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Aim: This study aimed to determine the incidence of hypophosphatemia and evaluate anemia parameters 
following intravenous iron sucrose (IS) and iron carboxymaltose (FCM) therapy in patients diagnosed with iron deficiency anemia 
(IDA).
Methods: This retrospective study included 108 patients aged 18–67 who were diagnosed with IDA and received either FCM or IS 
therapy. The patients were divided into two groups: iron sucrose (n=55, 51%) and ferric carboxymaltose (n=53, 49%). We collected 
and analysed data on patient demographics, doses of FCM and IS, and laboratory parameters including serum phosphorus, ferritin, 
total iron-binding capacity (TIBC), iron, and haemoglobin (Hg) values.
Results: The pre-treatment blood phosphorus levels were significantly lower in the IS group than in the FCM group (p = 0.029). 
Following intravenous iron treatment, the TIBC and phosphorus levels were higher in the IS group compared to the FCM group (p = 
0.011 and p <0.001, respectively). The ferritin levels were significantly higher in the FCM group compared to the IS group (p = 0.002).
Conclusion: It is important to be aware that hypophosphatemia may occur after intravenous iron therapy for iron deficiency anemia. 
Therefore, phosphate levels should be monitored closely following treatment. Furthermore, it would appear that hypophosphatemia is 
more prevalent following FCM therapy compared to IS.
Keywords: iron deficiency anemia, hypophosphatemia, ferric carboxymaltose, iron sucrose, parenteral iron therapy, serum phosphorus

Introduction
Iron deficiency anemia (IDA) remains the most prevalent nutritional disorder worldwide and constitutes a significant 
public health challenge. According to the World Health Organization (WHO), anemia affects approximately 1.62 billion 
people globally, with iron deficiency accounting for about 50% of all anemia cases. This burden disproportionately 
impacts women of reproductive age and young children, with recent WHO estimates indicating that around 30% of non- 
pregnant women (aged 15–49 years) and over 40% of pregnant women are anemic, the majority due to iron deficiency.1 

In low- and middle-income countries, the prevalence can exceed 60% among pregnant women, exacerbating maternal 
morbidity, perinatal complications, and impaired cognitive development in offspring.2.

Furthermore, the economic consequences of IDA—including reduced productivity and increased healthcare costs— 
pose substantial challenges to health systems worldwide. Despite ongoing global efforts, progress in reducing the 
prevalence of IDA has plateaued in recent years, underscoring the urgent need for improved diagnostic, preventive, 
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and therapeutic strategies. Prevalence is higher in developing countries and among specific vulnerable populations, 
including women and children. The World Health Organization (WHO) defines anemia as haemoglobin levels below 12 
g/dL in women and 13 g/dL in men. Iron deficiency is the primary cause of this condition. Typically, ferritin values 
below 100 µg/L and transferrin saturation below 20% are used as markers to attribute anemia to iron deficiency.3,4

Several intravenous iron formulations are currently approved for clinical use, differing in their molecular structures, 
pharmacokinetics, and safety profiles. These include iron sucrose, ferric carboxymaltose, iron dextran (both low- and 
high-molecular weight forms), iron isomaltoside, ferric derisomaltose, and ferumoxytol. Among these, iron sucrose and 
ferric carboxymaltose are the most commonly used due to their favorable safety profiles and widespread availability. 
Newer agents like ferric derisomaltose allow for larger single doses with reduced infusion times, improving patient 
convenience and compliance.5

While oral iron supplementation remains the recommended initial treatment for IDA, gastrointestinal intolerance, 
including nausea, constipation, and diarrhoea, often results in poor adherence, making intravenous (IV) iron therapy 
a preferred alternative, especially in patients with severe anemia or those with malabsorption disorders.6 Among IV iron 
therapies, ferric carboxymaltose (FCM) and iron sucrose (IS) are the most commonly used due to their efficacy in rapidly 
restoring iron levels. Both treatments are particularly beneficial in cases of IDA secondary to conditions such as chronic 
kidney disease, inflammatory bowel disease, heavy menstrual bleeding, and postpartum haemorrhage.7,8

