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ABSTRACT
Introduction: Iron deficiency anemia is a major problem worldwide treated by replenishment 
of iron stores. The treatment is complicated by differing pharmacodynamics of administrative 
routes, equations with design effects, ongoing losses, additional daily requirement, plateau-
ing of markers required for iron absorption, food–drug interactions, gender, and age. 
Accounting for these factors in one dosing regimen becomes difficult, specifically in males. 
This review aimed at analyzing multiple dosages of iron supplements in different studies and 
determining if there are factors that could individualize treatment in male patients.
Methods: A scoping review was performed using PubMed, Google Scholar, and ClinicalTrials. 
gov. We reviewed literature from 1980 to 2020. The keywords used in the review were ‘iron 
deficiency’, ‘dosage’, ‘males’, and ‘standardized’.
Results and conclusions: The review included 1507 male participants from 9 major studies (4 
clinical trials, 1 systematic review, 2 prospective and 2 descriptive studies). In the case of 
males, differences in lean body weight, and factors affecting absorption of iron also need to 
be considered. In order to thoroughly explore the issues in treatment of iron deficiency 
anemia, randomized controlled trials are required to investigate the frequency of dosing, 
impact of vitamin C and proper counselling, and weight changes in male participants.
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1. Background

Iron deficiency anemia is a global concern and is 
responsible for 800,000 deaths per year worldwide 
[1]. Anemia is well described in certain groups such 
as women of child-bearing age and children; how-
ever, the risk for anemia in males is increasing. 
There are a few risk factors evident in males, includ-
ing ethnicity. Age was found to be a greater risk 
factor in males as compared to females [2]. Absolute 
iron deficiency is caused by physiologically increased 
iron requirements, reduced iron intake, pathological 
defective absorption, or chronic blood loss [3]. 
Functional iron deficiency has a slightly different 
pathology. It is characterized by a state in which 
there is a failure of iron incorporation into erythroid 
precursors despite having adequate stores [4]. This 
pathophysiology explains the iron deficiency in 
infectious, inflammatory, and malignant diseases 
[5]. Therefore, there are many causes of iron defi-
ciency anemia that have to be investigated. A few 
diagnostic clues include a dietary history that is low 
in iron and a history of pagophagia [6]. However, 
laboratory diagnosis remains the mainstay of con-
firming such a diagnosis. The first step in this 

process includes clinical features suggesting anemia, 
with a low mean corpuscular volume (≤80μm3) and 
low mean hemoglobin (≤13.7 g/dL). This is followed 
by measuring serum ferritin levels. Levels ≤30 ng/ml 
are diagnostic of iron deficiency anemia. In patients 
with indeterminate serum ferritin levels, the total 
iron-binding capacity, serum iron, and transferrin 
saturation levels are measured. In cases of iron defi-
ciency anemia, the iron-binding capacity is increased 
while serum iron and transferrin saturation levels 
are decreased [7].

The mainstay of treatment for iron deficiency ane-
mia is to replenish iron stores. This can be done 
through the administration of oral or parenteral 
iron supplements. There are tablets with varying 
dosages available for consumption in oral form as 
opposed to parenteral iron which is an individualized 
infusion. This discrepancy in dosing between the two 
routes requires an in-depth review of how the 
dosages of iron supplements can be standardized.

The objective of this review was to describe and 
analyze multiple dosages of iron supplements in 
previous studies and to determine if there are factors 
that could individualize treatment in male patients.
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2. Methods

For the purposes of this study, a scoping review was 
performed. PubMed, Google Scholar, and 
ClinicalTrials.gov were used for the retrieval of stu-
dies required for the review. We reviewed literature 
from 1980 to 2020. The keywords used in the review 
were ‘iron deficiency’, ‘dosage’, ‘males’, and 
‘standardized’.

3. Review

Iron deficiency anemia is described as diminished red 
blood cell production in which there is either 
a decrease in iron stores owing to physiologically 
high requirements, decreased iron consumption, 
blood loss, or a decrease in incorporation of iron to 
aid in red blood cell maturity. This issue is a cause of 
extreme concern because it affects more than 35% of 
the world’s population and more than 50% of preg-
nant women [8]. After diagnosis of iron deficiency 
anemia is made using algorithms, iron supplementa-
tion is the main management apart from counselling 
patients regarding their lifestyle [9]. However, stan-
dardization of the empiric regimen for an efficacious 
response is a question that still needs to be addressed.

