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Background: Iron deficiency anemia (IDA) is a common cause of fatigue and impaired quality of life. The present study aimed to 
evaluate the impact of intravenous iron supplementation with ferric carboxymaltose (FCM) on fatigue, physical function, and general 
health among patients with IDA attending routine clinical care.
Methods: This was a prospective, single arm, observational study of adult patients prescribed with intravenous FCM for the treatment 
of IDA during routine clinical care. We used Patient-Reported Outcomes Measurement Information System (PROMIS) instruments to 
evaluate fatigue (PROMIS Short Form v1.0 13a [FACIT-Fatigue]), general health status (PROMIS Scale v1.2), and physical function 
(PROMIS Short Form v2.0 4a) before and at 3 and 6 months after FCM treatment.
Results: A total of 152 patients were enrolled. Mean age was 47.4 ± 16.0 years and 82.2% were female. Mean serum hemoglobin was 
10.2 ± 1.4 g/dL at baseline. All patients were treated with at least one FCM dose at baseline, with 77.6% receiving a two-dose 
treatment course. The mean baseline FACIT-Fatigue score was 61.0 ± 9.0, improving significantly to 50.2 ± 9.5 at 3 months after FCM 
treatment. A minimum 5-point improvement, pre-defined as clinically meaningful, was seen in the FACIT-Fatigue, PROMIS Global 
Physical Health, Global Mental Health and PROMIS Physical Function scores for 72.7%, 52.8%, 41.7% and 39.8% of patients at 3 
months (p < 0.0001 for each change from baseline), with statistically significant improvement continuing at 6 months. Mean serum 
hemoglobin was significantly increased at both 3 and 6 months (12.8 g/dL [N = 44] and 12.4 g/dL [N = 54], respectively).
Conclusion: IDA patients attending routine clinical practice reported substantial levels of fatigue and impairments in physical 
function and global health prior to intravenous iron treatment. Patients experienced significant improvements in fatigue symptoms, 
physical function, and global health at 3 months after treatment with FCM, which were sustained at 6 months.
Keywords: iron deficiency anemia, quality of life, patient-reported outcomes, ferric carboxymaltose, intravenous iron

Introduction
Anemia is a major public health problem across the globe, affecting over a third of the world’s population, predominantly 
women and children.1,2 Anemia was responsible for 8.8% of the global total years of life lived with disability in 2010, 
surpassing major depression and chronic respiratory diseases.3

Iron deficiency is the most common cause of anemia, accounting for half of the worldwide cases.1,3,4 The risk of 
developing iron deficiency is far greater in women, particularly among those of reproductive age owing to menstrual 
blood loss.5 Iron is an essential component of various proteins, including hemoglobin in erythrocytes and myoglobin in 
muscles, and plays an important role in multiple cellular mechanisms such as enzymatic processes, oxygen transporta-
tion, mitochondrial energy generation, and DNA synthesis.1,6 In iron deficiency, the reduction in serum hemoglobin 
levels hinders the effective delivery of oxygen from the lungs to the body’s tissues. Consequently, the affected tissues 
experience insufficient oxygen for their metabolic processes that produce energy. As a result, fatigue is recognized as the 
cardinal symptom of iron deficiency anemia and represents a central concern to patients.7,8
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IDA adversely impacts the patients’ quality of life, work productivity, and cognitive performance, as well as the 
prognosis of various chronic conditions.9–11 In women, this condition represents the leading cause of years lived with 
disability.12

Iron supplementation is recommended for the treatment of IDA, with the goal of replenishing iron stores and 
normalizing hemoglobin levels.1,6 Parenteral iron is indicated when patients are intolerant or unresponsive to oral iron 
therapy, blood loss exceeds the absorptive capacity for iron, or in the presence of iron malabsorption.1 Various studies 
have demonstrated that parenteral iron is able to safely and effectively replenish iron stores and normalize hemoglobin 
concentrations in patients with IDA.13–15

Several intravenous iron formulations are currently available. Ferric carboxymaltose (FCM) is a dextran-free iron complex 
approved by the United States Food and Drug Administration for the treatment of IDA in adult and pediatric patients with 
intolerance or an unsatisfactory response to oral iron and in adults with non-dialysis dependent chronic kidney disease.16

While studies on parenteral iron therapy have commonly evaluated hematological outcomes,13–15 few have focused 
on the patients’ perspective and perceived improvements in quality of life, particularly in real-world clinical practice 
settings. The present study aimed to evaluate the impact of FCM treatment on the fatigue, physical function, and general 
health of adult patients with IDA receiving routine clinical care, as measured by a set of patient-reported outcome (PRO) 
instruments.

