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re we giving too much iron? Low-dose iron therapy is
ffective in octogenarians

phraim Rimon, MD, Nadya Kagansky, MD, Michael Kagansky, MD,
ora Mechnick, MD, Tony Mashiah, MD, Michael Namir, MD, Shmuel Levy, MD

eriatric Department, Kaplan Medical Center, Rehovot, and the Hebrew University and Hadassah Medical School,

erusalem, Israel.
ABSTRACT
PURPOSE: Elderly patients are vulnerable to the dose-dependent adverse effects of iron replacement
therapy. Our study examines whether low-dose iron therapy can efficiently resolve iron-deficiency
anemia in patients over the age of 80 years and reduce adverse effects.
SUBJECTS AND METHODS: Ninety hospitalized patients with iron-deficiency anemia were randomized
to receive elemental iron in daily doses of 15 mg or 50 mg as liquid ferrous gluconate or 150 mg of
ferrous calcium citrate tablets for 60 days. Thirty control patients without anemia were given 15 mg of
iron for 60 days. A 2-hour iron absorption test was performed after the initial dose. Hemoglobin and
ferritin levels were measured on day 1, 30, and 60 after initiating therapy. Each patient completed a
weekly questionnaire regarding drug-induced adverse effects.
RESULTS: Serum iron rose significantly in the anemic patients beginning 15 minutes after the first dose
but not in nonanemic patients. Two months of iron treatment significantly increased hemoglobin and
ferritin concentrations similarly in all 3 groups of iron-deficiency anemia patients (for example,
hemoglobin levels rose from 10.0 g/dL to 11.3 g/dL with 15 mg/d of iron therapy and from 10.2 g/dL
to 11.6 g/dL with 150 mg/d). Abdominal discomfort, nausea, vomiting, changes in bowel movements,
and black stools were significantly more common at higher iron doses.
CONCLUSIONS: Low-dose iron treatment is effective in elderly patients with iron-deficiency anemia.
It can replace the commonly used higher doses and can significantly reduce adverse effects.
© 2005 Elsevier Inc. All rights reserved.
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he percentage of iron absorbed in the gastrointestinal tract
an vary from less than 1% to greater than 50%.1 A feed-
ack mechanism allows increased absorption when the
tores of iron in the body are low and decreased absorption
hen they are sufficient.2

The usual recommended dose for treating iron deficiency
n adults is between 150 mg and 200 mg of elemental iron
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6100.
lE-mail address: efraim_r@clalit.org.il

002-9343/$ -see front matter © 2005 Elsevier Inc. All rights reserved.
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aily.3 Much higher doses are recommended when iron is
oorly absorbed, for example, in patients on chronic dialy-
is.4 Absorption of dietary iron in the elderly is thought to
e less efficient than in young patients, partly due to hypo-
hlorhydria caused by atrophic gastritis.5 Between 10% and
0% of iron-treated patients experience gastrointestinal
ymptoms that may be ascribed to the iron preparation and
hat seem to be dose dependent.3,6 These patients sometimes
equire intravenous iron therapy.7 Although iron is essential
or life, it is a double-edged sword that has been implicated
n diseases in almost all body systems. There is epidemio-

ogic evidence of a relation between high iron stores and liver
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1143Rimon et al Low-dose iron therapy
njury, especially hemochromatosis,8 coronary artery disease,9

oninsulin dependent diabetes mellitus,10 Parkinson disease,11

nd recurrent infections.12 Chronic iron intake may increase
ody stores resulting in some of these potentially harmful
ffects.

The recommended dietary intake of iron for older
ersons is 10 mg per day, indicating in healthy people
hat this amount can be absorbed and utilized.13 Two
tudies of iron-depleted patients demonstrated efficient
bsorption of small doses of iron (20 mg/d).14,15 How-
ver, the small iron dose was studied using a single
bsorption test for identifying iron deficiency without a
onger therapeutic follow-up. A recent study of pregnant
omen demonstrated the efficacy of low-dose iron ther-

py to raise hemoglobin levels compared with placebo,
ithout any gastrointestinal side effects.16 The aim of our

tudy was to determine whether low-dose iron supple-
entation can replace the conventional doses for treat-
ent of iron-deficiency anemia in patients over 80 years

f age.

