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Abstract: An increasing number of prevalent conditions in the adult population associated with absolute or/and functional iron 
deficiencies (ID) may predispose to iron deficiency anemia (IDA). Oral iron formulations, especially ferrous salts, are generally 
regarded as the first line therapies for adult-onset ID and IDA according to several current guidelines. However, they have been 
frequently associated with gastrointestinal side effects, and with a subsequent high treatment discontinuation. Iron protein 
succinylate (IPS) is an iron complex containing 5% of ferric iron engulfed in a succinylated casein shell that precipitates in acid 
pH and becomes soluble at neutral to alkaline pH, gradually releasing iron into the intestinal lumen, and, hence, overcoming the 
gastric and intestinal problems of the ferrous compounds, as well as improving intestinal iron absorption. Besides, IPS has 
shown to prevent the up regulation of the expression of hepcidin or to induce its expression at a smaller extent when 
compared with ferrous sulphate (FS). This narrative review addresses the efficacy and safety profiles of IPS for the treatment of 
ID and IDA in adult patients with a wide range of clinical conditions, such as preoperative and postoperative ID, elderly ID, 
Chronic Kidney Disease (CKD), Hypothyroidism, regular blood donors, and ID developed in young athletes. In conclusion, IPS 
compares favorably in efficacy and safety with other currently available oral iron preparations, showing a fast and steady 
improvement in hematologic parameters (that reflect a better iron absorption), and a lower incidence of adverse events. 
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1. Introduction 

Iron deficiency anemia (IDA) is the most common cause 
of anemia worldwide [1]. It is estimated that more than 2 
billion people worldwide are affected by iron deficiency (ID) 
[2], and it would contribute to 50% of all the diagnosed 
anemias [3]. The annual incidence rates of IDA range 
between 7.2 and 13.96 per 1000 person‐years, with the 
highest estimations in Spain and Germany, among the 
developed countries [4]. 

There is an increasing number of prevalent conditions, 
associated with an altered iron metabolism, that predispose to 
ID and IDA in adults, reflecting either an absolute or a 
functional iron deficiency, or even the coexistence of both: 1) 
Increased iron requirements, as it happens in specific 
populations, like young fertile women, because of their heavy 
menstrual blood losses, and during pregnancies; 2) Decrease 

intestinal iron absorption, that is the consequence of several 
surgery interventions 3) Chronic blood loss, in conditions like 
gastrointestinal benign and malignant lesions, drug intake 
(salicylates, corticosteroids, NSAIDs), heavy menses, 
hematuria, and regular blood donors; and 4) Multiple 
mechanisms (frequently associated with inflammation), such 
as chronic kidney disease (CKD), chronic heart failure (CHF), 
inflammatory bowel disease (IBD), elderly people, thyroid 
dysfunction, and endurance athletes due to the hemolysis, 
blood loss, and often mild associated inflammation, etc [5, 6]. 

Oral iron treatment 
Oral iron formulations are generally regarded as the first 

line treatment for ID and IDA conditions according to most 
guidelines [7]. However, the iron oxidation state in oral iron 
formulations seems to have a relevant role in the treatment 
efficacy and safety: several oral ferric compounds are 
associated with low bioavailability [8], while ferrous sulphate 
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(among other ferrous oral preparations) is related with a high 
incidence of gastrointestinal adverse events [9]. 

Recently, several articles have related higher hepcidin 
response to oral iron treatment with a lower efficiency in the 
treatment [10, 11]. Since hepcidin increases block iron 
absorption, authors have suggested that lower oral iron doses 
could be beneficial for the long-time treatment by achieving 
similar efficacy results than higher doses while reducing the 
amount of free iron in the gut –that could eventually induce 
gastrointestinal side-effects–. 

Iron protein succinylate 
Iron protein succinylate (IPS) is an iron complex 

containing 5% of iron in ferric form engulfed in a 
succinylated casein shell that has been used in the 
management of ID and IDA for over 30 years. This molecule 
has recently proved to be as effective as other ferrous iron 
therapies, such as ferrous sulphate, and to have a more 
favorable safety profile than these in gynecologic, pediatric 
and non-gynecological adult population [12]. 

Moreover, IPS has shown to either prevent the up regulation 
of the expression of hepcidin or to induce its expression at a 
smaller extent when compared with ferrous sulphate (FS) at 
the equivalent dosage of 200 mg for both drugs (figure 2). This 
finding supports the beneficial effect of IPS enhancing iron 
absorption by avoiding the up regulation of the serum levels of 
hepcidin associated with iron intake [13]. 

Objective 
This narrative review aims to address the efficacy and 

safety profiles of iron-protein succinylate (IPS) for the 
treatment of ID and IDA in adult patients with a wide range 
of clinical conditions (excluding gynecological and 
gastrointestinal etiology anemias, that are discussed in 
previous publications). 

2. Methods 

For the purpose of the present narrative review, seventeen 
studies have been selected and extracted from a previous 
literature search aimed at systematically reviewing the full 
evidence of IPS in diverse populations along 30 years (table 
4), and whose methodology and results have been already 
published [12]. 

3. Results 

IPS was investigated in 17 studies that enrolled adult 
patients with a wide range of medical conditions: six studies 
were conducted in adult general patients affected by IDA; 
one study in CKD anemic patients; one study in preoperative 
anemia due to menorrhagia, and three further trials in 
postoperative anemia; two studies in elderly population; one 
study in anemic patients due to hypothyroidism; one study in 
regular blood donors; and two studies in athletes with ID. 

3.1. General Adult Population 

Both absolute and functional iron deficiencies are quite 
prevalent in the adult general population setting, often 

preceding the development of IDA, and consequently 
impacting negatively on their physical capacity, work 
productivity, and cognitive function, importantly in older 
patients [14-16]. Other than the most frequently reported 
cause of IDA in adults, namely blood loss of gastrointestinal 
etiology, there are many pathologies and conditions associated 
with an imbalance between iron demand and supply in adults. 
Young menstruating women [17], blood donors [18-20], and 
endurance athletes [21-24] are regarded as healthy subjects at 
risk of developing IDA due to excessive and uncompensated 
blood losses and requirements. Additionally, many adult 
patients suffering from chronic diseases (like chronic kidney 
disease and chronic systolic heart failure) will develop ID as a 
result of combined multiple causes, such as decreased iron 
absorption, inflammation and increased blood loss [25-29]. 
Furthermore, elderly subjects comprise a very special adult 
subpopulation commonly affected by anemia of multifactorial 
etiology, that is associated with increased morbidity and 
mortality [5, 30, 31]. 

Most guidelines and expert reviews on the management of 
ID and IDA in a general adult setting recommend the early 
identification and individualized treatment of the underlying 
causes, and agree on the administration of iron 
supplementation to normalize hemoglobin concentrations and 
replenish iron stores, as well as to improve quality of life and 
reduce all related morbidity [2, 6, 7, 14, 15, 17, 32, 33]. Iron 
therapy should be administered immediately, either for ID or 
IDA, especially in symptomatic subjects, being oral iron the 
first therapeutic choice for most patients, according to 
Guidelines [7, 14, 15, 17, 32]. 

Results from several studies evaluating oral IPS for the 
treatment of ID and IDA associated to different conditions and 
pathologies in adult populations are discussed hereunder. 

