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ABSTRACT

Background. Weekly iron supplementation is alleged to prevent iron deficiency
anemia as well as daily administration. These studies are based on the
hypothesis that prior administration of iron would produce a mucosal block to
iron absorption. A weekly dose schedule would allow the renewal of the iron
loaded enterocytes, presumably avoiding the iron absorption blockade.
Objectives. To test the intestinal blockade hypothesis by prior iron
administration, and to test the efficacy of weekly vs. daily supplementation
schedule on absolute iron absorption. Methods. Iron bioavailability was
measured in 3 groups of women. In group 1 (n=13) subjects received 60 mg of
iron daily for 6 days and in group 2 (n=14) subjects received 120 mg every 7
days for 3 weeks. In both groups the last 240 mg of iron were radioisotopically
labeled. In group 3 (n=14) subjects received 60 mg of radioisotopically labeled
iron before and after a daily supplementation with 60 mg of unlabeled iron
during 6 days. Results. Geometric mean iron absorption, standardized to 40%
absorption of the reference dose of ferrous ascorbate, with daily (group 1) and
weekly (group 2) dosages were 7.7% and 10.9% respectively (unpaired Student
t test p = NS). The comresponding values for iron absorption before and after
daily iron supplementation (group 3) were 9.7% and 12.5% respectively (paired
Student t test p = NS). The total iron absorption of the 240 mg of radioisotopically
labeled iron were 18.5 mg and 26.2 mg with daily (group 1) and weekly (group
2) iron supplementation respectively. Conclusions. Our results do not support
the iron absorption blockade hypothesis. The demonstration that the absolute
amount of iron absorbed is similar in both daily and weekly schedules has
practical implications for iron supplementation programs.
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INTRODUCTION

Iron deficiency is the most common single nutrient disorder. It is prevalent in most of the
developing world and it is probably the only nutritional deficiency of consideration in
industrialized countries (1).

Iron deficiency can be prevented by increasing iron intake either by food fortification or
supplementation with medicinal iron. In situations in which high rates of iron deficiency
prevail or during pregnancy where the very high iron needs of the latter two trimesters are
almost impossible to achieve with diet alone, supplementation with medicinal iron
constitutes the best method because it can be targeted and produces rapid changes (2).

In recent studies, weekly iron supplementation has been utilized in the prevention of iron
deficiency in children, pregnant women and women in childbearing age (3-7). These
studies are based on the mucosal block concept that the iron concentration in intestinal
mucosal cells in some way regulates the absorption of iron and in the hypothetical
presumption that if iron therapy is given intermittently, it would avoid the inhibitory effect
of the prior iron dose by allowing mucosal turnover (8-10).

The primary purpose of the study was to test the blockade hypothesis, and a secondary
purpose was to consider the efficacy of weekly versus daily supplementation on absolute
iron absorption because such data has practical implications in the development and
implementation of feasible nationwide supplementation programs. To test the intestinal
blockade hypothesis, we compared the absorption of one dose of 60 mg of iron given
before and after a daily supplementation with 60 mg of iron during 6 days. To test whether
pharmacological doses of iron given in daily or weekly schedule have an effect on iron
bioavailability, we compare the average iron absorption of 240 mg of iron administered in
4 consecutive daily doses of 60 mg, with the average iron absorption of 240 mg iron
administered in doses of 120 mg per week in the lapse of 2 weeks.

MATERIAL AND METHODS

Subjects: Iron absorption studies were performed in 3 groups of women between the ages of 30
and 50 years. None were pregnant, all used contraceptive intrauterine devices and were in
apparent good health. Written, informed consent was obtained from each volunteer before
participation in the study. The protocol was reviewed and was in accordance with the standards
set by the Institute of Nutrition and Food Technology’s Ethics Committee on Human Research;
radioactive doses were approved by the Chilean Commission of Nuclear Energy.

Isotope studies: Tron isotopes (*°Fe and *°Fe) of high specific activity were used as tracers; both
isotopes were iron (III) chlorides as purchased (Du Pont de Nemours, Wilmington, DE). A
ferrous sulfate aqueous solution containing 1200 mg/L of elemental iron was labeled
extrinsically with tracer amount of *FeCl; (Du Pont de Nemours), and a solution containing 60
mg/L of elemental iron, as ferrous sulfate, and 380 mg/L of ascorbic acid was labeled
extrinsically with tracer amount of *’FeCl; (Du Pont de Nemours). The specific activities of the
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ferrous sulfate solutions were 0.37 kBq **Fe/mg elemental iron for studies 1 and 2, and 0.74
kBq *Fe/mg elemental iron for study 3. The specific activity of the reference dose of ferrous
ascorbate was 12.3 kBq *Fe/mg elemental iron. Isotopes were mixed with the solutions
immediately before administration.