Iron supplementation has to be implemented such 
that recommended dietary allowances as well as 
ongoing losses are accounted for. The recommended 
dietary allowances vary depending on both age 
groups and gender. In women, the recommended 
intake is usually 15 mg for individuals aged 14 years 
to 18 years and 18 mg for individuals aged 18 years to 
50 years. Both groups increase to 10 mg and 27 mg 
during pregnancy and lactation, respectively. 
Compared to the same age groups, the recommended 
intake is lesser for men and is usually 8 to 11 mg [10– 
13]. Using these recommendations, it can be con-
cluded that one factor hindering the process of stan-
dardization is gender-based physiological differences. 
Women generally have higher requirements for iron 
owing to menstrual losses in pre-menopausal females 
and the natural process of giving birth [14].

Despite this factor, the routine practice is to 
address the amount of elemental iron needed to cor-
rect the anemia. The adult dose of elemental iron is 
150 to 200 mg daily for 3 months. Oral ferrous sulfate 
is the most commonly used formulation. The quan-
tity of elemental iron in one 325 mg tablet is about 
65 mg; therefore, the oral form is recommended for 
use every eight hours [15]. In that case, the total 
amount supplied to the body in one day would be 
195 mg. However, only 2% to 13% of the supplied 
elemental iron is absorbed with food, and 5% to 28% 
is absorbed without food [16]. Even if maximal 
absorption rates were achieved, the additional 
requirement to correct anemia would still not be 

met. However, it was found that when the total 
amount of oral ferrous sulfate prescribed in a day 
increased, it was associated with adverse effects such 
as nausea, vomiting, tarry stools, dose-related consti-
pation, and taste changes [17]. These adverse effects 
can cause non-compliance in many patients.

As a result of poor absorption patterns and high 
non-compliance rates, studies were done to deter-
mine if there was a dosing schematic that could 
help change these factors. Table 1 summarizes a few 
findings of the studies that were reviewed.

One such study done in 2015 by Moretti et al. 
mainly targeted 54 iron-deficient women without 
anemia and provided them with various dosages of 
oral ferrous sulfate for 2 days while using an isotope 
to target the absorption. The objective was to deter-
mine the acute rise in hepcidin as hepcidin concen-
trations increase after iron supplementation. Being 
a key regulator of the metabolism of iron, high hep-
cidin quantities decrease iron bioavailability and ulti-
mately, iron absorption. In this study, it was found 
that supplements with 60 mg of elemental iron 
increased hepcidin for 24 hours (p < 0.01), resulting 
in a 35% to 45% decrease in absorption (p < 0.01). 
Their recommendation was to use lower doses, 40 to 
80 mg and no more than once a day, to maximize the 
absorption. However, the study had a few limitations, 
such as a small sample size (n = 54), a specified target 
population, and a short duration to measure the 
effect of the therapy [18]. The greatest concern is 
that the patients did not have anemia and there 
were no male participants in the study. Anemic 
patients usually have lower than normal hepcidin 
concentrations which account for the increased total 
iron-binding capacity [19].

Stoffel and colleagues conducted a similar study in 
40 non-anemic and iron-deficient women. They were 
divided into two groups: group A received 60 mg of 
elemental iron once daily for 14 days while group 
B received 60 mg of elemental iron every 
alternate day for 28 days. It was found that 
alternate day regimen significantly increased iron 
absorption (21.8% vs 16.3%; p < 0.01). The total 
iron absorption for both groups were similar (44.3% 
vs 49.4%; p > 0.05). The serum hepcidin had signifi-
cantly increased for group A (p < 0.01) [20]. This 
study had similar limitations as Moretti and collea-
gues, including lack of male or anemic participants. 
However, the time duration was longer. Additionally, 
the impact of clinically important labs such as ferritin 
were not investigated [19,20].

Another study conducted in 2020 by Kaundal et al. 
focused on a more clinically important outcome. This 
study targeted 62 patients with varying degrees of 
iron deficiency anemia and subjected them to either 
60 mg twice daily (group BD) or 120 mg on alternate 
days (group AD). At 3 weeks, the endpoint of 2 g/dl 
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rise in hemoglobin was significantly met in group BD 
with twice daily dosing (p < 0.0001). However, the 
median hemoglobin rise was not significant for group 
BD. Similarly, this group had more complaints of 
nausea (p < 0.05). The main limitation of this study 
was the small number of male participants (n = 8, 
12.9%). [21] Similar findings had been reported for 
pregnant women in a study done in Nigeria which 
addressed the limitations of previous studies but the 
study also had a small sample size (n = 182) [22].