Oral Iron Protein Succinylate (IPS) in General Adult 

Population with Sideropenic Anemia 

Two similar randomized studies compared IPS with 
extracted ferritin for the treatment of IDA in patients form 
several etiologies. In both studies the dose of administered 
oral iron was 80 mg/day, and the study follow-up was 30 days: 

In the study conducted by Danisi et al [34] in 31 adult 
patients (mean age: 58) with IDA secondary to pulmonary 
diseases, both groups yielded a significant improvement in all 
the hematological parameters (RBC count, Hb, and serum 
iron), at study completion versus baseline. However, ferritin 
was significantly increased only in the IPS study arm, 
reflecting a higher amount of stored iron. On the other hand, 
both drugs, IPS and extracted ferritin, demonstrated a 
considerable iron absorption (as tested with the combination 
of Hb iron and storage iron, with the Gordeuk formula) [35]. 

In the second study [36], 30 adult patients with IDA secondary 
to diverse etiologies (mean age: 68) were randomized to receive 
either IPS or extracted ferritin for an average treatment time of 
thirty days. Statistically significant differences in favor of IPS 
were observed in Hb, RBC, MVC, MCH, and MCHC. 
Furthermore, all the symptomatology due to IDA (Asthenia, Skin 
pallor, mucosa pallor, Fatigue) was improved in the IPS group, 
while only asthenia and fatigue showed improvements with 
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extracted ferritin. Both drugs’ tolerability was regarded excellent 
by study subjects. Therefore, IPS proved better clinical efficacy 
than extracted ferritin probably due to its better absorption, 
according to the study authors. 

The above results were confirmed in a third study likewise 
comparing 80 mg daily of IPS with extracted ferritin (dose 
equivalent to 80 mg daily) in 20 patients diagnosed with IDA 
of several etiologies for a follow-up of 30 days [37]. IPS 
achieved a significantly higher increase in Hb values than that 
obtained with ferritin. Absorption of IPS was deemed 
significantly higher with IPS than with extracted ferritin 
(p=0.004): 9.84% (±3.64) and 5.38% (±1.93) respectively. 

The absorption of iron from three different preparations 
containing either extracted ferritin (80 mg of Fe3+), ferrous 
sulphate (FS) (105 mg of Fe2+), or IPS (80 mg of Fe3+), was 
assessed in a further trial in adults diagnosed with IDA of 
different etiology, by means of a loading curve and the method 
proposed by Ekenved [38]. The study consisted of 2 periods: 

In the first part of the study, the kinetics of the respective 
three treatments’ absorption was evaluated in the same 10 
patients, after the random administration of a single dose of 
the three drugs under fasting conditions, each separated by a 
wash-out period of 4 days on average. Blood samples were 
extracted at 0.5, 1, 2, 3, 4, 5 and 6 hours on each day. Results 
showed a comparatively faster increase in SI concentration 
levels, and higher and more sustained IPS concentration levels 
along the whole assessment period [39]. 

The second part of the trial was performed in 30 outpatients 
with moderate IDA, randomized to receive either FS (105 mg 
of Fe2+), extracted ferritin (80 mg of Fe3+) or IPS (80 mg of 
Fe3+), for 28 days. The three preparations showed significant 
increases in the following hematologic parameters: Hb, serum 
iron, total iron binding capacity (TIBC), and transferrin 
saturation [39]. 

Percentual iron absorption from the three drugs was 
calculated based on the serum iron increase observed during 

treatment and yielded a slightly higher absorption result for 
IPS when compared to the other molecules: 6.125% for IPS, 
5.90% for FS, and 5.54% for extracted ferritin [39]. 

In another two months randomized single-blind study, 40 
adult patients of both sexes, with IDA secondary to diverse 
etiologies (mean age: 41) were assigned to IPS 80 mg (20 
patients) or iron gluconate complex (IGC) 125 mg (20 
patients). At two months, both drugs significantly increased 
the following parameters: Hct, Hb, serum iron, serum ferritin, 
RBC, and MCV. However, despite the lower dose used with 
IPS, changes in some laboratory parameters (serum iron, 
serum ferritin, TIBC and MCV) were observed earlier with 
IPS. Furthermore, greater improvements in favor of IPS were 
observed in the following variables: Hb, Hct, serum ferritin 
and reticulocyte count [40]. 

Differences in tolerability between the two study arms were 
observed: while only 2 IPS-treated patients informed of mild and 
transient adverse events, 10 of the 20 patients in the IGC group 
reported side effects, with one patient requiring treatment and 
two further patients discontinuing the study drug due to severe 
adverse events, namely nausea, vomiting and heartburn [40]. 

Another study performed in general adult population 
suffering from IDA of diverse etiologies compared IPS at two 
different daily dosages (80 mg and 120 mg) with extended 
release (ER) iron sulphate (105 mg). Fifty-four patients (mean 
age, 57) were followed-up for 60 days. At study completion, 
Hb increased 45%, 34% and 29% in the IPS 120 mg, the IPS 
80 mg, and the ER FS groups, respectively (Figure 1); 
however, no statistical significance between-groups was 
observed. Additionally, IPS at both tested doses showed a 
significantly better tolerability profile than ER iron sulphate, 
with significantly fewer reported adverse events (p<0.001). Of 
note, four patients in the ER FS group discontinued the study 
because of tolerability complaints, while no patients in both 
IPS groups did so, due to safety reasons [41]. 

 

Figure 1. Haemoglobin (Mean + SD., g/dl) variations and increases (%) from baseline in adults with IDA (adapted from Pogliani, 1990). 

*40 days / 60 days vs baseline: p<0.01 
Between treatments: non-significant 
IPS: Iron Protein Succinylate (80mg: n=22; 120mg: n=19) 
ER FeSO4: Ferogradumet (n=13) 
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Finally, the above shown efficacy and tolerability results 

were confirmed in a large randomized, double-blind, 
double-dummy, two-month multicenter clinical trial, that 
compared 120mg Fe3+/day IPS with 105mg Fe3+/day of 
extended release ferrous sulphate (ER FS) in a sample of 
1,095 patients, with either ID or IDA, representative of the 
adult general anemic population [42]. After the study 
completion, at 60 days, values of Hb, Hct, ferritin, and total 
body iron (Hb iron and storage iron) were greater in the IPS 
group, denoting a more progressive and steady therapeutic 
effect. In addition, at study end there was a significant clinical 
improvement in the IPS group versus the ER FS group, in 
some IDA symptoms like asthenia, fatigue, and skin and 
mucosal paleness. 

Regarding general tolerability, IPS treated patients reported 
a smaller number of adverse events (AEs), with a significantly 
shorter duration, and with a later onset. Furthermore, GI side 
effects were more frequently reported in the ER FS study arm 
[42]. 

3.2. Chronic Kidney Disease 

Iron deficiency (ID) is a leading cause of anemia in chronic 
kidney disease (CKD) patients. ID may be due to an absolute 
(reduced iron stores) or functional (inefficient use of iron 
stores) iron deficiency [14]. 

The main international Guidelines (KDIGO, and NICE) 
recommend starting with oral iron treatment to correct the ID 
in non-dialysis-dependent CKD (NDD-CKD) patients (stages 
1-5), as long as they are not on erythropoiesis-stimulating 
agents (ESA) therapy, they tolerate oral iron, and reach Hb 
targets within 3 months [43, 44]. 

