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Summary
BACKGROUND: Iron deficiency without anaemia is highly 
prevalent and is particularly associated with fatigue, cog-
nitive impairment, or poor physical endurance. Standard 
oral iron therapy often results in intestinal irritation with 
associated side effects and premature discontinuation of 
therapy, therefore, optimal oral iron therapy with sufficient 
iron absorption and minimal side effects is desirable.

METHODS: Thirty-six iron-deficient non-anaemic pre-
menopausal women (serum ferritin ≤30 ng/ml, haemoglo-
bin ≥117 g/l) with normal body mass index (BMI) and no 
hypermenorrhea received 6 mg of elemental oral iron (cor-
responding to 18.6 mg ferrous sulphate) twice daily for 8 
weeks.

RESULTS: Participants treated with low-dose iron had 
an average age of 28 years and a BMI of 21 kg/m2. 
Their serum ferritin and haemoglobin increased signifi-
cantly from 18 ng/ml to 33 ng/ml (p <0.001) and from 
135 g/l to 138 g/l (p = 0.014), respectively. Systolic blood 
pressure increased from 114 mmHg to 120 mmHg (p = 
0.003). Self-reported health status improved after 8 weeks 
(p <0.001) and only one woman reported gastrointestinal 
side effects (3%).

CONCLUSION: This prospective open-label single-arm 
trial shows that oral iron treatment of 6 mg of elemental 
iron twice daily over 8 weeks is effective in iron-deficient 
non-anaemic women. Due to the negligible side effects, 
low-dose iron treatment is a valuable therapeutic option for 
iron-deficient non-anaemic women with normal BMI and 
menstruation. Further placebo-controlled studies with a 
larger number of participants are needed to confirm these 
results.

ClinicalTrials.gov NCT04636060

Introduction

Iron deficiency is the most common cause of anaemia af-
fecting over 1 billion people worldwide [1], while iron de-
ficiency without anaemia is probably even more common
and often not diagnosed. In the global South, low iron in-
take is the major cause of iron deficiency, which is often
aggravated by chronic infection. However, iron deficiency
without anaemia is very common in developed countries
with good healthcare facilities, with a prevalence ranging
from 15.6% to 22.7% in premenopausal women [2, 3]. In
other areas, such as Lebanon in the Middle East, it is as
high as 57.5% in women aged 18–50 years old accord-
ing to a recent study [4]. Iron deficiency without anaemia
leads to fatigue [5–8], cognitive impairment [8, 9] and poor
physical endurance [10]. Iron therapy in non-anaemic iron-
deficient women improves fatigue [5] and the physical per-
formance of athletes [11] and is recommended for those
suffering from restless legs syndrome [12] or heart failure
[13]. Thus, iron deficiency should be prevented.

The major reasons for iron deficiency are inadequate in-
take, impaired or reduced intestinal absorption and chronic
blood loss due to heavy menstruation, all resulting in low
iron stores, especially in young women. A recent review
of dietary iron intake in women of reproductive age, in-
cluding 49 surveys from 29 European countries, reported
an iron intake below the recommended 15 mg/d in 61–97%
of women [14], further worsening iron balance in women.

Iron deficiency is usually treated with daily oral iron doses
of 60–180 mg elemental iron [15] and recent guidelines
from the British Society of Gastroenterology recommend
daily doses of 50–100 mg [16]. Unfortunately, standard
oral iron supplementation is frequently associated with
gastrointestinal side effects [17] with a frequency of up to
47% [18] due to insufficient intestinal iron absorption with
residual amounts of unabsorbed iron leading to intestinal
epithelial cells irritation and altered microbiome compo-
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sition [15, 19]. Only about 10% of the normal iron dose
is absorbed [20], even less for higher iron doses [21] and
intestinal irritation provoked by unabsorbed iron is more
likely, therefore, a therapy with few side effects is desir-
able.

Consequently, this study was designed to determine
whether a low iron dose with potentially better iron absorp-
tion efficacy can replenish iron stores and have fewer side
effects. We investigated whether low-dose iron supplemen-
tation with 6 mg twice daily over 8 weeks can increase
serum ferritin levels to within the normal range in healthy
iron-deficient non-anaemic premenopausal women.