FCM and IS are two of the most commonly used intravenous iron preparations, and both have been shown to be 
highly effective in correcting anemia. FCM is a newer formulation that allows for higher doses of iron to be administered 
in a single session, potentially reducing the number of infusions needed to achieve therapeutic iron levels.7 IS, despite 
being a more established treatment, remains a popular choice due to its favourable safety profile and effectiveness in 
milder cases. Both agents are generally well tolerated, although they do carry certain risks.9

One emerging side effect of IV iron therapy is hypophosphatemia, a potentially serious condition characterised by low 
phosphate levels in the blood.10 Phosphorus is an essential element for numerous biological functions, including energy 
production (via ATP synthesis), bone mineralisation and cellular signalling.11 The total body phosphorus in an adult 
weighing 70 kg is approximately 700–800 mg, with the majority of this stored in bones as hydroxyapatite. There has 
been an increase in reports of transient hypophosphatemia following IV iron therapy, particularly with FCM. However, 
the exact mechanisms remain unclear. One proposed explanation is that fibroblast growth factor 23 (FGF-23) may be 
involved, as this inhibits renal phosphate reabsorption, thus reducing serum phosphate levels.12

From a clinical perspective, hypophosphatemia can manifest in a range of ways, from mild fatigue and muscle 
weakness to more severe complications such as osteomalacia, fractures, and respiratory failure. In light of these risks, 
monitoring phosphate levels after IV iron therapy, particularly in high-risk groups, has become a priority for clinicians. 
While both FCM and IS can induce hypophosphatemia, FCM has been linked to a higher incidence of this condition due 
to its rapid administration in larger doses.13

The objective of this study is to evaluate the comparative efficacy of FCM and IS in the treatment of IDA, with 
a particular focus on their impact on serum phosphorus levels. By examining these two widely used iron preparations, 
this study aims to provide evidence-based guidance on their use, emphasising the importance of monitoring phosphate 
levels to prevent adverse outcomes in patients receiving parenteral iron therapy.

Methods
Ethical Aspects
The study was conducted in accordance with the Declaration of Helsinki and was approved by the Adıyaman University 
Non-Interventional Clinical Research Ethics Committee (or Ethics Committee) (protocol code 2022/7-55 dated 
October 25, 2022) for studies involving humans.

Study Design
This retrospective study was conducted between October 2022 and November 2022 as an archive search using the 
database of our hospital. The study included 108 patients aged 18–67 years who were admitted to the internal medicine 
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outpatient clinic for oral intake disorder, severe anemia, inflammatory bowel disease, severe uterine bleeding, postpartum 
hemorrhage and gastrointestinal blood loss, admitted to the internal medicine service with the diagnosis of iron 
deficiency anemia (IDA) and receiving parenteral FCM or IS treatment. Informed consent was not applied due to the 
retrospective nature of the study. Exclusion criteria were: (i) a history of coagulopathy or anticoagulant use, (ii) patients 
under 18 and over 67 years of age, (iii) patients whose serum phosphorus levels could not be measured before and after 
treatment were excluded, (iv) patients with iron deficiency anemia receiving oral iron therapy, (v) patients with 
malignancy. Patients were divided into two groups: ferrous sucrose (n=55) and ferric carboxymaltose (n=53).

Iron Preparates
Intravenous Iron Sucrose: Iron Sucrose was approved by the United States Food and Drug Administration in November 2000. 
Iron Sucrose is an iron hydroxide sucrose complex with a molecular weight of 34,000–60,000 Daltons. Administration is by i. 
v. injection or infusion. When administered at the recommended dose of 1000 mg, 100 mg is administered i.v. over 5 minutes, 
1–3 times per week. The rate of administration should not exceed 20 mg per minute.

Intravenous Ferric Carboxymaltose: It is a colloidal solution of nanoparticles consisting of a polynuclear iron (III)- 
(oxyhydroxy) oxide core stabilized with carboxymaltose and can be administered as a single high-dose 15-minute infusion.