The solutions were consumed after an overnight fast, and no food or beverages other than
water were permitted during the following 4 hours. For every subject in each study, every
iron dose was labeled with radio iron from the same radio iron standard to correct for the
radioactivity decay. The amount of solutions ingested was calculated by differential weight
of the glasses. For the calculation of total radioactivity ingested, aliquots of the aqueous
solutions were counted in sextuplicate as standards.

Measurement of blood radioactivity was performed in duplicate venous samples according
to the method of Eakins and Brown (11); they were counted the time necessary to allow
<3% counting error. A liquid-scintillation counter (Beckman LS 5000 TD, Beckman
Instruments, Fullerton, CA) was used for the double isotope measurements. The
percentage of absorption was calculated based on the blood volume estimated from height
and weight (12) and assuming an 80% red cell utilization of radio iron (13).

Study 1 (daily schedule): On day 1 the subjects received 3 mg of elemental iron as ferrous
ascorbate labeled with 37 kBq of FeCl;. On days 12 and 13 of the study 60 mg of
unlabeled elemental iron, as ferrous sulfate, was given daily to each subject. Between days
14 and 17 the subsiects received a daily dose of 60 mg of iron, as ferrous sulfate, labeled
with 22.2 kBq of ’Fe. On day 14, a venous blood was obtained to measure the radioactivity
incorporated into erythrocytes from the reference dose. A final venous sample was obtained
on day 31 to determine the radioactivity incorporated into erythrocytes from the ferrous sulfate

(Figure 1).

Study 2 (weekly schedule): On day 1 the subjects received 3 mg of elemental iron as
ferrous ascorbate labeled with 37 kBq of **FeCl;. On day 7 of the study one dose of 120
mg of unlabeled elemental iron, as ferrous sulfate, was given to each subject. On days 14
and 21, the subjects received a weekly dose of 120 mg of elemental iron, as ferrous sulfate,
labeled with 44.4 kBq of 3Fe. On day 14, a venous blood was obtained to measure the
radioactivity incorporated into erythrocytes from the reference dose. A final venous sample
was obtained on day 34 to determine the radioactivity incorporated into erythrocytes from the
ferrous sulfate (Figure 1).

Study 3: On day 1 the subjects received 3 mg of elemental iron as ferrous ascorbate
labeled with 37 kBq of “FeCl;. On day 2 the subjects received one dose of 60 mg of
elemental iron, as ferrous sulfate, labeled with 44 4 kBq of *Fe. Between days 8 and 13 of
the study 60 mg of unlabeled elemental iron, as ferrous sulfate, was given daily to each
subject. On day 14, a venous blood was obtained to measure the radioactivity incorporated
into erythrocytes and the subjects received a second dose of 60 mg of elemental iron, as
ferrous sulfate, labeled with 44.4 kBq of *Fe. On day 20 a second dose of 3 mg of
elemental iron as ferrous ascorbate labeled with 37 kBq of *’FeCl; was given. The time
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interval between the last dose of ferrous sulfate and the second dose of ferrous ascorbate
was selected to avoid a possible inhibitory effect of the prior iron dose. A final venous
sample was obtained on day 34 to determine the increase in red blood cell radioactivity

(Figure 1).

In all studies, hemoglobin, mean cell volume, free erythrocyte protoporphyrin, serum iron,
total iron binding capacity and serum ferritin were determined in venous blood obtained on
day 1, and they were repeated on day 34 in study 3 (14).
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FIG 1. Experimental design. Study 1: subjects received 60 mg of elemental iron, as ferrous sulfate, for
6 days. Study 2: subjects received 120 mg of elemental iron, as ferrous sulfate, every 7 days for 3 weeks.
In both studies the last 240 mg of iron were radioisotopically labeled. Study 3: subjects received one dose
of 60 mg of iron, as ferrous sulfate, radioisotopically labeled before and after a daily supplementation
with 60 mg of unlabeled elemental iron, as ferrous sulfate, during 6 days.