A 2019 systematic review revealed that intermit-
tent iron supplementation reduced the risk of having 
anemia (risk ratio (RR) 0.65, 95% confidence interval 
(CI) 0.49–0.87) and improved the concentrations of 
hemoglobin (mean difference (MD) 5.19 g/L, CI 3.-
07–7.32) and ferritin (MD 7.46 μg/L, CI 5.02–9.90). 
Women receiving iron supplements intermittently 
were also less likely to have less adverse side effects 
(RR 0.41, CI 0.21–0.82) [23]. Again, the main limita-
tion of this study was that the review primarily tar-
geted women and could not be generalized to men.

The data regarding dosages are further limited in 
men. A study focusing entirely on male participants 
had described a rise in serum iron and non- 
transferrin bound iron after they had been given an 
oral iron challenge. The increment in non-transferrin 
bound iron was still greater than normal ferritin 
levels in this study population [24]. The lean body 
weight also plays a role in the dosing by affecting the 
total elemental iron. The constant for lean body 
weight used in calculation is 50 kg in males and 
45.5 kg in females. This factor further makes standar-
dization difficult, particularly for males [25].

The data for treatment of iron deficiency anemia 
in males, considering the various factors that need to 
be accounted for in men, is severely lacking. 
Furthermore, it is also difficult to assess if fixed 
doses of supplements, a large oral dose or 
a combination therapy would be effective in males 
because many studies do not target the specific group. 
Emphasis has been laid on underlying factors respon-
sible for anemia instead of the regimen used. 
According to Artz et al. in a recent trial, testosterone 
deficiency led to unexplained or even iron-deficiency 
anemia in older males. Replacement significantly 
improved hemoglobin levels in both the groups of 
patients but hepcidin suppression only occurred in 
males without iron deficiency anemia (P < 0.001) 
[26]. Another study had focused on the use of ribo-
flavin and ferrous sulphate that proved to be bene-
ficial in males with poor hematological status 
secondary to iron deficiency anemia [27]. 
Surprisingly, it was noted in a study that males who 
frequently donated blood had lower ferritin levels; 
a trend consistent throughout all age groups whereas 
males who did not donate blood experienced the 
decrease at an older age range (60 years). Ta
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Multivitamins, including ferrous-sulphate-based vita-
mins, did not significantly improve the overall status 
of males [28]. Apart from these studies, questions 
about appropriate dosing regimens, combinations 
and routes for age groups in males remain unan-
swered (refer to Table 2)

In addition to limited data for daily dosing, there 
are some factors that completely change the response 
to the therapy. Firstly, the consumption of iron sup-
plements should not be recommended with food or 
products containing calcium due to risk of chelation. 
This is difficult for patients because the supplements 
produce an element of gastric upset, necessitating the 
need to take iron with food. Furthermore, iron is 
highly absorbed from the duodenum because of the 
acidic pH. This is problematic for patients using 
antacids because the amount of acid produced is 
less. Therefore, it is important that these patients 
take iron either 2 hours before or 4 hours after 
antacids.

The absorption of iron might increase with the 
use of vitamin C. There was a 48% increase in iron 
absorption with 500 mg of ascorbic acid for 30 mg 
of elemental iron, but no increase was seen for 
vitamin C doses less than 100 mg. The absorption 
was also increased by consumption of an excess of 
200 mg of vitamin C per 30 mg of elemental iron 
[29]. Additionally, there is the possibility of other 
drugs interacting with iron. A study investigated the 
effect of ferrous sulphate on the bioavailability of 
oral gemifloxacin. Twenty-seven healthy male volun-
teers received 320 mg of oral gemifloxacin either 
three hours after or two hours before taking 
325 mg of oral ferrous sulphate. It was found that 
neither routine reduced the bioavailabilty of gemi-
floxacin [30].

4. Conclusion

Based on the studies reviewed, it becomes difficult to 
limit treatment to daily dosing, especially during an 
era when individualized treatment using pharmaco-
genomics is being widely explored. The problem does 
not end with the frequency of dosing. In the case of 
males, there are factors such as limited data, differ-
ences in lean body weight, and factors affecting 
absorption of iron that also need to be considered. 
In order to thoroughly explore the issues outlined 
above concerning the treatment of iron deficiency 
anemia, randomized controlled trials are required to 
investigate the frequency of dosing, impact of vitamin 
C and proper counselling, and weight changes in 
male participants. Additionally, cohort studies should 
be conducted comparing males and females of similar 
age groups to determine the response to dosing regi-
mens by assessing iron absorption.
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