Oral iron Protein Succinylate (IPS) in ID or IDA Patients 

with Chronic Kidney Disease 

A randomized, double-blind, placebo-controlled, 
two-month clinical trial was conducted to evaluate the 
biological safety and subjective tolerability (with a special 
focus on GI Symptoms) of IPS (120 mg/day) in 30 patients 
with either ND-CKD (n=14) or CKD on hemodialysis (n=16) 
who had developed ID [45]. Secondarily, hematological 
parameters were monitored to assess the clinical efficacy of 
the study drugs. Fourteen patients were randomly assigned to 
IPS and sixteen to placebo. 

At 30 days, most of the hematologic parameters 
significantly improved in the IPS arm compared to the 
placebo treated patients, in both the non-dialysis and 
hemodialysis groups. Hb concentrations steadily raised, 
while slightly decreased in the placebo-treated groups. 
Interestingly, there were differences observed between both 
groups (dialyzed versus non-dialyzed) in the final values of 
some parameters, like MCH, MCHC, TIBC, and serum iron 
concentration, although, according to the publication authors, 
these findings might not translate into a clinical significance. 

According to the overall evaluation of the authors, the 
tolerability profile of the two treatments under study (IPS and 
placebo) was comparable. 

In conclusion, data from this study suggested that IPS 

could be a safe and efficacious alternative treatment for 
anemia in CKD patients. 

3.3. Preoperative Anemia Management 

Preoperative IDA affects to approximately 40% of patients 
undergoing major surgery and it is regarded as an independent 
risk factor for perioperative blood transfusion, morbidity, and 
mortality. Preoperative IDA has an absolute or functional origin 
[26, 46]. Guidelines on preoperative management of anemic 
patients recommend iron therapy for surgical patients before and 
after surgery [47]. Oral iron preparations are still considered 
first-line treatment, as they are effective, safe, and cheap [48]. 

Oral Iron Protein Succinylate (IPS) in Preoperative ID or 

IDA Management 

Preoperative management of anemia was studied with IPS in 
a very short study: seventy-six IDA patients with menorrhagia 
were allocated to intravenous (i.v.) iron sucrose (n=39) or 80 
mg daily of oral IPS (n=37), 3 weeks before a surgical 
intervention, in an open-label randomized trial which objective 
was to evaluate the efficacy and safety of both treatments in the 
correction of the preoperative anemia due to menorrhagia [49]. 
At study completion, although IPS achieved improvements in 
the studied hematological parameters, the i.v. group showed 
statistically higher increases in Hb, serum ferritin and MCV 
than the oral group. Tolerability for iron sucrose and IPS was 
reported as good by both group patients. 

It must be said that, despite a faster correction of the 
hematologic parameters might be expected with the i.v. 
treatment, a premature cessation of the oral iron arm, with a 
subsequent reduction in surgical procedures, and the short 
study duration (3 weeks) have been regarded as important 
methodologic limitations and sources of bias by the study 
authors [49]. 

3.4. Postoperative Anemia Management 

A recently published consensus statement on the 
management of postoperative anemia after major surgical 
procedures has addressed the epidemiology, pathophysiology, 
diagnosis, and management of anemia and iron deficiency in 
the postsurgical period [50]. This consensus document states 
that “Iron supplementation should be considered in patients 
with iron deficiency or significant reduction in postoperative 
hemoglobin, starting early in the postoperative recovery phase 
where there are no major complications”. Notwithstanding, 
according to the panel of experts, oral iron supplements should 
be well absorbed and tolerated, with few gastrointestinal 
side-effects, and ideally their intestinal absorption should not be 
inhibited by the increased hepcidin synthesis and release 
stimulated by the inflammatory response [50]. 

Oral iron Protein Succinylate (IPS) in Postoperative ID or 

IDA Management 

IPS has shown to be effective and safe in correcting the IDA 
following surgical interventions. Three publications assessed 
the efficacy and safety profiles of IPS in adult subjects who 
developed IDA following surgery interventions: 



175 Antonio Martinez-Frances:  Efficacy and Tolerability of Oral Iron Protein Succinylate in the Treatment of  
Iron Deficiency Anemia in Adults with Diverse Pathologies 

A randomized single-blind clinical trial compared the efficacy 
and safety of 80 mg of Fe3+/day of IPS and 125 mg of Fe3+/day 
of iron gluconate for one month in 30 patients with ID due to GI 
pathology following medical or surgical intervention for treating 
the anemia cause. IPS proved to be more efficacious in 
ameliorating the clinical symptoms –even though it was 
administered at a lower dose of iron treatment–. No adverse 
events were reported in neither of the two study groups [51]. 

A second study prospectively assessed 18 patients who 
underwent different types of surgical interventions that caused 
IDA, from a cohort of 80 patients. Following 30 days of 
treatment with IPS (80 mg of iron per day), while all the 
evaluated hematological parameter significantly improved, the 
increases in serum ferritin and serum iron concentrations were 
notably marked, which reflects the good iron absorption profile 
of IPS. Treatment tolerability was optimal, with only 7.5% of 
the entire study population reporting adverse events [52]. 

Lastly, a third study randomized 40 patients suffering from 
post-surgical iron deficiency to 40 mg of Fe3+ daily of either 
IPS or a control group, consisting of an iron protein derived 
from saccharomyces cerevisiae cultures in the presence of iron, 
and they were followed-up for 30 days. At study completion, 
both groups improved all the hematological parameters, and the 
reported tolerability was good for all the study patients [53]. 

Overall, it can be said that the efficacy and tolerability 
profiles of IPS are as good as or even better than the 
comparative controls in the population of patients who 
underwent surgery. 

3.5. Elderly 

Iron deficiency (ID) and iron deficiency anemia (IDA) are 
relatively common in older people, being highly prevalent in 
people of 65 years and older, and accounting for around 30% 
of all the diagnosed anemias in the elderly in Western 
countries [54, 55]. Anemia in this population is associated 
with fatigue, functional capacity and cognitive impairments, 
increased hospitalization, and mortality [5, 31, 46]. 

The underlying etiology of IDA in the elderly seems to be 
multifactorial, encompassing an inadequate dietary intake, an 
impaired absorption, a delayed gastric emptying, and an 
excessive iron loss of different causes. Either functional or 
absolute IDA is quite frequent in older people [5, 56, 57]. 

Guidelines on the diagnosis and treatment of ID and IDA 
recommend oral iron supplementation as the first line 
treatment in adults, including elderly patients, unless the oral 
therapy is either unsuccessful or the patient cannot tolerate it 
[7]. Nevertheless, there is scarce evidence supporting the most 
convenient pharmacological approach to treat ID and IDA in 
the elderly population, and a lack of response to treatment in 
older adults has not been defined yet [5]. 

Oral iron Protein Succinylate (IPS) in ID or IDA Elderly 

Patients 

A single-cohort prospective study was carried out to 
evaluate the effect of IPS (80 mg daily) on hematological 
parameters (including serum iron, RBC count, Hb, Hct, MCV, 
MCH. MCHC, TIBC, serum ferritin and TSAT) and on 
symptomatology in a population of 81 institutionalized elderly 

patients with iron deficiency, for a treatment period ranging 
between 3 and 6 months, and a subsequent follow-up period 
up to 12 months. The study results were contrasted with a 
matching control group of healthy subjects (n=81). Clinical 
and hematologic parameters significantly improved versus 
baseline values in the study group, whereas an opposite trend 
was observed in the control group. In addition, the good safety 
and tolerability profile of IPS in this elderly population was 
confirmed by the low adverse events rate reported and by the 
patients and investigators assessments [58]. 