Materials and Methods
This was a prospective, single arm, longitudinal, observational study of adult patients prescribed with FCM for the 
treatment of IDA during routine clinical care. The study was conducted across seven clinical primary and specialty care 
sites in the United States. Patient enrollment began in August 2020 and completed in October 2021.

The study protocol was reviewed and approved by the Institutional Review Board (IRB) at each study site. All 
methods were performed in accordance with the ethical guidelines of the 1989 Declaration of Helsinki and all patients 
provided written informed consent.

Study Population
Adult patients (≥18 years) diagnosed with IDA were invited to participate in the study at the time FCM was prescribed 
during routine clinical care visits at the study sites. All treatment decisions were per normal standard of care. Eligible 
patients had baseline serum hemoglobin of >7 g/dL and <13 g/dL for males or <12 g/dL for females, no potential 
contraindications to FCM, and no parenteral iron therapy within 3 months prior to study enrollment. No specific ferritin 
or transferrin saturation levels were required.

Study Data
Data on baseline demographics, laboratory values (serum hemoglobin, ferritin, and transferrin saturation levels), medical 
history, and medication history for IDA were collected based on medical records review. Any subsequent assessment of serum 
hemoglobin or IDA treatments received by the patients up to 6 months after the first FCM dose were also recorded.

We used three Patient-Reported Outcomes Measurement Information System (PROMIS) instruments in this study. 
The PROMIS Short Form v1.0 13a (Functional Assessment of Chronic Illness Therapy [FACIT]-Fatigue) is a 13-item 
instrument that evaluates fatigue over a 7-day recall period and its impact on daily activities.17,18 The PROMIS Scale 
v1.2 (Global Health) is a 10-item instrument that assesses the patients’ general health status, including physical, mental, 
and social domains. Two separate scores (physical and mental health scores) are constructed from the overall scale.19 The 
PROMIS Short Form v2.0 4a (Physical Function) is a 4-item questionnaire used to evaluate the patients’ physical 
function as derived from their ability to perform various physical activities.20 PROMIS instruments use a standardized 
T-score metric against normative data for the general population of the US, in which 50 and 10 are the mean and standard 
deviation, respectively, of the reference population.21,22 A higher FACIT-Fatigue or a lower PROMIS Physical Function, 
PROMIS Global Physical Health or Mental Health score indicate more health problems. PRO instruments were 
administered before and at 3 and 6 months after the first FCM dose. PROs were completed online outside of the clinical 
setting at the follow-up timepoints.
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Outcomes
The primary outcome was the change from baseline in FACIT-Fatigue scores, measured at 3 and 6 months after the first 
dose of FCM. Secondary outcomes included changes in PROMIS Physical Function and Global Health Physical and 
Mental scores and in serum hemoglobin levels from baseline to 3 and 6 months, and associations between baseline serum 
hemoglobin levels and baseline PRO scores.

Statistical Analysis
A target sample size of 150 was chosen to provide over 80% statistical power to detect a difference of 3 points in pre- 
treatment versus post-treatment FACIT-Fatigue scores in the resulting per-protocol population. Key assumptions included 
a Type 1 error of 0.05, a 14.2-point difference in mean fatigue scores, an expected standard deviation between 12 and 24, 
and correlation between pre- and post-treatment scores of 0.1–0.5.

Absolute changes in PRO scores and serum hemoglobin levels from baseline to 3 and 6 months after the first FCM dose, 
as well as between 3 and 6 months, were computed and evaluated for statistical significance with the paired t-test or the non- 
parametric Wilcoxon signed-rank test. The proportions of patients with no improvement, an improvement between 2.5 and 5 
points, and an improvement of at least 5 points were calculated for each PRO measure at 3 and 6 months post the first FCM 
dose. We defined clinically meaningful improvement as a decrease (for FACIT-Fatigue) or an increase (for the remaining 
PRO measures) of ≥5 points from baseline.23 A change between 2 and 6 points has been considered appropriate to define 
minimal important changes in PROMIS measures.23 Associations between each PRO score and serum hemoglobin levels at 
baseline, 3, and 6 months were assessed using Spearman’s rank correlation coefficient or Pearson’s correlation coefficient. 
Time to additional parenteral iron treatment was defined as the time between the last dose of the baseline FCM course and the 
administration of any additional parenteral iron treatment within 6 months of the first FCM dose. We defined additional 
parenteral iron treatments as those administered more than 4 weeks after the first FCM dose.