ubjects and methods

ample

ll consecutive admissions to the Acute Geriatric Ward of
aplan-Harzfeld Medical Center between March, 2001, and
ebruary, 2004, were examined for hemoglobin and ferritin

evels. Patients were enrolled in the study if they had he-
oglobin levels between 80 g/dL and 119 g/dL and ferritin

evels below 40 ng/mL. Patients who were unable or un-
illing to sign an informed consent, or who had vitamin B12

eficiency, severe systemic illness, underlying malignancy,
onsiderable renal failure (creatinine level above 2.5 mg/dL),
r who received iron therapy or a blood transfusion less than
week prior to enrollment were excluded, as were patients
ith positive serologies for celiac disease, active known
astrointestinal blood loss, and acute infection. Patients who
ere hospitalized in the same department at the same time,
ut who did not have laboratory evidence of anemia, served
s a reference group and received 15 mg of elemental iron
aily for 2 months.

rocedures

articipants were randomized to receive 15 mg, 50 mg, or
50 mg of elemental iron daily, either 1 hour prior to or
hours after meals. The low iron doses (15 mg and 50
g) were given as liquid ferrous gluconate mixed in

imple syrup. One tablet of 500 mg ferrous calcium
itrate taken 3 times daily constituted the conventional
reatment of 150 mg of elemental iron for 2 months (the

arge amount of liquid required for the 150-mg group f
orced us to replace the ferrous gluconate with ferrous
alcium citrate in the form of tablets).

Patients were assigned to the 3 treatment groups by a
andomization box, which contained 90 notes: 15 mg was
ritten on 30 notes, 50 mg was written on 30, and 150 mg
as written on 30. When a new patient was enrolled in

he study, the physician involved took out a folded note
rom the box and opened it.

Iron absorption was assessed 2 hours after intake of
5 mg of iron in all patients, including controls. Serum iron
as measured before the first ingestion of iron and at 15, 30,
5, 60, and 120 minutes thereafter.

A complete medical history was obtained, and a thor-
ugh physical examination was performed. Baseline he-
oglobin and ferritin blood levels were measured before

ny iron supplement was given and at days 30 and 60
fter the start of the treatment. One physician was re-
ponsible for ongoing contact with the patients and for
aking home calls and visits to those unable or unwilling

o attend follow-up appointments. A questionnaire was
ent to the patients’ primary physicians asking them to
nvestigate the cause of iron deficiency and report the
esults.

Hemoglobin levels (reference range, �13 g/dL for
en and 12 g/dL for women were analyzed by an auto-
ated analyzer (Technicon H*2, Technicon Instruments
orp, Tarrytown, NY). Ferritin levels (range, 24 ng/mL

o 300 ng/mL for men and 15 ng/mL to 307 ng/mL for
omen) were measured using a chemiluminescence as-

ay (Access, Beckman, Fullerton, Calif). Serum iron lev-
ls (range, 59 �g/dL to 158 �g/dL for men and 37 �g/dL
o 145 �g/dL for women), was measured using a closed
itachi system (Roche Diagnostics Systems, Mannheim,
ermany) based on a guanidine hydrochloride/ferrozine

eaction. Anemia was defined as hemoglobin concentra-
ions below 13 g/dL for men and below 12 g/dL for
omen. Iron deficiency was confirmed when ferritin lev-

ls were below 40 ng/mL on two separate tests.17-19 A
uestionnaire of 5 potential side effects was completed
y all patients at the beginning of the study and at 10
ays, 30 days, and 60 days after initiation of iron therapy.

visual analogue scale was used to assess the darkness
f the stools and was divided arbitrarily into 4 levels:
rown, dark, very dark, and black. An adverse effect that
ersisted for at least 1 week, with or without medical
reatment, was considered clinically relevant.

The study was approved by the ethics committees of
aplan Medical Center and the Israel Ministry of Health.
ll subjects signed an informed consent after receiving

n oral explanation of the purpose of the study and its
ossible risks and benefits.