Similar results in an elderly subpopulation of 20 patients 
with IDA treated with IPS for three months had been 
previously reported [52]. 

Furthermore, the above commented findings were later 
confirmed in a large randomized 2-month clinical trial, with a 
subpopulation of elderly patients (age > 65 years) with either ID 
or IDA, in which 73 patients treated with 120 mg daily of IPS 
compared with 62 treated with 105 mg daily of extended release 
(ER) FS. [42]. As previously commented, earlier and statistically 
significant improvements were observed in the IPS treated 
subgroup compared with the ER FS treated subpopulation in the 
following hematologic parameters: Hb, Hct, ferritin and MCHC. 
As the authors point out, these findings presumably indicate a 
greater and faster increase in Hb iron, storage iron and total iron 
in the IPS treated patients’ sample. Moreover, the reported 
general tolerability was significantly more favorable with IPS in 
terms of a smaller number of adverse events, later onset times, 
and shorter adverse event durations. Of note, in this elderly 
subgroup the efficacy and the tolerability of the tested 
medications resulted fully comparable to those observed in the 
other patients’ subpopulations. 

3.6. Hypothyroidism 

Anemia and ID are frequently associated with thyroid 
dysfunction, particularly hypothyroidism. The etiopathogenesis 
of anemia in hypothyroidism seems to be multifactorial, and 
related to several conditions, such as decreased erythropoietin 
production, nutrient deficiency (including iron), and depressed 
bone marrow stimulation [59-61]. 

Oral iron Protein Succinylate (IPS) in ID or IDA Patients 

with Hypothyroidism 

A randomized clinical trial assessed IPS and LT4 in the 
treatment of manifested sideropenic anemia (MSA) and 
thyroid dysfunction associated to SH [62]. 

The study was carried out in 33 adult women diagnosed 
with SH and MSA who were randomly assigned to three 
groups of 11 patients each (LT4 alone; 80 mg daily of IPS 
alone; or 80 mg daily of IPS + LT4), and were followed-up for 
12 weeks. 

At study completion, the group that received the 
combination of both LT4 and IPS achieved statistically 
significant better results when compared to the group that 
received LT4 alone (Table 1). Furthermore, this group 
recorded the greatest alleviation of symptoms like fatigue, 
dizziness, and general performance impairment, compared to 
the other groups. 
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Table 1. Comparisons of serum concentrations of hemoglobin (Hb) and 

hematocrit (Ht), in 33 women with subclinical hypothyroidism and manifest 

sideropenic anemia (adapted from Duntas, 2000). 

Parameters Group I Group II Group III 

Before Treatment    
Hb (nr: 12-16 g/dl) 11.4±1.1 11±0.8 11.2±1 
Hct (nr: 37%-47%) 35.8±2.8 35.5±3.1 35.7±2.8 
After Treatment    
Hb (nr: 12-16 g/dl) 11.9±1.1 12.7±1.2 13.1±1.5* 
Hct (nr: 37%-47%) 36.7±3.1 37.8±3.5 38.3±3.9 

Patients were randomized into three groups of 11 patients each. Group I, 
received LT4-100 µg daily. Group II received I-PSL 80 mg Fe+++, and Group 
III received I-PSL 80 mg Fe+++ and LT4-100 µg daily. Nr=normal range. Hb: 
Hemoglobin; Hct: Hematocrit. 
*p<0.05 compared to Group I. 

These results suggest a synergistic effect of iron 
supplementation and LT4 treatment. In addition, the three 
groups reported a good tolerability profile, since none of the 
study patients claimed any side effects [62]. 

3.7. Regular Blood Donors 

Iron deficiency is highly prevalent among blood donors 
[63], with up to 65% of regular donors being iron deficient. 
Unfortunately, this population with a higher risk of induced ID 
has been rather frequently ignored [19]. Moreover, ID in blood 
donors has been associated with a series of complications, 
such as fatigue, decreased physical capacity, restless legs 
syndrome, pica, and several cognitive and psychological 

functions impairment [20]. 
Many studies have assessed the effect of iron 

supplementation in improving iron status in blood donors with 
ID. Daily Iron supplements with ferrous salts have shown to 
reduce the risk of iron deficiency in frequent blood donors and 
to recover hemoglobin and iron stores from blood donation 
[18, 19]. However, this effect may take weeks to months, and 
treatment adherence may be reduced due to the frequent GI 
side effects associated to the ferrous salts intake [19, 64]. 

Oral iron Protein Succinylate (IPS) in ID or IDA Blood 

Donors 

IPS (80 mg daily) was compared in a randomized controlled 
trial with 105 daily mg of ferrous sulphate (FS) for the treatment 
of ID in a sample of 40 blood donors with low levels of stored 
iron, in a 30-day period of time [65]. Some hematologic 
parameters were evaluated. In addition, Iron absorption was 
calculated by means of the Gordeuk equation [35], and the safety 
profile and tolerability of both drugs were assessed. 

At study end, a greater iron absorption was induced with 
IPS (18,7%) compared with FS (6.4%). Unlike FS, IPS 
significantly increased the serum iron concentration and 
hematocrit along with the amount of stored iron, evaluated as 
serum ferritin, at the end of the study (Table 2). On the other 
hand, both study groups reported good tolerability results. 

In conclusion, IPS showed in this trial an overall better 
clinical profile compared with FS in the treatment of ID in the 
blood donor population. 

Table 2. The effect of iron protein succinylate on the hematological parameters measured. Values shown are means±SD (n=40) (adapted from Landucci, 1987). 

Parameters Baseline End of treatment (30 days) P value* 

Red blood cell count /RBC) (x10-3/mm3)    
IPS (80mg/day) 4349±274 4404±201 0.18 
FeSO4 (105mg/day) 4358±432 4347±268 0.84 
Hemoglobin (g/100 ml)    
IPS (80mg/day) 13.10±0.77 13.26±0.59 0.17 
FeSO4 (105mg/day) 13.33±1.22 13.37±0.85 0.79 
Hematocrit (%)    
IPS (80mg/day) 39.4±2.3 40.5±1.5 0.012 
FeSO4 (105mg/day) 40.2±3.3 40.5±2.4 0.45 
Mean corpuscular volume (µm3/cell)    
IPS (80mg/day) 91.3±4.8 92.6±3.7 0.055 
FeSO4 (105mg/day) 92.3±4.3 93.6±3.0 0.057 
Mean corpuscular hemoglobin (pg/RBC)    
IPS (80mg/day) 30.20±1.6 30.15±1.5 0.85 
FeSO4 (105mg/day) 30.49±1.7 30.81±1.4 0.15 
Mean corpuscular hemoglobin concentration (g/ml)    
IPS (80mg/day) 33.04±0.58 32.59±1.05 0.088 
FeSO4 (105mg/day) 33.01±0.85 32.83±1.04 0.45 
Serum iron (µg/100 ml)    
IPS (80mg/day) 58.50±24.0 81.15±24.6 <0.001 
FeSO4 (105mg/day) 66.50±27.6 75.60±28.3 0.17 
Serum transferrin (mg/100ml)    
IPS (80mg/day) 359.2±48.1 347.0±44.6 0.11 
FeSO4 (105mg/day) 349.0±37.5 352.7±47.5 0.59 
Serum ferritin (ng/ml)    
IPS (80mg/day) 22.15±14.4 47.30±27.4 <0.001 
FeSO4 (105mg/day) 26.35±23.5 41.85±30.4 0.006 

* Using a paired Student t-test; P values statistically significant if <0.05. 
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3.8. Athletes 

Athlete populations, especially females (due to the 
increased iron demand to account for menses) and endurance 
athletes, are commonly diagnosed with iron deficiency. 
Athletes, suffering of ID, usually complain of fatigue, 
drowsiness, and mood changes. In cases of severe ID, the 
athlete’s work capacity may be also compromised. In the end, 
all these symptoms have a negative impact on the athlete’s 
ability to compete [24]. Therefore, maintaining a positive iron 
balance is critical for athletes to avoid the undesirable effects 
of ID and IDA [21, 22]. 