Methods

This study was conducted at the University Hospital of
Zurich in the Department of Endocrinology according to
the Declaration of Helsinki and the Guidelines of Good
Clinical Practice. The protocol and amendments were ap-
proved by the local ethics committee. The study partici-
pants and the public were not involved in the design, con-
duct, reporting, or dissemination of this research but all
participants provided written informed consent. The study
was registered in the Swiss National Clinical Trials Portal
and at ClinicalTrials.gov: 202002599 and NCT04636060.

Participants

This study involved healthy iron-deficient non-anaemic
premenopausal women defined as having a serum ferritin
concentration ≤30 µg/l and haemoglobin ≥117 g/l. Further
inclusion criteria were: age >18 years, regular menstrual
cycle (defined as a cycle with a duration of 23 to 35 days),
body-mass-index (BMI) of 18–25 kg/m2, no intake of di-
etary supplements for at least 4 weeks, not pregnant, no
hypermenorrhoea (more than 5 sanitary pads or 5 tampons

per day or more than 80 ml blood loss during one men-
struation), no chronic inflammatory disease, no psychi-
atric disorders, no hypersensitivity to iron-supplements, no
chronic kidney disease (creatinine ≤80 µmol/l), no hypo/
hyperthyroidism (Thyroid Stimulating Hormone (TSH),
0.16–4.25 mU/l) and no intake of drugs interacting with
oral iron supplementation (e.g. PPI, antacids, calcium
channel blocker, antibiotics such as ciprofloxacin or tetra-
cyclines, bisphosphonates, levothyroxine).

Adverse events

Adverse events reported by the participants were assessed
with detailed history by the investigators at each visit and
immediately afterwards classified as “serious” or “not se-
rious” and as “drug-associated” or “not drug-associated”.
Information regarding the event was recorded in a profor-
ma including the symptoms, date of beginning, duration,
intensity, the relationship to the study procedure and ac-
tions taken. In the case of a serious adverse event, the spon-
sor investigator was informed immediately and all further
steps were evaluated thoroughly.

Study design

Of the 108 participants screened, 36 met the inclusion cri-
teria (see figure 1).

The study consisted of two visits after enrolment (baseline
and follow-up visit) and there was no control group. At
both visits, participants were fasting, vital signs were mea-
sured, and a blood sample was obtained for the determi-
nation of serum ferritin, haemoglobin, C-reactive protein
(CRP), and plasma hepcidin. At baseline, we rechecked for
concomitant medications, asked about the occurrence of
any adverse events since the screening visit and distributed
the iron supplement; two boxes containing sixty 6 mg for
a total of 120 coated tablets of elemental iron (correspond-

Figure 1: Study flow diagram.
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ing to 18.6 mg dried iron sulphate, produced by Streuli
Pharma AG, 8730 Uznach, Switzerland). The participants
were asked to take two tablets per day, one in the morn-
ing and one in the evening, 60 minutes before or after a
meal for eight weeks. Since there were no visits during
the eight-week intervention, the participants were contact-
ed every two weeks by telephone, mail, or online mes-
sages to monitor compliance and ask about any adverse
events. The data were obtained from 36 participants in 2
visits, with the first visit being the baseline and the second
visit after 8 weeks of taking the study medication. At the
follow-up visit, the participants were asked about adverse
events and the remaining iron supplements were counted
as a further measure of compliance. Any change in their
general health status was assessed eight weeks after treat-
ment initiation by asking participants to categorise their
current health status compared to the baseline visit: im-
proved (much or moderately), unchanged, or worsened (lit-
tle, moderately, or much) (adapted from Anker et al. [22]).

Study medication

The study medication was donated by Streuli Pharma AG
(Bahnhofstrasse 7, 8730 Uznach, Switzerland). The low-
dose vegan iron supplement was in the form of coated
tablets containing 6 mg of elemental iron (corresponding
to 18.6 mg ferrous sulphate).

