
Abstract
Objective: To compare iron absorption of a prenatal multivita-

min supplement containing both iron and calcium (HICA) to
that of another multivitamin containing a lower iron dose and
no calcium (LI).

Methods: In a crossover study, serum iron was measured in 12
healthy women administered HICA and LI separately on 2 dif-
ferent occasions. Blood samples were taken at 0, 1, 2, 3, 4, 6,
and 8 hours after administration of each supplement.

Results: The values of the area under the concentration-time
curve (AUC) were not significantly different between LI (79.1 ±
36.0 µM*h) and HICA (91.4 ± 50.4 µM*h) (P = .37). After
standardizing the AUC for dose, the relative absorption over
the 8-hour time period was significantly higher for LI (2.3 ±
1.0 µM*h/mg) than for HICA (1.5 ± 0.8 µM*h/mg) (P = .021).

Conclusion: The absorption of iron from a low-iron-containing
supplement was similar to that from a supplement with
almost twice the amount of iron, due possibly to the exclu-
sion of calcium in the LI product. Thus, while offering similar
amounts of iron, the LI supplement may be better tolerated
by women who are sensitive to iron-induced adverse effects.

Résumé
Objectif : Comparer l’absorption du fer que permet un supplé-

ment multivitaminique prénatal contenant du fer et du calcium
(HICA) à celle que permet un supplément multivitaminique
contenant une dose moindre de fer et ne contenant pas de
calcium (LI).

Méthodes : Dans le cadre d’une étude croisée, le taux sérique
de fer a été mesuré chez 12 femmes en santé auxquelles l’on
avait administré du HICA et du LI séparément, à deux
occasions distinctes. Des échantillons de sang ont été prélevés

à 0, 1, 2, 3, 4, 6 et 8 heures après l’administration de chacun
des suppléments.

Résultats : Les valeurs de l’aire sous la courbe concentration-
temps (ASC) du LI (79,1 ± 36,0 µM*h) et du HICA (91,4 ±
50,4 µM*h) (P = 0,37) ne se sont pas avérées considérable-
ment différentes les unes des autres. Après normalisation de
l’ASC en fonction de la dose, l’absorption relative au cours de
la période de huit heures a été considérablement plus élevée
dans le cas du LI (2,3 ± 1,0 µM*h/mg) que dans celui du
HICA (1,5 ± 0,8 µM*h/mg) (P = 0,021).

Conclusion : L’absorption du fer issu d’un supplément à faible
teneur en fer a été semblable à celle du fer issu d’un supplé-
ment contenant presque deux fois plus de fer, ce qui est peut-
être attribuable à l’absence de calcium dans le produit LI. Ainsi,
bien qu’il permette l’obtention de quantités semblables de fer,
il est possible que le supplément LI soit mieux toléré par les
femmes qui sont sensibles aux effets indésirables provoqués
par le fer.
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INTRODUCTION

The increasing need for iron during pregnancy stems from the
increasing amount of iron transferred to both the placenta
and the growing fetus, as well as the need to expand the red
blood cell mass.1 Failure to meet the increased demands of iron
due to insufficient intake, inadequate or impaired absorption
of iron, or chronic blood losses, can lead to an iron-deficient
state that can later manifest as anemia.1 In developed countries,
10% of women between the ages of 15 and 45 are anemic,2 and
many other women are in an iron-deficient state. Canadian data
on the iron intake of women of child-bearing age report aver-
age dietary intake below the reference nutrient intake.3-6 Small-
scale Canadian studies suggest that many pregnant women
suffer from iron deficiency.7 Several studies from New
Brunswick found that anemia was common in pregnant women
(21%–24%), including relatively well-educated, middle- and
upper-middle-class families.8-10 In Nunavik, an arctic region of
Quebec, the prevalence of anemia was found to be 40%.11
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Because it is generally felt that diet alone cannot meet the
increased requirements for iron in pregnancy,12 the subcom-
mittee on Maternal Nutrition of the National Academy of Sci-
ences has recommended a daily dose of 27 mg of elemental iron
in a form of ferrous iron throughout pregnancy.13

A common complication of iron supplementation is iron-
associated adverse effects when given at high doses. The lowest
observed adverse effect level for iron, set at 60 mg per day, was
associated with a higher risk of constipation and gastrointesti-
nal effects compared to a lower iron dose.14 The common side
effects associated with high oral iron intake, such as nausea, con-
stipation, fatigue, diarrhea, and headache, may impede daily
consumption of these supplements.15,16 Alward and Kevany
found that intestinal adverse effects of iron may cause up to
40% of pregnant women to compromise on compliance.17

Another group reported that 10% of pregnant women dis-
continued the use of iron because of its adverse effects.15 Reduc-
ing the dosage of iron in prenatal supplements may reduce the
occurrence and severity of the adverse effects associated with
iron, thereby improving daily usage of supplements.18

The inhibitory effect of calcium on iron absorption, when
taken concurrently, has been well documented.19-21 Avoiding

this mineral-mineral interaction could potentially lead to a
relative increase in iron bioavailability. Due to the inhibitory
effect of calcium on iron absorption, Health Canada encour-
ages women to take these mineral supplements at different
times.22 The objective of the present study was to compare
iron absorption from a prenatal supplement with iron and cal-
cium delivered through separate tablets to the iron absorption
from a regular supplement that combined iron and calcium
in 1 tablet.