Iron supplementation is recommended when ID and IDA 
are suspected. Both oral iron supplementation and intravenous 
(i.v.) injections are effective treatments for IDA. It has been 
shown that iron supplementation increases serum ferritin in 
athletes [66]; while a recent meta-analysis has confirmed that 
iron treatments are effective for improving iron status and the 
aerobic capacity of iron [66]. 

The oral route for administering iron supplementations is 
the preferred and the most commonly recommended one, 
except for severe IDA cases, or where there is a time-critical 
need; for those subjects, iron injections may be more 
appropriate [22]. 

Oral iron Protein Succinylate (IPS) in ID or IDA Athletes 

Two studies evaluated the effect of IPS in athletes: 
The first one was conducted in a group of young female 

athletes who were treated with 40 to 80 mg daily of IPS for 2 
months and was compared with a control group of non-athlete 

women of the same age, also treated with the same range of 
doses of IPS and for the same period of time [67]. At baseline 
the RBC count, Hb, and serum iron were significantly lower in 
the athletes’ group. Conversely, females from the control 
group presented normal levels hematologic parameters. 

After two months of IPS treatment, the athletes’ group 
significantly improved Hb and serum iron versus baseline, 
with levels of both parameters within the physiological range. 
RBC count did not improve at study completion in neither of 
the study groups, since baseline levels were regarded as 
normal values (Table 3) [67]. 

A second study, performed in elite male cyclists, evaluated 
the effect of 80 mg/day of oral iron supplementation on the 
hematological profile; muscle damage intracellular enzymes 
(CK, LDH, Mb) and cortisol levels were also evaluated. The 
study was conducted for 4 weeks during the Spanish big 
Cycling Tour: Vuelta Ciclista a España [68]. 

Results from this study confirmed that an oral 
supplementation with 80 mg/day of IPS was enough to 
prevent a decline in hematological parameters (ferritin, Hb 
and Hct) and to reduce the accumulated stress in response to 
exercise intensity (as measured with serum cortisol levels) in 
elite sportsmen. Additionally, it was observed that 
hematological parameters were associated with muscle 
damage biomarkers [68]. 

In conclusion, IPS is an effective treatment for improving 
the iron status and for maintaining optimal levels of recovery 
in elite sportsmen. 

Table 3. Differences in the hematological parameters between the control group and the group of sportswomen in the three analyses (adapted from Trojachanec). 

Test 
Erythrocytes (1x109/l) Haemoglobin (g/dl) Se Fe (mmol/l) 

Control group Sports women p Control group Sports women p Control group Sports women p 

Baseline (I) 4.6±0.23 4.3±0.11 p<0.05 12.04±1.7 10.98±2.1 n.s. 12.47±0.4 9.52±0.2 p<0.05 
One month (II) 4.58±0.30 4.45±0.26 n.s. 11.86±2.2 12.40±1.8 n.s. 12.34±0.5 13.04±0.4 p<0.05 
Two months (III) 4.54±0.17 4.40±0.27 n.s. 13.64±2.1 12.36±2.0 n.s. 12.27±0.8 14.09±0.7 p<0.05 
s.s I /II n.s. p<0.05  n.s. p<0.05  n.s. p<0.05  
s.s I /III n.s. n.s.  p<0.05 p<0.05  n.s. p<0.05  
s.s II /III n.s. n.s.  p<0.05 n.s.  n.s. p<0.05  

Se Fe: Serum Ferritin 

4. Discussion 

Iron deficiency, with or without anemia, and whether due 
to impaired iron absorption, abnormal iron losses, or 
increased iron request, is a highly prevalent consequence of 
multiple adult pathological conditions in developed countries 
[1, 14, 15]. 

Oral iron therapies, especially ferrous salts, because of 
their theoretically better absorption and higher bioavailability 
compared with ferric iron salts, remain the gold standard [6, 
14] and are still considered the first-line approach for treating 
adult onset IDA by most of the international guidelines [7]. 
However, oral ferrous salts, like ferrous sulphate (FS), have 
been frequently associated with GI side effects, and in 
consequence that has been the reason for the observed high 
treatment discontinuation [9]. Moreover, some oral ferrous 

supplements can even exacerbate GI symptoms in patients 
with pre-existing GI inflammation [69, 70]. In addition, FS 
has been found to induce hepcidin levels increase, thus 
limiting iron absorption [10]. 

Iron protein succinylate (IPS), an iron complex containing 
ferric iron engulfed in an electronegative protein carrier (a 
succinylated casein shell), that precipitates in an acid pH 
environment and becomes soluble at neutral to alkaline pH 
levels, was precisely developed to overcome the gastric and 
intestinal problems of the ferrous compounds, as well as the 
low iron absorption of the ferric iron preparations [71, 72]. 
IPS, by keeping iron bonded to its protein contents at low pH 
values, and by gradually releasing iron into the intestinal 
lumen, has demonstrated to protect the gastrointestinal 
mucosa from eventual damage, as well as ensuring an 
optimal and improved intestinal iron absorption [73, 74]. 
Besides, in a basic research study under publication, IPS kept 
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hepcidin levels similar to baseline values after three days of 
treatment, while FS increased them, confirming the neutral 
effect of IPS on serum hepcidin levels, unlike FS (Figure 2). 

The present narrative review has been focused on the 
action of IPS on ID and IDA in several adult pathological 
conditions, except for gastrointestinal diseases and pregnant 
women, that have been the objective of two other narrative 
reviews published elsewhere. 

In all the included clinical trials adult patients with ID or 
IDA from different causes were enrolled, IPS, compared with 
the standard iron therapies, seemed to induce a fast and 
steady normalization of hematologic parameters (specially, 
Hb, ferritin and serum iron concentration), indicating an 
optimal pharmacological effect on both iron absorption and 
iron stores replenishment. Furthermore, a consistent and 
parallel IDA clinical symptomatology improvement was 
observed across all the reviewed trials performed in general 
adult populations [37, 39-42, 74, 75]. 

IPS was tested in a sample of patients with chronic kidney 
disease with different renal insufficiency stages (either 
non-dialysis or hemodialysis). At study end, Hb and serum 
iron concentration had significantly improved in the IPS 
treated group of patients, confirming that IPS is an effective 
treatment for patients with chronic inflammatory diseases 
who have developed ID or IDA, and iron absorption was not 
impaired in those patients [45]. Although it is known that 
increased serum hepcidin concentrations in chronic 
inflammatory conditions may induce functional 
iron-deficiency anemia [25, 26, 76], and hepcidin levels were 
not assessed in this trial, we might expect a neutral effect of 
IPS on hepcidin in chronic conditions, unlike the ferrous salts, 
according to the results observed in the above-mentioned 
preclinical study (figure 1). Furthermore, according to the 
current Guidelines recommendations, IPS might show clear 
efficacy and safety advantages for the CKD not on dialysis 
population, compared with other available oral iron 
treatments. 