The authors have no financial interest in the sub-
ect discussed in the manuscript, no sources of funding
ere available for this research, and there was no finan-

ial support except for the department’s own research

unding.
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tatistical analysis

he effect of iron supplementation on iron status and on
dverse effects was assessed by the repeated-measures anal-
sis of variance. The differences in blood tests at the 2
ostbaseline assessment times were analyzed by analysis of
ovariance with a Bonferroni adjustment. Simple linear
egression was used to compare the slopes of iron absorp-
ion curves. Paired t tests were used for comparison of mean
alues. All analyses were conducted using SPSS for Win-
ows, version 10.0 (SPSS Inc, Chicago, Ill). The sample size
as calculated according to our assumption that a 0.7 g/dL or

ess difference in hemoglobin concentration between the treat-
ent groups 60 days after daily iron therapy would be consid-

red as equivalent potency of the different doses, with 80%
ower, � � 0.05, standard deviation � 1.2 g/dL.

esults

f 5329 admitted patients, 548 patients over the age of 80
ears were admitted with a diagnosis of anemia during the
-year study period. Of these 548 patients, 458 were ex-
luded from the study: 217 with ferritin levels above
0 ng/mL, 30 were unable or unwilling to sign an informed
onsent, 61 had iron therapy before hospitalization, 53 had
itamin B12 deficiency, and 32 had received recent blood
ransfusions. Another 19 patients were excluded because of
evere systemic illness, 17 because of an acute infectious
llness, 11 with disseminated malignancy, 10 had consider-
ble renal failure, and 8 had positive antiendomiseal anti-
odies.

The remaining 90 patients (16.4% of the hospitalized
atients with anemia), 30 patients in each dose group, were
andomized to receive 15 mg, 50 mg, or 150 mg of elemen-

Table 1 Baseline characteristics of participants receiving 2 m

Characteristic

Daily iron dose per g

15 mg

Number (%) or mean

Mean age, years 86.1 � 5.4
Male sex 11 (37)
Chronic diseases† 3.4 � 1.6
Medications‡ 4.5 � 3.3
Mean hemoglobin level (g/dL) 10.0 � 1.1
Mean corpuscular volume (fL) 79.2 � 7.1
Ferritin (ng/mL) 19.8 � 6.6
C-reactive protein (mg/L) 11.6 � 6.6

(Reference range for the following values, hemoglobin: men, �13 g
men, 24 ng/mL to 300 ng/mL and women, 15 ng/mL to 307 ng/mL, C-r

*Thirty patients were included in each treatment group.
†Chronic diseases are defined as those requiring active treatment.
‡Medications is defined as any drug, including over-the-counter dru
al iron daily for a 2-month period (Table 1). Another 30 N
ospitalized patients without anemia and with ferritin levels
bove 40 ng/mL acted as a reference group and were given
5 mg of iron daily for 60 days.

ron absorption test

fter ingestion of 15 mg of iron, serum iron concentration
ose significantly in all iron-deficiency anemia patients,
eginning 15 minutes after iron intake (P �0.001; Figure 1).
he nonanemic patients did not have a statistically significant

ise in serum iron concentration at 15 minutes (P � 0.68).
he rate of 2-hour absorption was much faster in the iron-
eficiency anemia patients than in the nonanemic group (P

0.029 for comparison of the two slopes).

of iron therapy

mg 150 mg No anemia 15 mg

4 � 4.1 84.9 � 4.4 85.9 � 5.7
(40) 14 (47) 11 (37)
4 � 1.9 3.6 � 1.3 3.9 � 2.0
4 � 2.9 4.6 � 2.4 4.7 � 3.2
9 � 1.0 10.2 � 1.3 13.1 � 0.9
7 � 5.9 80.0 � 7.4 86.6 � 4.4
1 � 8.8 22.2 � 9.1 93.9 � 16.5
9 � 9.0 13.5 � 8.3 52.6 � 36.1

women, �12 g/dL; mean corpuscular volume: 80 fL to 99 fL; ferritin:
protein: 0.01 mg/L to 8.00 mg/L.)

Minutes After Iron Ingestion
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S
e

ru
m

 I
ro

n
 (

 m
c
m

o
l/
L

)

20.0

16.0

12.0

8.0

4.0

-----  IDA

___  Control

igure 1 Low-dose iron absorption curve after a single dose of
5 mg of elemental iron to treat IDA (iron-deficiency anemia).
atients with iron-deficiency anemia were compared with patients
ithout anemia. Data are given as mean iron levels � SD. P
0.001 for effect and differences in slope between the two groups.
onths
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ormal iron range: 59.2 �g/dL to 159 �g/dL.



