and on their
compliance in taking the prescribed supplements (Figure 1, Table
1). The 2012 Cochrane Review (58) on daily iron supplementa-
tion in pregnancy noted the positive relation of iron supplements
with low birth weight and reduced risk of maternal anemia.

During pregnancy, SF concentrations display a U-shaped curve
with decreasing concentrations in the first and second trimesters, a
nadir in gestational weeks 35-38, and an increase in the postpartum
period (44). This variation is observed both in iron-supplemented
and nonsupplemented women. To our knowledge, the cause of this
U-shaped distribution is not known, but it may be due to the he-
modilution of pregnancy or other factors such as inflammation as
discussed by Vricella (59) in these proceedings. The SF concen-
tration is increased by infection or inflammation, and thus, its in-
terpretation should always consider the presence of inflammation.
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However, the U-shaped distribution merits reconsideration of the
current common cutoffs for ID in pregnancy. Future research
should examine cutoffs to define ID, IDA, iron repletion, and iron
overload, especially in the second and third trimesters of pregnancy
relative to maternal and fetal health outcomes. Future research also
needs to determine SF cutoffs in pregnant women relative to both
the proinflammatory and anti-inflammatory periods that occur in
gestation. Such studies should analyze SF and inflammatory
markers, which has not been done in the referred studies either in
reproductive-aged or pregnant women.

Iron prophylaxis in pregnancy is still a controversial issue, and
few European countries have established national guidelines with
respect to iron supplementation. Iron supplements improve iron
status and its hematologic indicators in pregnant women (58),
whereas the overall health benefit or risk relative to the woman and
the fetus or newborn has been less well documented. Future re-
search is needed to assess iron status longitudinally from con-
ception and early pregnancy to clarify how many women will be
definite or possible candidates for iron supplementation, how many
women can complete pregnancy without supplementation, and
how many women have iron overload or high iron stores and, thus,
might experience adverse effects from iron supplementation.

Future research also needs to assess the effect of individualized
iron-supplementation programs in pregnant women on the basis of
their iron status at conception and early pregnancy and given in-
dividualized doses of iron supplements that are tailored according
to iron status. Research needs to determine, according to different
baseline SF concentration, which supplemental doses of iron are the
minimally effective doses to prevent ID and IDA in ~95% of the
women and to ensure beneficial outcomes for the mother and fetus
without adverse effects. In addition, research needs to assess the most
effective supplementation in terms of daily or alternate-day regimens.
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