Interestingly, a further clinical trial evaluating the effect of 
IPS in IDA from other chronic inflammatory disease, chronic 
heart failure, is currently being conducted 
(https://www.clinicaltrials.gov/ct2/show/NCT03344523). 

IPS has been investigated in clinical trials evaluating its 
effect on both preoperative and postoperative anemia. In the 
study carried out in anemic patients due to menorrhagia who 
underwent surgical treatment, IPS significantly improved 
hematologic parameters although at a lesser extent than with 
the comparator, intravenous iron sucrose [49]. However, the 
paper authors acknowledged some study limitations, such as 
the premature cessation of the oral iron treatment, and the 
excessively short study follow-up period (3 weeks), that 
might have been insufficient to properly evaluate the oral 
iron treatment effect in this population. Of note, the authors 
highlighted the good safety profile of both treatments [49]. 

IPS has been further evaluated as a therapeutic option for 
postoperative anemia [51-53]. Improvement in IDA 
symptomatology and a normalization of all the hematologic 
parameters were observed with IPS in the three clinical trials. 

Significant increases in serum ferritin and serum iron 
concentrations clearly indicate a good iron absorption profile 
of IPS, in accordance with those results obtained in other 
studies. IPS responds to the required characteristics that 
would define an ideal oral iron therapy for treating 
postoperative anemia, according to the International 
Consensus Statement on the management of postoperative 
anemia after major surgical procedures [50]: good intestinal 
absorption despite the high serum hepcidin levels caused by 
the inflammatory reaction, optimal tolerability profile 
(especially with a low incidence of GI side-effects), and 
potentially good treatment adherence. 

Due to its multifactorial etiology and its associated 
morbidity, IDA treatment in the elderly population may 
become a rather challenging task. Even if Guidelines and 
experts recommend starting with oral iron therapy, a scarce 
iron absorption along with an increase in related adverse 
events can negatively impact on the treatment outcomes [5, 7, 
14, 30, 77]. IPS has been shown to be safe and effective in 
the elderly population from the two long-term clinical trials 
reviewed in this publication [42, 58]. Both clinical and 
hematologic parameters significantly improved in an early 
and sustained fashion along the two study follow-up periods. 
Interestingly, significant differences in hematologic 
parameters, like Hb and serum ferritin, were observed in the 
IPS group versus the FS group, in the Liguori clinical trial, 
presumably reflecting a better iron absorption and greater 
iron storage [42]. These findings are relevant because 
traditionally ferrous compounds have been regarded to have a 
better iron absorption than the ferric salts. 

Moreover, study subjects’ drop-out rates were very low, 
which could be mainly due to its higher tolerability profile 
and to the IPS liquid formulation that presents a clear 
administration advantage in terms of compliance for the 
elderly population (allowing an easier drug titration if needed, 
easier intake for patients with swallowing problems and its 
easily differentiable from other drugs in multi-medicated 
patients) among other possible reasons. 

The study performed in a sample of ID blood donors 
comparing IPS with FS showed likewise a significant 
superior increase of hematologic parameters that indicate a 
higher iron absorption, like Hb and serum ferritin [65]. These 
results are consistent with findings in studies conducted with 
IPS in different adult populations suffering from ID and IDA. 
Of note, hematologic parameters normalization was achieved 
quite fast with IPS, while this effect may take much longer 
with ferrous salts [19, 64]. 

Two studies assessed the effect of IPS in athletes, 
confirming that a dose of 80 mg daily of IPS can be useful to 
either prevent a decline in hematologic parameters, along 
with a reduction in accumulated stress in response to exercise 
intensity (as measured by serum cortisol) or to successfully 
treat ID, increasing and normalizing hematologic parameters, 
in a relative short time [67, 68]. 

Overall, IPS showed very good safety and tolerability 
profiles in all the studies conducted in adults with ID and 
IDA, that evaluated the study treatment tolerability (70% of 
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the included studies). Variations in the incidence of adverse 
events favoring IPS were observed in three studies 
comparing IPS with ferrous salts [40-42]; while, in the 
largest study conducted with IPS in a general adult 
population, a better tolerability profile was observed with IPS 
versus FS, with a significantly lower number of reported 
adverse events, as well as a shorter duration and later onset 
[42]. These results endorse the lack of GI mucosal damage 
with the use of IPS, as it has been previously hypothesized in 
preclinical studies [71, 72], results that were later confirmed 
in a meta-analysis [78] and in a recently published systematic 
review [12]. 

Altogether, IPS, with an evidence based clinical efficacy 
comparable to the gold standard, its lack of serum hepcidin 
increase induction, and an improved safety and tolerability 
profile, that might enhance treatment adherence, should be 
specially regarded as an utmost convenient drug to treat IDA 

patients with coexistence of multiple aetiologic factors. 
Some methodologic limitations regarding the included 

studies in this review must be acknowledged. Most of the 
studies were conducted for a short period of time with a 
limited follow-up time, and this may have influenced the 
study outcomes, for instance, not reaching the statistical 
significance in some cases. However, a constant trend was 
frequently reported. In addition, study objectives differ 
among the studies. It must be mentioned that 30% of the 
selected trials did not reported any tolerability and safety data. 
A further limitation are the different study populations, that 
make the review difficult to draw conclusions. However, the 
great consistency in the efficacy (both clinical and 
hematologic) and tolerability results supports the validity of 
all the observations that have been commented in this 
narrative review. 

 

Figure 2. Serum hepcidin / Baseline serum hepcidin ratio following treatment with 200 mg of IPS or FeSO4 compared to two control groups without iron 

treatment (anemic and non-anemic). 

Serum hepcidin levels after 3 days of supplementation compared to baseline levels (a mean ratio of 1 means that the level is the same as at baseline). IPS group 
maintains hepcidin levels at a similar range to baseline levels after 3 days of iron supplementation, while ferrous sulphate increases hepcidin levels to around 
twice the baseline levels after 3 days of supplementation. 
* p<0.05, as compared to control group by a Kruskal-Wallis with Dunnett’s multiple comparison test. 
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Table 4. Studies with oral IPS in iron deficiency associated to diverse conditions in adults. 

Study Design Treatments Duration Population Objectives Efficacy Results Safety Results 

Ambrosini 

Randomized, 
controlled, 
single-blind 
clinical trial 

A- IPS 80 mg 
Fe3+ daily 
B- IG 125 mg 
Fe3+ daily 

30 days 

30 patients with 
ID due to GI 
conditions, 
corrected with 
surgery or 
drugs: 15, IPS; 
15, FG 

1) Hematologic 
parameters 
2) Clinical 
symptomatology 
due to ID 
3) Tolerability 

1) Both groups significantly increased 
the following parameters, after 1-month 
treatment: Hb, SI, HCT, MCV, MCH, 
MCHC. Results were more marked 
with IPS 
2) Clinical symptomatology (asthenia, 
fatigue, and cutaneous-mucous 
paleness) improved in both groups, 
although more markedly with IPS 

3) No adverse 
events were 
reported 

Cordova 

Randomized, 
controlled, 
double-blind 
clinical trial 

A- IPS 80 mg 
Fe3+ daily 
B- Placebo 

28 days 
(3-week 
stage 
race) 

18 healthy 
professional 
male cyclists: 9, 
IPS; 9, placebo. 