The formula for the total iron dose administered (mg) was calculated using the formula weight (kg) x (difference 
between normal hemoglobin and patient hemoglobin) x 2.4 + 500. In cases receiving ferric carboxymaltose treatment 
exceeding 1000 mg, treatment was completed with a one-week interval. Iron sucrose treatment was administered at 
a dose of 100 mg daily for a maximum of three days per week.Hemoglobin was examined using the Sysmex XN 1000 
device from blood samples taken after 8 hours of fasting, and creatinine, ferritin, transferrin saturation, calcium and 
phosphorus were examined using the Roche Cobos 6000 device.

Statistical Analysis
The study data were analyzed on IBM SPSS Statistics version 22 software. Normality of distribution of the study parameters 
was investigated with using the Kolmogorov–Smirnov and Shapiro Wilk tests. In addition to descriptive methods (mean plus 
standard deviation), data for normally distributed qualitative parameters were compared between the groups using Student’s 
t test, while non-normally distributed parameters were compared between two groups using the Mann Whitney U-test. 
Intragroup comparisons of normally distributed parameters were performed using the paired sample t test, while non-normally 
distributed parameters were compared using the Wilcoxon sign test. Significance was set at p<0.05.

Results
The study was performed with 108 women aged between 18 and 67 (mean age 38.15±9.72). The cases were evaluated 
under two groups - “Iron sucrose” (n=55) and “Ferric carboxymaltose” (n=53).

For the pre-treatment phosphorus levels of the included patients, the blood levels of the patients in the IS group were 
found to be significantly lower than those in the FCM group (p = 0.029). Pretreatment iron laboratory parameters, 
hemoglobin and phosphorus levels showed significant changes in both drugs after the treatments applied (p < 0.05). After 
iron treatments, TIBC and phosphorus levels were found to be higher in the group receiving IS than in the group 
receiving FCM (p = 0.011, p < 0.001, respectively).

The ferritin level was statistically significantly higher in the FCM group than in IS (p = 0.002) (Table 1).
The amount of increase in hemoglobin and ferritin levels after treatment in the FCM group was significantly higher 

compared to the IS group compared to the pre-treatment values (p=0.021 and p=0.002).
The amount of increase in iron levels after treatment in the FCM group was significantly lower compared to the IS 

group compared to the pre-treatment values (p=0.023).
The amount of decrease in TBIC levels after treatment was significantly higher in the FCM group compared to the IS 

group compared to the pre-treatment values (p=0.002).
The amount of decrease in phosphorus levels after treatment was significantly higher in the FCM group compared to 

the IS group compared to the pre-treatment values (p=0.000) (Table 2).
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Discussion
This study offers valuable insights into the comparative efficacy of FCM and IS in the treatment of IDA, with a particular 
emphasis on their impact on serum phosphorus levels. Although frequently disregarded, hypophosphatemia represents 
a significant adverse effect of intravenous iron therapy.14 Our findings contribute to the accumulating evidence based on 
this topic.

The results demonstrated that both FCM and IS effectively improved haemoglobin and ferritin levels in patients with 
IDA. However, a key differentiating factor between the two treatments is their impact on serum phosphorus levels. In 
accordance with the findings of previous research, it was observed that FCM was associated with a significantly greater 
reduction in serum phosphorus levels in comparison to IS.15 This finding is particularly relevant in light of the increasing 
clinical attention being paid to the risk of hypophosphataemia in patients receiving parenteral iron therapy.

Table 1 Intra- and Intergroup Analyses

Parameter Timing Iron Sucrose  
(Mean±SD, Median)

Ferric Carboxymaltose  
(Mean±SD, Median)

p value

Hemoglobin (g/dL) Pre-treatment 9.72±1.64 (9.48) 9.18±1.37 (9.35) 0.066

Hemoglobin (g/dL) Post-treatment 12.32±1.6 (12.24) 12.56±1.61 (12.8) 0.432

Hemoglobin (2p) 0.000* 0.000*
Hematocrit (%) Pre-treatment 32.32±4.05 (32.74) 31.43±3.6 (31.34) 0.232