METHODS

Twelve healthy non-pregnant women of child-bearing age were
recruited to participate in the study. Each woman signed a writ-
ten consent form after reviewing the protocol, which was
approved by the Ethics Review Board at The Hospital for Sick
Children (REB# 100000127). After a night fast, the women
were randomized to receive either 1 tablet of low iron (LI) with-
out calcium (PregVit a.m.) or 1 tablet of high iron and calcium
(HICA) (Materna) in a crossover methodology. The PregVit
p.m. tablet, typically taken in the evening, does not contain
iron, and was not tested in the recent study. See Table 1 for
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Table 1. Composition of Two Prenatal Supplements

Component
PregVit*

(a.m. & p.m. tablets)
Materna
(1 tablet)

Vitamin A 2700 IU (β-carotene) a.m. 1500 IU (β -carotene)
1500 IU (acetate)

Vitamin B1 (thiamin) 3 mg a.m. 3 mg

Vitamin B2 (riboflavin) 3.4 mg a.m. 3.4 mg

Vitamin B6 10 mg a.m. 10 mg

Vitamin C 120 mg a.m. 100 mg

Vitamin E 30 IU a.m. 30 IU

Copper 2 mg a.m. 2 mg

Iodine 0.15 mg a.m. 0.15 mg

Iron 35 mg a.m. 60 mg

Magnesium 50 mg a.m. 50 mg

Niacinamide 20 mg a.m. 20 mg

Pantothenic acid (calcium pantothenate)  5 mg a.m. 10 mg

Zinc 15 mg a.m. 25 mg

Vitamin B12 (cyanocobalamin) 12 µg p.m. 12 µg

Vitamin D (cholecalciferol) 250 IU p.m. 250 IU

Calcium 300 mg p.m. 250 mg

Folic acid 1.1 mg p.m. 1 mg

Biotin 0 30 µg

Chromium 0 25 µg

Manganese 0 5 mg

Molybdenum 0 25 µg

Selenium 0 25 µg

*In this study only the a.m. tablet, containing iron, was given to the participating women.
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the composition of both supplements. Through an indwelling
catheter, a 5 mL blood sample was obtained at 8:00 a.m. to
measure the baseline serum iron level. The women then received
1 of the multivitamins, and additional 5 mL blood samples were
drawn at 1, 2, 3, 4, 6, and 8 hours after they ingested the tablet.
At 4 hours after taking the study dose, the women ate their
delayed breakfast: a standardized meal of 2 white rolls with but-
ter, 1 scrambled egg, and a non-carbonated, non-caffeinated
beverage providing 2.4 mg of iron (Table 2). The women
repeated the procedure in a crossover design, receiving the other
multivitamin on a different day. The study days were scheduled
so that the tests were conducted on the same day of the women’s
menstrual periods to control for varying iron levels.2

The blood samples were collected in Vacutainer tubes (Bec-
ton, Dickinson and Co., Franklin Lakes, NJ), allowed to clot
at room temperature for 30 minutes, and then centrifuged at
1500 rpm for 15 minutes at 4°C. The serum was separated and
immediately stored at –20°C. All samples were analyzed as a
batch within 2 months, to keep the analytical error constant.
Serum iron samples were measured using a Synchron LX-20
(Beckman Coulter, Inc., Fullerton, CA). The coefficient of vari-
ation of the method was 1.9% to 2.2%. The mean serum iron
values for area under the concentration-time curve (AUC) of
iron was calculated using the trapezoid rule,23 and compared
for the 2 tablets by the paired Student t test. In addition,

standard iron absorption per mg of iron was calculated as the
ratio between the AUC achieved by each of the vitamin prepa-
rations and the iron dose, and compared using the same statis-
tical test. With 12 women and based on the known variability
of serum iron levels, a detection of a 20% difference in AUC
with a power of 80% and an alpha of 5% was possible.24

RESULTS

The mean age of the 12 women was 23.75 years (range, 18–32
years). One woman discontinued the study upon experiencing
stress-induced gastric irritations 2 weeks after the first study date.
The other women did not report any adverse effects from the
single tablet administration. The mean group AUC value for
serum iron was 79.1 ± 36.0 µM*h for LI and 91.4 ± 50.4 µM*h
for HICA (P = .37; Figure 1). Upon standardizing the AUC for
dose, the relative absorption over the 8-hour time period with
LI was significantly higher (2.3 ± 1.0 µM*h/mg) than for HICA
(1.5 ± 0.8 µM*h/mg) (P = .021; Figure 2).