F

A
c
g
b
g

a
i
i
s
(
i
l
w

C

F
s

d
i
t
w
c
d
p

A

T
t
w
f
a
d
t

F
f

F
o
h

1145Rimon et al Low-dose iron therapy
ollow-up iron status

rise in the reticulocyte count, from 0.6% to 2.1%, oc-
urred 30 days after initiation of treatment in the anemic
roup taking 15 mg of iron (range, 0.8% to 2.1%). A smaller
ut still significant rise was also found in the nonanemic
roup, from 0.8% to 1.3% at 30 days.

During the 2-month treatment period, serum hemoglobin
nd ferritin concentrations increased significantly in all
ron-deficiency anemia patients, without statistically signif-
cant differences among the 3 doses. By comparison, no
ignificant change was noted in the control group
P �0.001; Table 2). The rise in ferritin levels was steeper
n the first compared with the second month (Figure 2). The
ower the baseline hemoglobin level, the more it increased
ith therapy (Figure 3).

auses of iron deficiency

or the 90 patients, 51 primary care physicians (57%) re-
ponded to the questionnaire regarding the causes of iron

Table 2 Changes in hemoglobin and ferritin values in study p

Iron dose, daily

Time from first iron do

Day 0

Hemoglobin (g/dL) Mean
15 mg 10.0 � 1.1
50 mg 10.9 � 1.0
150 mg 10.2 � 1.3

No anemia (15 mg) 13.1 � 0.9
Ferritin (ng/mL)

15 mg 19.8 � 6.6
50 mg 25.1 � 8.8
150 mg 22.2 � 9.1

No anemia (15 mg) 86.5 � 23.5

*Thirty participants were assigned to each dose group.
†P � 0.001 compared with day 0.
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igure 2 Effects of different doses of iron intake on serum

erritin levels. Normal ferritin range: 24 ng/mL to 300 ng/mL. l
eficiency. Responses included colon cancer or polyps �1 cm
n 6 patients and upper gastrointestinal malignancies and pep-
ic disease or severe esophagitis in 8 patients. The patients
ith malignancy (1 with gastric cancer and 2 with colon

ancer) had almost no increase in hemoglobin and in ferritin
uring the 2-month iron therapy. The results of the other 11
atients were similar to all other patients.

dverse effects of iron therapy

he most prominent dose-dependent adverse effects during
he study were “melena-like” black stools (Table 3) that
ere reported only in the higher iron doses. Withdrawal

rom the study due to the adverse effects of iron therapy was
lso dose dependent and was usually due to abdominal
iscomfort, nausea, or vomiting. Only 1 patient stopped
aking the medications less than a week after the initiation

ants* during 2 months of iron therapy

Increase between Day 0
and Day 60 (95%
confidence interval)Day 60

11.3 � 0.9† 1.3 (0.7-2.0)
12.3 � 0.7† 1.4 (0.8-1.9)
11.6 � 0.8† 1.4 (0.9-1.8)
13.2 � 0.9 0.2 (0.2-1.5)

60.2 � 18.5† 40.4 (32.1-48.1)
61.4 � 18.2† 36.3 (29.1-42.5)
66.3 � 19.5† 44.1 (35.5-50.4)
90.2 � 26.7 3.7 (2.1-20.4)
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igure 3 Increase in hemoglobin levels after 2 months of 15 mg
f daily elemental iron therapy as a function of the baseline
emoglobin level. P �0.01 for the relation of baseline hemoglobin
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evel to the 2-month increase in hemoglobin.
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f the study (vomiting in a patient on 150 mg of iron per
ay).

iscussion

his study demonstrates that a low iron dose is an effective
herapeutic option in elderly patients with iron-deficiency
nemia. The lowest dose of elemental iron used was 15 mg,
hich is considerably lower than the 150 mg found in one

ablet of ferrous fumarate, the 65 mg found in one 200-mg
ablet of ferrous sulphate, or even the 35 mg found in one
00-mg tablet of ferrous gluconate. Even in elderly pa-
ients who have iron deficiency, iron absorption was very
ast and efficient. By comparison, the nonanemic patients
ad very little absorption of this small dose of iron.
owever, in 5 nonanemic patients, the iron absorption

ate was similar to that of the patients with iron-defi-
iency anemia, suggesting either iron deficiency without
nemia, which was not identified by routine laboratory
tudies, or possible abnormalities in over-absorption of
ron despite normal iron stores.