Hematocrit (%) Post-treatment 39.06±3.61 (39.1) 39.4±4.14 (40.49) 0.655

Hematocrit (2p) 0.000* 0.000*
MCV (fL) Pre-treatment 71.42±10.21 (68.2) 71.1±8.79 (71) 0.859

MCV (fL) Post-treatment 81.47±7.28 (80.76) 82.47±7.08 (82.88) 0.471
MCV (2p) 0.000* 0.000*

Serum Iron (µg/dL) Pre-treatment 38.13±72.29 (17) 21.53±15.02 (16) 0.453

Serum Iron (µg/dL) Post-treatment 91.13±68.46 (72) 92.7±29.8 (91) 0.056
Serum Iron (4p) 0.000* 0.000*

TIBC (µg/dL) Pre-treatment 392.28±101.28 (386) 407.66±73.65 (425) 0.476

TIBC (µg/dL) Post-treatment 248.58±98.74 (235) 200.4±55.15 (201) 0.011*
TIBC (4p) 0.000* 0.000*

Ferritin (ng/mL) Pre-treatment 5.78±13.09 (3.2) 4.59±5.23 (3.4) 0.900

Ferritin (ng/mL) Post-treatment 122.62±161.35 (62.1) 171.66±182.29 (111.1) 0.002*
Ferritin (4p) 0.000* 0.000*

Phosphorus (mg/dL) Pre-treatment 2.74±0.4 (2.8) 2.93±0.49 (2.8) 0.029*

Phosphorus (mg/dL) Post-treatment 2.45±0.35 (2.4) 1.96±0.36 (2) 0.000*
Phosphorus (2p) 0.000* 0.000*

Note: Wilcoxon’s sign test, *p<0.05.

Table 2 Post-Treatment Changes in the Study Parameters Compared to Pre-Treatment Values Between the Groups

Parameter Iron Sucrose (Mean±SD, Median) Ferric Carboxymaltose (Mean±SD, Median) p value

Hemoglobin (Δ, g/dL) 2.6±1.74 (2.42) 3.38±1.75 (3.43) 0.021*

Hematocrit (Δ, %) 6.74±4.19 (7) 7.96±4.73 (6.8) 0.158

MCV (Δ, fL) 10.05±7.4 (9.51) 11.37±8.13 (10) 0.377
Serum Iron (Δ, µg/dL) 53±96.84 (52) 71.17±33.37 (71) 0.023*

TIBC (Δ, µg/dL) −143.7±119.58 (−152) −207.26±88.63 (−218) 0.002*

Ferritin (Δ, ng/mL) 116.84±162.11 (57.4) 167.07±182.19 (107.5) 0.002*
Phosphorus (Δ, mg/dL) −0.29±0.21 (−0.3) −0.97±0.34 (−1) 0.000*

Parameter Iron Sucrose (Mean±SD, Median) Ferric Carboxymaltose (Mean±SD, Median) p value

Note: Student’s t test, Mann Whitney U-test *p<0.05.
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The occurrence of hypophosphataemia following FCM therapy has been extensively documented in scientific 
literature.16 Fukumoto et al demonstrated that FCM-induced hypophosphatemia occurred in approximately 50% of 
patients with normal renal function, while IS caused hypophosphatemia in fewer than 10% of patients. Our findings 
corroborate this hypothesis, providing further evidence that FCM has a higher propensity to cause phosphate depletion, 
potentially due to its rapid administration and high dosing potential.17 The underlying mechanism is believed to be the 
upregulation of fibroblast growth factor 23 (FGF-23), which inhibits renal phosphate reabsorption, resulting in 
a significant reduction in serum phosphate levels.

The clinical significance of this finding cannot be overstated. Although hypophosphataemia was transient and did not 
reach severe levels in our cohort, prolonged or severe hypophosphataemia has been associated with serious complica
tions, including osteomalacia, fractures and muscle weakness.18 Additionally, long-term hypophosphataemia may impair 
recovery in patients with chronic diseases, including those with inflammatory bowel disease or chronic kidney disease, 
where phosphorus plays a key role in bone and muscle health.