DISCUSSION

In this study, serum iron levels were not different with LI and
HICA, despite the HICA tablet having almost twice the
amount of iron as the LI tablet. The standardized meal given
4 hours after the first dose and containing 2.4 mg of iron was
chosen to minimize the amount of iron given, as well as to
exclude any ingredients known to inhibit the absorption of iron.
Because the time to peak (Tmax) of iron in the prenatal supple-
ments was 3 hours,24,25 the meal was given 4 hours after the
administration of the prenatal supplement so that it would not
interfere with the peak iron plasma concentrations.24,25 Over-
all absorption of iron was calculated from the AUC, which is

Table 2. Iron Content of the Standardized Meal

Item Iron Content (mg)

1 large egg 0.6
2 white rolls 1.8
1 pat of butter trace
355 mL non-caffeinated beverage 0
Total 2.4
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Figure 1. Mean AUC values (±SD) of Materna and PregVit.



superior to single-level measurements, as it gives the integrated
change in levels. 

The relative absorption of iron was significantly higher for
LI, suggesting that the separation of iron administration from
calcium allowed improved bioavailability. Calcium inhibition
of iron is partially dose-dependent, with a threshold of 40 mg
calcium and maximum inhibition at 300 mg of calcium.26

Thus, the 250 mg of calcium found in the HICA supplement
would likely result in close to the maximal inhibition of iron
absorption from calcium of 50% to 60%.19 Our study implies
that the calcium-iron interaction may have a substantial role in
the iron absorption. In analyzing these results, it is important
to discuss the fact that iron dose affects the extent of iron
absorption.27-31 Although studies have documented an inverse
relationship between increased iron dose and percentage of iron
absorbed,27,29 a study by Middleton et al.32 found that when
administering iron supplements in doses of 96 mg, 140 mg, and
163 mg, iron AUC values increased in a linear fashion over a
period of 7.5 hours. Hence, the differences between HICA
(60 mg) and LI (35 mg) iron doses are well within the linear
portion of the absorption curve. As a result, the AUC similari-
ties between the 2 multivitamins cannot be explained by dif-
ferent extent of absorption due to dose discrepancies. 

Other mineral interactions may have affected our results.
For example, ascorbic acid is known to be a potent enhancer of
iron absorption and can also overcome the effects of inhibitors,
such as calcium, in a dose-related response.33 The 120 mg of
ascorbic acid (vitamin C) in the LI supplement was higher than
the 100 mg ascorbic acid in the HICA supplement and sub-
stantially higher relative to the amount of iron (35 mg vs.
60 mg, respectively). The higher iron:ascorbic acid ratio of 1:3.4
in LI compared to the 1:1.6 ratio in HICA may have helped in
absorption of the iron in the LI tablet. Furthermore, the HICA

supplement contains 10 mg more zinc, known to inhibit iron
absorption, than the LI supplement, along with 5 mg of man-
ganese sulfate, which may also have inhibited iron absorption.34

Based on our findings, LI may have a lower risk of iron
complications and thus be an appropriate supplement for
women who cannot tolerate the adverse effects associated with
higher doses of iron. In particular, women experiencing nausea
and vomiting of pregnancy (NVP) may be more prone to dis-
continue the daily use of their prenatal supplements, as the iron-
associated side effects exacerbate their pre-existing condition.
Indeed, in one study from our unit, of 196 women with NVP,
36% discontinued the use of HICA due to the iron-associated
side effects.35

To avoid variability arising from the many physiological
changes that occur in pregnancy,36 a special concern in a
crossover study design in that pregnant women may have dif-
ferent physiological states, such as iron levels or body weight,
after 1 month of study, we recruited non-pregnant women for
this study.

During the first trimester of pregnancy, iron requirements
are reduced due to the cessation of menstruation,1 but they sub-
sequently rise steadily.1 Although there is evidence that the rate
of iron absorption during the third trimester depends on mater-
nal iron status,37 new evidence suggests that part of the etiology
of iron deficiency during pregnancy may be the reduction of
iron utilization.38 For a given level of iron stores, however, there
is no evidence of different absorption rates during pregnancy.

CONCLUSION

Our study demonstrated that the absorption of iron from a low-
iron-containing supplement that delivered iron separately from
calcium was similar to that from a supplement with almost twice
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the amount of iron. This was probably due to the exclusion of
calcium from the a.m. tablet with LI, as well as lower amounts
of other inhibitors of iron absorption. Furthermore, iron in the
LI supplement had a higher relative bioavailability than iron in
the HICA supplement. Further clinical studies are required to
evaluate whether an LI supplement will indeed be better toler-
ated by women sensitive to iron-induced adverse effects.
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