For comparative studies of iron bioavailability, the absorption of 3 mg of elemental iron as
ferrous ascorbate is used to offset the effect of differences in iron status among individuals
(15). For purpose of comparison, all studies currently refer to 40% absorption of the
reference dose of ferrous ascorbate. This percentage is used because it corresponds to that
which is obtained in borderline iron-deficient populations. In studies 1 and 2 the absorption
of ferrous sulfate was staridardized to 40% absorption of the reference dose administered
before iron supplementation. In study 3 the absorption of ferrous sulfate administered
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before and after iron supplementation was standardized to 40% absorption of the reference
dose given before and after iron supplementation respectively.

Because the percentages of iron absorption and serum ferritin concentrations have a
skewed distribution, these values were converted to logarithms before performing mean
and SD analysis; the results were retransformed to antilogarithms to recover the original
units and expressed as geometric means and + SD ranges (13). A considerable inter-
individual variability in iron metabolism may arise in the premenopausal women studied,
due mainly to differences in menstrual iron losses. Because iron absorption from ferrous
sulfate and from the reference dose are equally affected by differences in iron status, the
inter-individual variability issue was minimized by calculating absorption ratios (ferrous
sulfate/reference dose). Statistical analysis included ANOVA and unpaired Student t test
for comparison between groups, and paired Student t test for comparison within groups.
Paired and unpaired Student t tests were calculated on logarithmically transformed data.
Statistical analyses were performed by the program SPSS for Windows, release 6.0, SPSS,
Chicago, IL.

RESULTS

One subject of the study 1 (Table 1) and two of the study 3 (Table 3) were anemic. (Hb <120
g/L). Tron depleted stores (serum ferritin <12 ug/L) was found in 3, 6 and 5 subjects of the
studies 1, 2 and 3 respectively (Tables 1, 2 and 3).

There were no difference in iron status indicators arnong the three groups of subjects at the
beginning of the study (ANOVA p >0.05). In study 3 there were statistically significant
differences, before and after daily supplementation with 60 mg of iron during 6 days, in
transferrin saturation [18.2 + 8.9 % vs. 22.2 + 8.5 %, paired Student t test p = 0.046] and serum
ferritin [14.3 (6.5-31.4) ug/L vs. 20.9 (11.8-37.2) ug/L, paired Student t test p = 0.0036).

Study 1 (Table 1). Geometric mean absorption of ferrous sulfate with daily administration of
60 mg of elemental iron during 6 days was 6.4 %, becoming 7.7 % when standardized to 40 %
absorption of the reference dose. The total iron absorption of the 240 mg of radioisotopically
labeled iron was 18.5 mg.

Study 2 (Table 2). Geometric mean absorption of ferrous sulfate with weekly administration of
120 mg of elemental iron during 3 weeks was 7.4 %, becoming 10.9 % when standardized to
40% absorption of the reference dose. The total iron absorption of the 240 mg of
radioisotopically labeled iron was 26.2 mg.

Study 1 vs. study 2 (Tables 1 and 2). Ratios of ferrous sulfate/ferrous ascorbate absorption with
daily and weekly administration were 0.19 and 0.27 respectively (unpaired Student t test
t=1.953, p=0.06). ‘



184 M. OLIVARES et al.

TABLE 1
Iron Absorption by Women of 60 mg of Elemental iron, as Ferrous Sulfate, Given Daily for 4 Days*
Iron absorption (%)
Subj. Age Hb Sat FEP Serum Ferrous Ferrous Ratio

¥ @@L (% (umolL Ferritin Sulfate  Ascorbate A/B
RBC) (ugl) *Fe(A) *Fe(®)
32

1 48 115 136 2.17 . 275 89.6 0.31
2 50 154 241 1.42 293 25 8.1 031
3 46 140 214 1.36 24.4 6.4 56.5 0.11
4 45 122 257 1.01 24.5 5.0 238 021
5 41 136 156 0.81 113 8.2 53.9 0.15
6 37 136 213 233 13.7 7.0 47.2 0.15
7 47 144 187 1.26 89.8 6.2 24.6 0.25
8 37 153 159 0.86 12.7 8.0 683 0.12
9 48 146 256 0.81 94.2 4.1 193 0.21
10 42 143 233 131 40.5 5.0 274 0.18
1t 33 142 119 1.52 41.0 45 30.7 0.15
12 50 156 149 1.11 76.6 6.9 16.5 0.42
13 40 124 112 1.42 48 8.2 55.8 0.15
Mean 434 139 187 1.34 2324 64* 3324 0.19*
SD 50 11 5.1 0.40 88-61.0 37-11.1 15.7-70.5 0.12-0.31

* Abbreviations used: Hb, hemoglobin; Sat, transferrin saturation; FEP, free erythrocyte protoporphyrin
* Becanse of logarithmic transformation, geometric mean and range + 1 SD are shown.