It is noteworthy that DeFilipp et al observed that in patients with iron deficiency secondary to bariatric surgery, FCM 
yielded a more rapid haemoglobin response than IS.19

This finding suggests that the accelerated correction of anemia with FCM may confer a clinical advantage in certain 
circumstances. However, they also emphasised the necessity for close monitoring of serum phosphorus levels, particu
larly in patients receiving repeated doses of FCM over a short period.

The implications of our findings for clinical practice are twofold. Firstly, while FCM is highly effective in rapidly 
correcting iron deficiency, clinicians must be vigilant about the potential for significant phosphate depletion, particularly 
in patients who may already be at risk of hypophosphataemia, such as those with malnutrition, chronic kidney disease, or 
prolonged use of phosphate binders. Secondly, IS may be a safer alternative for patients in whom the risk of hypopho
sphatemia is a concern. However, it should be noted that this alternative requires more frequent dosing and may not 
correct anemia as rapidly as FCM.

As no severe cases of hypophosphatemia were identified in our study, we recommend that serum phosphate levels be 
monitored routinely after IV iron therapy, particularly in high-risk groups. This recommendation aligns with those of Glaspy 
et al, who suggest that phosphate monitoring should be incorporated into the management of patients receiving FCM, 
particularly in the context of chronic kidney disease and other disorders that predispose patients to bone-mineral imbalances.20

Ferric carboxymaltose (FCM) is an effective and convenient option for treating iron deficiency anemia, allowing for 
rapid correction with high single-dose infusions. However, recent evidence highlights an increased risk of hypopho
sphatemia, particularly with repeated dosing. This effect is mediated by elevated fibroblast growth factor 23 (FGF23), 
leading to renal phosphate wasting and, in some cases, muscle weakness or bone pain. Although often asymptomatic and 
transient, monitoring serum phosphate levels is recommended in high-risk patients. The therapeutic benefit of FCM must 
be carefully weighed against its potential impact on mineral metabolism.21

Routine phosphate supplementation is not universally recommended for all patients receiving intravenous iron 
therapy. However, in cases of moderate to severe hypophosphatemia, particularly when symptomatic or prolonged, 
oral phosphate supplementation may be considered. Clinical guidelines suggest monitoring serum phosphate levels in 
high-risk individuals—such as those receiving repeated high-dose ferric carboxymaltose (FCM), with vitamin 
D deficiency, or underlying malnutrition—and initiating supplementation on a case-by-case basis. Additionally, correc
tion of contributing factors such as vitamin D insufficiency is advised to support phosphate homeostasis.22

Strengths and Limitations
One key strength of our study is the relatively large sample size and the direct comparison between two commonly used 
intravenous iron preparations. However, it should be noted that the study is not without limitations. Firstly, the retrospective 
nature of the study may introduce biases related to data collection. Secondly, the lack of iFGF-23 and vitamin D level assessments 
limits our ability to fully explore the mechanisms of hypophosphatemia. Further prospective studies incorporating these 
parameters will be required to ascertain the precise biochemical pathways involved in FCM-induced hypophosphataemia.

Therapeutics and Clinical Risk Management 2025:21                                                                          https://doi.org/10.2147/TCRM.S529064                                                                                                                                                                                                                                                                                                                                                                                                    991

Aslan et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



Another limitation is the difference in the dosages of FCM and IS used, which may have influenced the results. 
Although higher doses of FCM were administered, the comparison reflects real-world practice, where FCM is often given 
in larger doses due to its pharmacokinetic properties.

Conclusion
Our study reveals the vital importance of monitoring phosphorus levels in patients receiving intravenous iron therapy, 
particularly those treated with FCM. While both FCM and IS are effective in correcting iron deficiency anemia, FCM 
carries a greater risk of inducing hypophosphatemia. This presents an exciting opportunity for clinicians to carefully 
consider the risk-benefit profile of these agents, especially in patients with pre-existing risk factors for phosphate 
depletion. Future research should focus on prospective trials with standardised dosing protocols and include biochemical 
assessments to further clarify the pathophysiology of FCM-induced hypophosphatemia, which will undoubtedly lead to 
more effective treatments in the future.
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