Low doses of iron can be used not only as a test for iron
bsorption but also for chronic treatment that gradually
estores the body’s iron stores. The average rise in hemo-
lobin concentration during the 2 months of low-dose treat-
ent was 1.3 g/dL (ie, slightly more than the effect of one

nit of packed cells blood transfusion), and this rise was
reater in patients with more severe anemia (Figure 3). This
ncrement in hemoglobin level did not lead to normal levels
ut was probably sufficient to reverse the negative influence
f anemia on elderly patients with mild anemia. Interest-
ngly, most of the effect of iron therapy occurred during the
rst month; studies of longer duration will be needed to
larify whether treatment with a low dose of iron can return

Table 3 Reported adverse effects of different doses during
daily iron therapy for 2 months

Daily iron dose per group*

Adverse effect

15 mg 50 mg 150 mg

Number (%)

Abdominal discomfort 6 (20) 18 (60)† 21 (70)†
Nausea/vomiting 4 (13) 11 (36) 20 (67)†‡
Diarrhea 4 (13) 16 (53)† 21 (70)†
Constipation 0 3 (10)† 7 (23)†
Darkened stools 13 (44) 20 (67)† 27 (91)†
Black stools 0 9 (30)† 20 (67)†‡
Dropout 2 (7) 5 (17) 8 (27)†

*Thirty patients were included in each treatment group. Adverse
effects were assessed by a questionnaire at days 10, 30, and 60.

†P �0.05 between this group and the 15-mg group.
‡P �0.05 between this group and the 50-mg group.
ron stores to the normal range. d
The adverse effects of iron therapy in this study were
learly dose dependent (Table 3). Although one study has
uggested that the toxicity of 105 mg of iron given daily in
divided doses could not be distinguished from placebo,20

everal more recent studies that used conventional doses of
ron therapy revealed that gastrointestinal adverse effects,
ncluding constipation, nausea, vomiting, abdominal pain,
nd diarrhea, were common.21-23 The incidence of adverse
ffects was higher in the present study than had been pre-
iously reported, perhaps due to the older age of the par-
icipants.

In the elderly, the adverse effects of iron therapy could
ead to considerable morbidity and impaired compliance.
bdominal pain, nausea, and vomiting can cause a decrease

n food intake. Changes in bowel habits can worsen existing
roblems and lead to unnecessary gastrointestinal examina-
ions due to suspicion of malignancy. Darkened stools are
npleasant for older patients and could be mistaken for
elena. Therefore, by decreasing adverse effects, low iron

oses could have substantial influence on health in this age
roup.

The number of patients in this study was small because
e selected patients with clear iron deficiency.24 Many
atients were excluded because they had been taking
hronic iron therapy or had received blood transfusions. The
eason for these strict exclusion criteria was to confine our
tudy sample to patients with truly low iron stores. There-
ore, only 16.4% of the patients with anemia who were
dmitted to our department were included in the study.
erritin levels are considered the best markers of iron status
lso in the elderly. However, ferritin is an acute phase
eactant and its level is often high in old age due to inflam-
atory diseases. Choosing the cutoff value of ferritin at

ower than 40 ng/mL rather than at the 15 ng/mL used in
ounger patients gives an optimal specificity (100%) but
low sensitivity, which means we included many iron

eficiency patients who otherwise would have been ex-
luded.19

The results of the present study may not apply to patients
ith iron deficiency due to malabsorption (eg, celiac dis-

ase), combined iron deficiency and anemia of chronic dis-
ase, or untreated Helicobacter pylori infection. Achlorhy-
ria does not seem to impair the absorption of medical iron
reparations, because they usually contain ferrous iron
Fe�2) that does not need acid for absorption. Young iron-
eficient patients probably absorb medical iron at least as
fficiently as those over the age of 80 years. Moreover, a
ecent study demonstrated the efficacy of 20 mg of elemen-
al iron in pregnant anemic women.16 Therefore, young
ron-deficient patients also could probably be treated with
ow-dose iron therapy.

This study demonstrates that small iron doses, one tenth
f what is generally recommended, efficiently raise hemo-
lobin and iron stores in elderly patients without producing
ubstantial adverse effects. Future studies will be needed to

etermine the optimal dose of iron that can restore iron
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tatus as fast as possible, with minimal adverse effects and
rug interactions.
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