TABLE 2
Iron Absorption by Women of 120 mg of Elemental Iron, as Ferrous Sulfate, Given Weekly for 2
Weeks*

Iron absorption (%)
Subj. Age Hb  Sat FEP Serum Ferrous Sulfate ~ Ferrous Ratio
&) (@L) (%) (umoVL  Fermitin Fe Ascorbate  A/B
RBC) (ug/L) A “Fe (B)
1 36 129 314 1.01 32.1 7.1 24.0 0.30
2 50 141 245 136 39.8 5.0 12.4 0.40
3 43 121 261 152 3.6 83 493 0.17
4 50 143 230 0.6 39.0 6.4 79 0.81
5 41 138 230 111 9.8 7.1 47.4 0.15
6 33 144 225 122 214 8.8 433 0.20
7 45 132 237 121 10.2 17.3 73.2 0.24
8 31 147 252 086 445 4.1 9.1 0.45
9 45 120 139 147 6.0 22.8 83.6 027
10 46 125 205 152 11.6 11.6 46.3 0.25
11 45 155 212 106 42.5 45 10.5 043
12 35 134 209 197 8.7 9.9 77.6 0.13
13 50 141 303 066 78.0 2.8 12.8 022
14 35 148 249 096 55.9 49 17.6 0.28
Mean 418 137 237 120 202 74 2714 027"
SD 64 10 41 033 8.1-50.3 43-12.7 11.9-61.7 0.17-0.44

* Abbreviations used: Hb, hemoglobin; Sat, transferrin saturation; FEP, free erythrocyte protoporphyrin
* Becausc of logarithmic transformation, geometric mean and range + 1 SD are shown.
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Study 3 (Table 3). Despite the increase in serum ferritin, following daily administration of 60
mg of iron for 6 days, there was no statistically significant change in ferrous ascorbate
absorption before and after iron supplementation (38.6 % and 35.8 % respectively, paired
Student t test p=0.55). Ratios of ferrous sulfate/ferrous ascorbate absorption before or after 60
mg daily of elemental iron administered during 6 days were 0.24 and 0.31 respectively (paired
Student t test, t=2.117, p=0.054). When iron absorption was standardized to 40 % absorption
of the reference dose, the corresponding percentages of absorption of ferrous sulfate were
9.7% and 12.5 % respectively.

DISCUSSION

Studies performed in rats, children and pregnant women appear to show that intermittent
administration of medicinal iron every 3 or 7 days is similarly effective as a daily dose in
the control of iron deficiency anemia (3-9). Furthermore, a lower incidence of
gastrointestinal side effects was observed in children receiving the intermittent iron
supplementation schedule (5). Since in the weekly supplementation studies the
administration of iron was strictly supervised, there is concern of its effectiveness in large-
scale program. Difficulties in medicinal iron supply, access to health services, and poor
compliance are the main pitfalls of large-scale iron supplementation programs, mainly in
the undeveloped world (16).

The intermittent iron supplementation strategy is based on the old mucosal block theory
that iron concentration in the enterocytes regulates the absorption of iron (17-19). The
rationale for using an intermittent schedule of iron administration is that the iron blockade
produced by a precedent dose of iron could be avoided if the iron supplement is
administered on a weekly schedule that allows time for the enterocyte tumover. The
mucosal renewal time is 3 days in rats (20) and about 5 to 6 days in humans (21).

Studies performed in rats have demonstrated an inhibitory effect on iron absorption lasting
48 hours after the consumption of an iron enriched diet (8,9). This inhibitory effect
disappears at 60 hours, coincidentally with the enterocyte turnover time in the rat. On the
other hand, Viteri et al (10), have shown a higher iron retention in rats receiving an iron
enriched meal every 3 days than those fed with the iron fortified meal daily. However, it
may be unreliable to extrapolate from animals to humans, the ideal should be to select a
species that most closely resembles humans in terms of iron metabolism. There is evidence
that the use of rats as surrogate for human absorption studies could be inappropriate since
both iron absorption and iron turnover are several times higher in the rat than in man and
especially because the main dietary factors that influence iron absorption in humans, such
as tannins, phytate and meat, do not affect iron absorption in rats (22).