1) Hematologic 
parameters 
2) Serum 
cortisol & 
biochemical 
muscle 
biomarkers 

1) Hematologic parameters (Hb, HCT, 
SI, and SF) values were preserved in the 
IPS treated group. Significant 
differences (p<0.05) between IPS and 
placebo groups were observed. 
2) The hematologic values in IPS group 
were shown to have a positive 
relationship with muscular recovery 
parameters and a negative correlation 
with cortisol levels (indicating a lower 
level of effort-induced stress). 

Not reported 

Cogo 
Randomized, 
single-blind 
clinical trial 

A- IPS 80 mg 
Fe3+ daily 
B- EF (eq. 80 
mg Fe3+) daily 

30 days 

30 adult 
patients of both 
sexes, with IDA 
secondary to 
several 
pathologies 
(mean age: 68): 
15, IPS; 15, EF 

1) Hematologic 
parameters 
2) Clinical 
symptomatology 
due to ID 
3) Tolerability 

1) Both groups significantly increased 
the following parameters, after 1-month 
treatment: Hb, SI, HCT, MCV, MCH, 
MCHC and RBC. Statistically 
significant differences in favour of IPS 
were observed in Hb, RBC, MCV, 
MCH, and MCHC. 
2) Clinical symptomatology (asthenia, 
skin pallor, mucosa pallor, fatigue) was 
improved in the IPS group, while only 
asthenia and fatigue showed 
improvements with EF. 

3) Few and mild 
adverse events were 
reported in both 
groups. Both drugs’ 
tolerability was 
regarded excellent 
by study subjects. 

Danisi 
Randomized 
open-label clinical 
trial 

A- IPS 80 mg 
Fe3+ daily 
B- EF (eq. 80 
mg Fe3+) daily 

30 days 

31 adult 
patients of both 
sexes, with IDA 
secondary to 
pulmonary 
diseases (mean 
age: 58): 16, 
IPS; 15, EF 

1) Hematologic 
parameters 
2) Iron 
absorption 
(Gordeuk 
formula) 

1) Both treatments improved 
hematologic parameters (RBC, Hb, and 
SI); but only IPS achieved a statistically 
significant increase in the iron reserves 
(SF). 
2) Both drugs demonstrated a 
considerable iron absorption (Gordeuk 
formula). 

Not reported 

Di Giacomo 
Randomized 
open-label clinical 
trial 

A- IPS 80 mg 
Fe3+ daily 
B- EF (eq. 80 
mg Fe3+) daily 
C- FS 105 mg 
Fe2+ daily 

Two 
periods: 
1.- PK 
study of 6 
hs on 3 
different 
days. 
2.- 28 
days 
(efficacy). 

-10 adult 
patients with 
IDA (1st 
period): all 
treated with the 
three drugs. 
-30 outpatients 
with IDA (2nd 
period): 10, 
IPS; 10, EF; 10, 
FS. 

1) Serum Iron 
concentrations at 
7 time points 
(assessed in a 
loading curve 
following the 
drug 
administration). 
2) Hematologic 
parameters. 
3) Iron absorption 
(estimation based 
on the SI increase 
observed during 
treatment). 

1) Faster initial increase in SI 
concentration levels with FS, but IPS 
achieved higher and more sustained 
iron concentration levels along the 
whole PK assessment period (6 hours). 
2) The three preparations showed 
significant increases in the following 
hematologic parameters: Hb, SI, TIBC, 
and TSAT. 
3) IPS achieved a numerically higher 
percentage of iron absorbed (6.1%) than 
FS (5.9%) and EF (5.5%). 

Not reported 

Di Somma 
Randomized 
single-blind 
clinical trial 

A- IPS 80 mg 
Fe3+ daily 
B- EF (eq. 80 
mg Fe3+) daily 

30 days 

20 adult 
patients of both 
sexes, with 
several 
pathologies 
(mean age: 40): 
10 IPS; 10 EF 

1) Hematologic 
parameters 
2) Iron 
absorption 
(Gordeuk 
formula) 
3) Tolerability 

1) All the hematologic parameters (Hb, 
HCT, RBC, SI, MCV, MCHC, SF) 
improved with IPS, except transferrin. 
All the hematologic parameters 
improved with EF, except transferrin 
and HCT. 
Hb was significantly more improved 
with IPS. 
2) Iron absorption was estimated to be 
significantly higher with IPS (9.84%) 
than with EF (5.38%). 

3) Tolerability was 
very good in both 
treatment groups. 
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Study Design Treatments Duration Population Objectives Efficacy Results Safety Results 

Duntas 
Randomized 
single-blind 
clinical trial 

A- IPS 80 mg 
Fe3+ daily 
B- LT4 100µg 
daily 
C- IPS 80 mg 
Fe3+ daily + 
LT4 100µg 
daily 

90 days 

33 
premenopausal 
women with 
subclinical 
hypothyroidism 
(mean age: 37): 
11, IPS; 11, 
LT4; 11, IPS + 
LT4 

1) Hematologic 
parameters 
2) Clinical 
symptomatology 
due to ID 
3) Tolerability 

1). IPS and IPS + LT4 patients showed a 
marked (and significant versus 
baseline) increase in SI, Hb and HCT. 
At study completion, the IPS + LT4 
group achieved significantly better 
results LT4 only group. 
2) Clinical symptomatology (fatigue, 
dizziness, and general performance) 
was also most improved in the IPS + 
LT4 group. 

3) Tolerability was 
regarded as very 
good in the three 
treatment groups. 

Gruppo 
Italiano 

Single-cohort 
prospective study 
(compared with a 
control group of 
healthy elderly 
subjects) 

IPS 80 mg Fe3+ 
daily 

30-60 
days, with 
a 
follow-up 
period up 
to 12 
months. 

81 
institutionalized 
elderly patients 
with iron 
deficiency. 
(control group: 
81 healthy 
elderly 
subjects). 

1) Hematologic 
parameters 
2) Clinical 
symptomatology 
3) Tolerability 

1) Hematologic parameters 
significantly improved versus baseline 
values in the study group, whereas an 
opposite trend was observed in the 
control group. 
2) Clinical symptomatology 
significantly improved versus baseline 
values in the study group, whereas an 
opposite trend was observed in the 
control group. 

3) Both clinician 
and patient 
evaluations 
regarded IPS 
tolerability (based 
on the low 
incidence of 
adverse events) as 
very high. 

Kim 
Randomized 
open-label clinical 
trial 

A- IPS 120 mg 
Fe3+ daily 
(beginning 3 
weeks before 
surgery) 
B- I.V. IS 200 
mg x 3 times / 
week 
(beginning 3 
weeks before 
surgery) 

3 weeks 

76 IDA patients 
with 
menorrhagia: 
37, IPS; 39, IS 

1) Hematologic 
parameters 
2) Tolerability 

1) At study completion, although both 
groups improved hematologic 
parameters, the i.v. IS group showed 
statistically higher increases in Hb, SF 
and MCV than the oral IPS group (a 
premature cessation of the oral iron arm 
and the short study duration were 
regarded as important methodologic 
limitations by the study authors). 