Laboratory analysis

The plasma for the measurement of hepcidin was stored
immediately after collection on dry ice in a locked re-
frigerator at -80°C without freeze-thaw cycles until ship-
ment to the laboratory. Two months after study termina-
tion, the frozen samples were sent to the Laboratory of
Translational Metabolic Laboratory (TML), Department of
Laboratory Medicine, Radboud University Medical Cen-
ter, Nijmegen, the Netherlands for analysis using a vali-
dated but not standardised c-ELISA method (DRG-inter-
national Hepcidin25 (bioactive) HS ELISA (#EIA-5782)
Lots 314K111 and 314K051-2). Haemoglobin, iron, serum
ferritin, transferrin, CRP, creatinine, alanine aminotrans-
ferase and TSH were measured at the Institute of Clinical
Chemistry, University Hospital of Zurich, directly after
the blood samples were obtained. Haemoglobin was mea-
sured on an ABL-90 blood gas analyser (Radiometer, Den-
mark) and other serum analytes were measured using a
Cobas 8000 (502c and e801) analyser (Roche Diagnostics,
Mannheim, Germany).

Statistical analysis

All data were analysed using SAS 9.4. Normally distrib-
uted data are represented as mean values (± SD) and non-
normally distributed data as median values. Comparisons
of pre and post-intervention values were performed using
the paired T-test or Wilcoxon test. Changes in health status
were statistically compared under a null hypothesis of un-
changed status and analysed using the sign test. All tests
were performed at the 5% significance level (p = 0.05).
Two women discontinued the study medication but re-
turned for the follow-up visit. For the power calculation,
we assumed a serum ferritin difference after 8 weeks of
treatment of 5 ng/ml with an SD of 10, therefore, we

assumed an effect size of 0.5 and a sample size of 34
probands. The data of all included participants were calcu-
lated according to the intention-to-treat (ITT) principle and
the per-protocol (PP) principle.

Results

Baseline characteristics

Out of 108 premenopausal women screened, 36 were in-
cluded in the study and had an average age of 28 ± 6
years and a mean BMI of 21 ± 2 kg/m2. They presented
with a median serum ferritin of 18 (15, 23) ng/ml, average
haemoglobin of 135 ± 9 g/l, and a median CRP of 1 (0,
3) mg/l. Of the 72 measured CRP values, 66 (92%) were
≤5 mg/l and 5 (7%) ≤10 ng/ml. There was one CRP value
above 10 mg/l. The median plasma hepcidin level at base-
line was 2.9 (1.4, 4.2) ng/ml. See table 1 for further base-
line parameters.

Change in blood parameters at 8 weeks

The changes in blood parameters are shown in table 2. Af-
ter 8 weeks of 6 mg of iron twice daily, the median serum
ferritin increased from 18 ng/ml to 33 (24, 43) ng/ml (p
<0.001) (figure 2) and haemoglobin increased by 3 g/l to a
mean value of 138 ± 8 g/l (p = 0.014). Systolic blood pres-
sure increased by 5 mmHg to an average value of 120 ± 10
mmHg (p = 0.003) and plasma hepcidin increased by 2 ng/
ml to 5.6 (2.9, 10.0) ng/ml after 8 weeks (p = 0.004). One
woman had a CRP value above 10 mg/l but did not report
any complaints. For all changes of blood parameters, see
table 2. Figure 2 shows serum ferritin values before and af-
ter the low-dose iron therapy. In two women, serum ferritin
decreased by 1 ng/ml and 2 ng/ml respectively and one
of these women discontinued therapy after 4 weeks due to
side effects (see adverse events). Serum ferritin remained
unchanged during therapy in one woman (3%). Serum fer-
ritin increased in 33 women (92%).

Health status

The self-reported health status improved significantly after
8 weeks of low-dose iron treatment (p <0.0001), with most
women (n = 24, 67%) reporting an improved health status.
One woman who stopped taking the study medication felt
worse after the study. The per-protocol analysis (n = 34,

Table 1:
Baseline characteristics.