In humans, O’Neill-Cutting and Crosby (23), showed in 18 mildly iron deficient adults a
diminished post-absorptive increase in serum iron when the administration of 10 mg of iron
was preceded by an iron dose of 30 to 60 mg given 12 to 24 hours before. A similar effect
was shown by Solomons et al (24). However, these results are not necessarily
representative of a reduced iron absorption.
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In a study with stable isotopes performed in 10 non-anemic adults, it was found that the
absorption from a 10 mg iron dose that was preceded 24 hours before by a 50 mg iron dose
decreased slightly from 35.4 % to 29.0 % (25).

One of the first pieces of evidence of the non existence of the mucosal blockade in humans
was provided by Allgood and Brown in 1967 (26). They showed that the non-heme iron
concentration in mucosal duodenum biopsies in human subjects was not correlated with
iron absorption. Recently, Cook et al (27), in a study carried out in a group of 23 non-
anemic women did not demonstrate a significant difference between the absorption of one
dose of radioactive iron administered after 6 days of a once daily schedule of iron
supplementation and 6 days after once a week iron supplementation. This study has been
criticized because most of the subjects were iron sufficient and only 5 of them had iron
depletion. Consequently their iron needs were much lower than the requirements from the
subjects of the intermittent supplementation studies published (7,28). The prevalence of
anemia and iron depletion in the premenopausal women studied by us was 7.3% and 26.8%
respectively. This figure is close to the 8.6% of anemia and 27% of iron depletion found in
pregnant women, from Santiago Chile, during the first trimester of gestation (29). Our
study, in a group of women that included many iron deficient subjects, absorption of iron
administered every 7 days was slightly but not significant higher (10.9%) than absorption
of iron given daily (7.7%). These results were obtained using 14 and 13 test subjects
respectively. Theoretically, using the difference of means and standard deviation within
groups that we have obtained and a power of 80%, a statistically significant difference
could be attained if 26 subjects per group were tested. Despite these considerations, the
higher iron absorption observed with the weekly iron dosing schedule represents only a
29% and 3.2% relative and absolute change in iron absorption respectively. This increase
can be considered negligible in terms of it biologically significance. Moreover, iron
absorption before 6 days of daily iron supplementation was lower than iron absorption after
daily iron dosing (9.7% vs. 12.5% respectively, p=0.054). This numerical change has the
opposite sign that the results expected according to the mucosal block theory. The
hypothesis suggested by the mucosal block theory is that iron absorption should be lower
after 6 days of daily iron dosing. Thus, our data and that of Cook et al (27) suggest that
there is no mucosal block in man during continuous iron supplementation and that there is
no significant absorptive advantage in giving iron in a weekly schedule.

In our study we demonstrate that the absolute amount of iron absorbed was similar in a
schedule that provided 60 mg of iron daily for 4 days or 120 mg every 7 days for 2 weeks.
This finding could have practical implications for iron supplementation programs.
However, our study is short term and supplementation is usually implemented on a long
term basis. Further research is needed to explain the results obtained in field studies of
intermittent iron supplementation where the total iron received is lower in the intermittent
regimen and results in iron nutrition are equal to those obtained in daily iron
supplementation with larger total iron given.

187



188

M. OLIVARES et al.

ACKNOWLEDGMENTS

The studies were supported by grant 1950242 Fondo Nacional de Investigacion Cientifica
(FONDECYT), Chile.

REFERENCES

. DeMaeyer E, Adiels-Tegman M. The prevalence of anaemia in the world. World Health

Statist Q 1985;38:302-316.

. International Anemia Consultative Group (INACG). Guidelines for the eradication of

iron deficiency anemia: a report of the International Anemia Consultative Group. The
Nutrition Foundation, Washington, DC, 1977:1-29.

. Berger J, Aguayo VM, Téllez W, Lujan C, Traissac P, San Miguel JL. Weekly iron

supplementation is as effective as 5 day per week iron supplementation in Bolivian
school children living at high altitude. Eur J Clin Nutr 1997;51:381-386.

. Gross R, Schultink W, Juliawati. Treatment of anaemia with weekly iron

supplementation. Lancet 1994;344:821 (letter).

. Liu X-N, Kang J, Zhao L, Viteri FE. Intermittent iron supplementation in Chinese

preschool children is efficient and safe. Food Nutr Bull 1995;16:139-146.