3) Tolerability was 
considered very 
good in both 
treatment groups. 

Landucci 
Randomized 
open-label clinical 
trial 

A- IPS 80 mg 
Fe3+ daily 
B- FS 105 mg 
Fe2+ daily 

30 days 
40 blood donors 
(mean age: 36): 
20, IPS; 20, FS 

1) Hematologic 
parameters 
2) Iron 
absorption 
(Gordeuk 
formula) 
3) Tolerability 

1) IPS significantly increased HCT, SI 
and SF; while FS significantly 
increased only SF, at study completion. 
2) IPS induced a greater iron absorption 
than FS: 18.7% vs 6.4%, respectively. 

3) Tolerability was 
very good for both 
treatments (only 
one mild adverse 
event por group). 

Liguori 

Randomized, 
placebo-controlled, 
double-dummy, 
clinical trial 

A- IPS 120 mg 
Fe3+ daily 
B- ER FS 105 
mg Fe2+ daily 

60 days 

1,095 patients 
with ID or IDA: 
549, IPS; 546, 
ER FS 

1) Hematologic 
parameters 
2) Clinical 
symptomatology 
due to ID and 
IDA (including 
an overall 
clinical rating) 
3) Tolerability 

1) At day 60, normalization of the main 
hematologic parameters was observed 
in both groups, albeit with greater 
values of Hb, HCT, Ferritin, and IS in 
the IPS group 
2) Asthenia, fatigue, and skin and 
mucosal paleness significantly 
improved with IPS vs ER FS. Overall 
clinical rating was significantly in favor 
of IPS (78.9%) vs ER FS (67.6%) 

3) A better 
tolerability profile 
was observed with 
IPS, with a 
significantly lower 
number of reported 
adverse events; with 
shorter duration and 
later onset 

Manfredi 
Prospective, 
single-arm clinical 
trial 

IPS 80 mg Fe3+  
daily 

30 days 
80 patients with 
IDA from 
diverse etiology 

1) Hematologic 
parameters 
2) Tolerability 

1) At study end, significant increases 
were observed in the following 
parameters: Hb, HCT, SI, RBC, MCHC, 
and TSAT Hematologic improvements 
were reported in the subgroup analysis 

2) Overall 
tolerability was 
excellent according 
to the clinical 
judgement (adverse 
events were reported 
in 7.5% of the 
subjects) 

Pedrazzoli 
Randomized 
single-blind 
clinical trial 

A- IPS 80 mg 
Fe3+ daily 
B- IG 125 mg 
Fe3+ daily 

60 days 

40 adult 
patients with 
IDA from 
diverse 
pathologies 
(mean age: 41): 
20, IPS; 20, IG 

1) Hematologic 
parameters 
2) Tolerability 

1) At wo months, both drugs 
significantly increased the following 
parameters: HCT, Hb, SI, SF, RBC, and 
MCV. However, changes in some of the 
parameters (SI, SF, TIBC and MCV) 
were observed earlier with IPS. 
Furthermore, greater improvements in 
favour of IPS were observed in Hb, 
HCT, SF and reticulocyte count. 

2) A better 
tolerability profile 
was observed in IPS 
treated patients. 

Piccoli 
Randomized, 
double-blind, 

A- IPS 120 mg 
Fe3+ daily 

60 days 
30 patients with 
CKD 

1) Hematologic 
parameters 

1) Both at 30 days and, more markedly, 
at the end of the study, most of the 

2) tolerability was 
very good and 
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Study Design Treatments Duration Population Objectives Efficacy Results Safety Results 

placebo-controlled 
clinical trial 

B- Placebo, 
daily 

(ND-CKD, 
n=14; and CKD 
on 
hemodialysis, 
n=16) who had 
developed ID. 
IPS, n=14; 
placebo, n=16 

2) Tolerability hematologic parameters significantly 
improved in the IPS arm compared to 
the placebo group, in both ND-CKD 
and D-CKD patients. 

comparable 
between the IPS 
and the placebo 
groups. 

Pogliani 
Randomized 
single-blind 
clinical trial 

A- IPS 80 mg 
Fe3+ daily 
B- IPS 120 mg 
Fe3+ daily 
C- ER FS 105 
mg Fe2+ daily 

60 days 

54 adult 
patients with 
IDA from 
diverse 
etiologies 
(mean age, 57): 
22, IPS 80; 19, 
IPS 120; 13, ER 
FS 

1) Hematologic 
parameters 
2) Tolerability 

1) At study completion, Hb, HCT, SI, 
and RBC had significantly improved in 
the three study groups, although 
increases were markedly greater in both 
IPS groups when compared with ER FS 
group. 

2) A better 
tolerability profile 
was observed in both 
IPS treated groups 
compared with ER 
FS, with significantly 
fewer reported 
adverse events 
(p<0.001). 4 patients 
in the ER FS group 
discontinued the 
study because of 
tolerability 
complaints. 

Trojachanec 
Prospective, 
open-label, 
two-cohort trial 

A- IPS 40-80 
mg Fe3+ daily 

60 days 

40 healthy 
females: 20, 
sportswomen 
(age range: 
20-24) vs 20 
students (age 
range: 20-23). 

1) Hematologic 
parameters 

1) After two months of IPS treatment, 
the athletes’ group significantly 
improved Hb and SI versus baseline, 
and SI versus the control group. 

Not reported 

Veneroni 
Randomized. 
Double-blind 
clinical trial 

A- IPS, 40 mg 
Fe3+ daily 
B- iron protein 
derived from 
saccharomyces 

cerevisiae 
cultures, Fe 40 
mg, daily 

30 days 

40 patients 
suffering from 
post-surgical 
ID: 20, IPS; 20, 
iron protein 
derived from 
saccharomyces 

cerevisiae 

1) Hematologic 
parameters 
2) Clinical 
symptomatology 
due to ID 
3) Tolerability 

1) The following parameters were 
increased in both study groups: HB, RBC, 
HCT, SI, MCH, reticulocytes, and serum 
ferritin and transferrin. No differences 
between groups were observed 
2) Clinical symptomatology was 
improved in both groups, with no 
differences between them 

3) Overall reported 
tolerability was 
very good for all the 
patients 

 

5. Conclusion 

Iron protein succinylate (IPS), an iron complex containing 
ferric iron engulfed in an electronegative protein carrier, that 
precipitates in acid pH and becomes soluble at neutral to 
alkaline pH levels, has demonstrated to protect the 
gastrointestinal mucosa from eventual damage, improve 
intestinal iron absorption, and have a neutral effect on 
hepcidin levels. 

Regardless of the different characteristics of the adult and 
elderly populations from the reviewed studies, IPS compares 
favorably in efficacy and safety (especially, GI tolerability) 
with other currently available oral iron preparations, 
especially ferrous salts. IPS has shown a fast and steady 
improvement in hematologic parameters (that reflect a better 
iron absorption), and a lower incidence of adverse events, in 
a wide range of conditions prevalent among adults that cause 
an absolute or functional iron deficiency, and they may 
consequently lead to the development of iron deficiency 
anemia. These results confirm the previously reported 
pharmacological profile of IPS. 

Finally, follow-up of IPS in the reviewed populations as 
well as further research of IPS in other diseases should be 

made. 
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