Age 28 ± 6 years

Body mass index 21 ± 2 kg/m2

Systolic blood pressure 114 ± 9 mmHg

Diastolic blood pressure 78 ± 6 mmHg

Haemoglobin 135 ± 9 g/l

Serum ferritin 18 (15, 23) ng/ml

Transferrin saturation 19 ± 9%

Serum creatinine 65 ± 9 µmol/l

Alanine aminotransferase 15 ± 5 U/l

Thyroid-stimulating hormone 1.8 ± 0.7 mU/l

Plasma hepcidin 2.9 (1.4, 4.2) ng/ml

C-reactive protein 1 (0, 3) mg/l

Results are presented as mean values (± 1 standard deviation) or me-
dian values (quartiles Q1, Q3).
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see table S1 in the appendix) showed identical results,
apart from a significant increase in diastolic blood pressure
after iron therapy.

Adverse events

Two women reported adverse events, one of which was re-
lated to the iron supplement. The woman paused the intake
of the study medication as she complained of constipa-
tion and abdominal discomfort, which were resolved after
changing the time of intake to 60 minutes after a meal. The
other woman was concerned about potential side effects
and discontinued the therapy after three weeks.

Discussion

This study showed for the first time that low-dose oral iron
therapy for eight weeks significantly improved iron stores
in iron-deficient non-anaemic premenopausal women. The
low-dose therapy of 6 mg of elemental iron twice daily was
very well tolerated with only one woman reporting side ef-
fects.

Studies with lower-dose iron supplements have been per-
formed in children and the elderly [23–25]. Daily doses
of 20 mg of iron in children aged 6 to 43 months living
in Mexico resulted in a significant increase in serum fer-
ritin after 4 months, but therapy with lower iron doses such
as 12.5 mg or 6.7 mg daily had no effect [23]. An oral
supplement of 15 mg of elemental iron daily in iron-de-

Figure 2: Change of serum ferritin for each woman (n = 36) after 8
weeks of low dose iron treatment (6 mg of elemental iron twice
daily).

ficient non-anaemic elderly (>80 years, baseline Hb 10 g/
dl) resulted in a significant increase in serum ferritin and
haemoglobin after 60 days [25]. In the present study, treat-
ment with only 6 mg of elemental iron twice a day for
eight weeks lead to a highly significant improvement in
iron stores in non-anaemic women, possibly because of ef-
fective iron absorption. Moretti et al. showed that in non-
anaemic healthy females with depleted iron stores (defined
as serum ferritin below 20 ng/ml) that a daily dose of
60–240 mg elemental iron increased plasma hepcidin with
consecutive reduced iron absorption on the next day [21].
In the present study, therapy with only 6 mg of elemental
iron twice a day for 8 weeks lead to significantly improved
iron stores, suggesting effective iron absorption due to less
plasma hepcidin production. The recommended dietary al-
lowance for premenopausal women in Switzerland is the
same as in the US, 15 mg/d. In a previous study of women
with a mean age of 23 years in Zurich, the average dietary
iron intake was only 10.8 mg/d [26]. Interestingly, as well
as a similar age, the women also had a similar BMI of 21.7
kg/m2, therefore we assume that our study population had
a similarly low and insufficient iron intake. In addition, we
excluded women with substantial menstrual iron loss due
to hypermenorrhoea. Taken together, the iron deficiency in
our study population may be primarily due to an insuffi-
cient iron intake, not from increased losses. Additional oral
iron supplementation would therefore have a beneficial ef-
fect on iron stores, as observed in the present study.

The current standard iron therapy often leads to side effects
caused by gastrointestinal toxicity, with a frequency of up
to 47% [18]. In addition, there is a risk of an unfavourable
change in the microbiome if iron therapy is inadequate
with an excess of unabsorbed iron [27, 28]. Unpleasant
side effects result in treatment discontinuation and un-
necessary, expensive intravenous iron therapy. In the pre-
sent study, only one woman reported gastrointestinal side
effects in the form of abdominal pain and constipation,
which were resolved after she started taking the iron pill 60
minutes after a meal instead of before. Thus, the low-dose
iron therapy of 6 mg twice a day appears to be well toler-
ated. Low-dose iron therapy per se leads to a reduced pro-
portion of non-absorbed iron, which could be even lower
because of improved iron absorption.