. Schultink W, Gross R, Gliwitzki M, Karyadi D, Matulessi P. Effect of daily vs. twice

weekly iron supplementation in Indonesian preschool children with low iron status. Am
J Clin Nutr 1995;61:111-115.

. Ridwan E, Schultink W, Dillon D, Gross R. Effects of weekly iron supplementation on

pregnant Indonesian women are similar to those of daily supplementation. Am J Clin
Nutr 1996;63:884-890.

. Fairweather-Tait SJ, Swindell TE, Wright AJA. Further studies in rats on the influence

of previous iron intake on the estimation of bioavailability of Fe. Brit J Nutr 1985;54:79-
86.

. Wright AJA, Southon S. The effectiveness of various iron-supplementation regimens in

improving the Fe status of anaemic rats. Brit J Nutr 1990;63:579-585.

10.Viteri FE, Xunian L, Tolomei K, Martin A. True absorption and retention of

supplemental iron is more efficient when iron is administered every three days rather
than daily to iron-normal and iron-deficient rats. J Nutr 1995;125:82-91.



WEEKLY IRON SUPPLEMENTATION 189

11.Eakins JD, Brown DA. An improved method for the simultaneous determination of iron-
55 and iron-59 in blood by liquid scintillation counting. Int J Appl Radioact Isotopes
1966;17:191-197.

12.Nadler SB, Hidalgo JU, Bloch T. The Tulane table of blood volume in normal men.
Surgery 1962;51:224-232.

13.Cook JD, Layrisse M, Finch CA. The measurement of iron absorption. Blood
1969;33:421-429.

14.International Anemia Consultative Group (INACG). Measurement of iron status: a
report of the International Anemia Consultative Group. The Nutrition Foundation,
Washington, DC, 1985:1-78.

15.Cook JD, Bothwell TH. Availability of iron from infants foods. In: Stekel A, ed.
Nestlé/Raven Press, Vevey/New York, 1984:119-145.

16.Yip R. Iron supplementation during pregnancy: is it effective? Am J Clin Nutr
1996;63:853-855.

17 Hahn PF, Bale WF, Ross JF, Balfour WM, Whipple GH. Radioactive iron absorption by
gastrointestinal tract. Influence of anemia, anoxia, and antecedent feeding distribution
in growing dogs. J Exp Med 1943;78:169-188.

18.Gralnick S. Ferritin. IX. Increase of the protein apoferritin in the gastrointestinal mucosa
as a direct response to iron feeding. The function of ferritin in the regulation of iron
absorption. J Biol Chem 1946;164:737-746.

19.Crosby WH. The control of iron balance by the intestinal mucosa. Blood 1963;22:441-449.

20.Holt RP, Kotler DP, Pascal RR. A simple method for determining epithelial cell turnover in
small intestine. Studies in young and aging rat gut. Gastroenterology 1983;84.69-74.

21 Lipkin M. Proliferation and differentiation of gastrointestinal cells in normal and disease
states. In: Johnson LR, ed. Physiology of the gastrointestinal tract. Raven Press, New York,
NY, 1981:145-168.

22 Reddy MB, Cook JD. Assessment of dietary determinants of nonheme-iron absorption in
humans and rats. Am J Clin Nutr 1991;54:723-728.

23.0’Neill-Cutting MA, Crosby WH. (1987) Blocking of iron absorption by a preliminary oral
dose of iron. Arch Intern Med 1987;147:489-491.



190 M. OLIVARES et al.

24 Solomons NW, Pineda O, Viteri F, Sandstead HH. Studies on the bioavailability of zinc in
humans: mechanism of the intestinal interaction of nonheme iron and zinc. J Nutr
1983;113:337-349.

25 Fairweather-Tait SJ, Minski MJ. Studies on iron availability in man, using stable isotope
techniques. Brit J Nutr 1986;55:279-285.

26.Allgood JW, Brown EB. The relationship between duodenal mucosal iron concentration and
iron absorption in human subjects. Scand J Haematol 1967;4:217-229.

27.Cook JD, Reddy MB. Efficacy of weekly compared with daily iron supplementation. Am J
Clin Nutr 1995;62:117-120.

28.Viteri FE. Weekly compared with daily iron supplementation. Am J Clin Nutr 1996,63:610-
611 (letter).

29 Lira P, Foradori A, Grebe G, Legues ME, Mufioz B, Arteaga A, Vela P. Caracteristicas
hematologicas de una poblacién de embarazadas en Chile. Rev Med Chile 1978;106:343-
349.

Accepted for publication June 13, 1998.