This study has some limitations including the small sample
and that the study population was selected to exclude over-
weight women. Excess weight and obesity are often as-
sociated with low-grade inflammation leading to funda-
mental changes in iron metabolism, hence a higher plasma
hepcidin concentration and impaired absorption of oral
iron [29]. It was not possible to determine which daily low-

Table 2:
Blood parameters and blood pressure at start and 8 weeks after low dose iron treatment (6 mg of elemental iron twice daily) for n = 36.

Low dose iron treatment

0 weeks 8 weeks Change p-value

Systolic blood pressure, mmHg 114 ± 9 120 ± 10 5 ± 10 0.003

Diastolic blood pressure, mmHg 78 ± 6 80 ± 9 2 ± 7 NS

Hemoglobin, g/l 135 ± 9 138 ± 8 3 ± 8 0.014

Serum ferritin, ng/ml 18 (15, 23) 33 (24, 43) 16 (8, 26) <0.001

Plasma hepcidin ng/ml 2.9 (1.4, 4.2) 5.6 (2.9, 10.0) 2.0 (0.0, 5.9) 0.004

C-reactive protein, mg/l 1 (0, 3) 1 (0, 2) 0 (–1.0, 0) NS

Results are presented as mean values (± 1 standard deviation) or median values (quartiles Q1, Q3). P-values were calculated by paired T-test or Wilcoxon test, ns: not significant
and no trend (p >0.10)
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dose iron therapy works best or whether a single morn-
ing dose in the low-dose iron range would be sufficient. It
would certainly be advantageous to have a single iron dose
in terms of treatment compliance. Low-dose iron therapy
in iron-deficient women has not yet been investigated.

Accordingly, this study aimed to examine the effects of
low-dose iron therapy per se and not to compare it with
standard daily iron therapy of 60–100 mg. This should now
be considered in a further study, as well as the low preva-
lence of side effects observed under low-dose iron thera-
py in a placebo-controlled trial. Most women reported an
improvement in their self-reported health status at the end
of the study. Since iron therapy, as we have reported in an
earlier study [5], has a substantial placebo effect, a blind-
ed control group would have been helpful for the assess-
ment of clinical efficacy. However, this was not the inten-
tion of our study because it has already been shown that
iron treatment to improve iron stores is clinically beneficial
in iron-deficient non-anaemic women [5–7]. Interestingly,
there was a significant increase in systolic blood pressure
after ameliorating iron stores but whether the increase in
systolic blood pressure is due to an improved cardiac mus-
cular function, while intriguing, remains unclear. However,
it is well known that iron administration improves cardiac
performance in participants with heart failure [22].

In summary, low-dose oral iron therapy with 6 mg of el-
emental iron twice a day is effective with negligible side
effects in iron-deficient non-anaemic premenopausal
women. Due to the known intestinal irritation (and poten-
tial damage to the microbiome) and associated clinical side
effects of standard iron treatment, low-dose iron treatment
is a valuable therapy option for iron-deficient non-anaemic
premenopausal women with a normal BMI and menstrua-
tion. Further placebo-controlled studies with a larger num-
ber of participants are needed to confirm these results.
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Appendix

Table S1:
Blood parameters and blood pressure at start and 8 weeks after low dose iron treatment (6 mg of elemental iron twice daily) according to per protocol (n = 34).

Low dose iron treatment

0 weeks 8 weeks Change p-value

Systolic blood pressure, mmHg 115 ± 8 120± 10 6± 10 0.003

Diastolic blood pressure, mmHg 78 ± 6 80± 8 3± 7 0.025

Haemoglobin, g/l 136 ± 9 139 ± 8 3 ± 8 0.033

Serum ferritin, ng/ml 18 (15, 22) 34 (26, 44) 16 (9, 26) <0.001

Plasma hepcidin ng/ml 2.9 (1.3, 4.3) 5.7 (2.9, 10.8) 2.0 (0.1, 6.1) 0.004

C-reactive protein, mg/l 1 (0, 3) 1 (0, 2) 0 (-1.0, 0) NS

Results are presented as mean values (± 1 standard deviation) or median values (quartiles Q1, Q3). P-values were calculated by paired T-test or Wilcoxon test, ns: not significant
and no trend (p >0.10)
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