All statistical tests were two-sided at a significance level of 5%. Statistical analyses were performed with SAS® 

software (version 9.4; SAS Institute Inc., Cary, NC, USA).

Results
A total of 152 patients who were prescribed FCM for the treatment of IDA as part of routine clinical practice were 
included in the study. The great majority (n = 130, 92.8%) completed the study, of whom 110 and 98 completed at least 
one follow-up PRO survey at 3 and 6 months, respectively. Of the remaining 11 patients, nine were lost to follow-up, one 
died, and one discontinued due to other reason.

Patient Baseline Characteristics
Patients’ mean age was 47.4 ± 16.0 years and most (82.2%) were female (Table 1). Median IDA duration was 2 years 
(range: 0 to 30 years) among the 97 patients with non-missing data. Approximately 17% of patients had inflammatory 
bowel disease. The prevalence of other chronic diseases frequently associated with IDA was relatively low among the 
study sample, namely for chronic kidney disease (2.0%), heart failure (0%), and cancer (9.2%).

Over one-third of patients (34.9%) had been treated with oral iron within 3 months prior to FCM prescription, 
whereas blood transfusions were rarely performed during this period (2.6%). Parenteral iron therapy in the prior 12 
months was recorded for 6.6% of patients.

Patients had a mean serum hemoglobin level of 10.2 ± 1.4 g/dL at baseline and a median serum ferritin level of 9.2 ng/m.

Baseline Ferric Carboxymaltose Treatment
All patients were treated with at least one dose of FCM at baseline, of whom the majority (77.6%) received a two-dose 
treatment course (i.e., two doses within 4 weeks of each other). The cumulative dose of iron averaged 1332.2 ± 313.6 mg 
across baseline courses. FCM was administered via infusion in all but one case – IV push injection, always at a dose of 
750 mg per administration.
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Follow-Up Treatments
Fourteen patients (9.7%) required additional parenteral iron treatment within 6 months of the baseline FCM course. 
Median time from baseline to additional intravenous treatment was 86.5 days (range: 13 to 167 days). No patient was 
treated with erythropoietin stimulating agents, while one patient received a blood transfusion in this period.

Patient-Reported Outcomes
Results on PRO scores at each time point (baseline, 3, and 6 months) are provided in Figure 1.

Fatigue
The mean baseline score for the FACIT-Fatigue scale was 61 ± 9. Most patients completed the FACIT-Fatigue scale at 3 
and 6 months (110 [72.4%] and 98 [64.5%], respectively). Fatigue symptoms improved after FCM treatment, as indicated 
by significantly lower (p < 0.0001) scores at both time points (50.2 ± 9.5 at 3 months and 52.4 ± 9.3 at 6 months). Over 
two-thirds of the patients who completed the questionnaire had a clinically meaningful reduction in the FACIT-Fatigue 
score from baseline to 3 and 6 months (72.7% and 67.3%, respectively) (Figure 2).

Table 1 Baseline Patient Characteristics

Patient Characteristic Total

(N=152)

Age, years 47.4 ± 16.0

Sex, female 125 (82.2%)

Weight, kg 84.9 ± 24.5

Comorbidities/medical history

Iron deficiency anemia duration, years (N=97) 2 (0–30)

Inflammatory bowel disease 26 (17.1%)

Chronic kidney disease 3 (2.0%)

Heart failure 0

Cancer 14 (9.2%)

Abnormal uterine bleeding 21 (13.8%)

Gastrointestinal bleeding 7 (4.6%)

Medication history

Oral iron within the prior 3 months 52 (34.9%)

Blood transfusions within the prior 3 months 4 (2.6%)

Erythropoiesis-stimulating agents within the prior 3 months 0

Parenteral iron within the prior 12 months 10 (6.6%)

Laboratory values

Serum hemoglobin, g/dL 10.2 ± 1.4

Transferrin saturation, % (N=132) 8.0 (2.0–93.0)

Ferritin, ng/mL (N=137) 9.2 (1.0–932.0)

Note: Results are displayed as n (%), mean ± standard deviation, or median (minimum-maximum).
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Physical Function
Physical function, as assessed via the PROMIS Physical Function score, was also meaningfully impaired at baseline in 
the study population (mean score of 41.3 ± 8.6). The mean score was significantly increased (p < 0.0001) at 3 and 6 
months after FCM treatment among patients with available data (46.1 ± 8.5 [N = 108] and 45.2 ± 8.9 [N = 98], 
respectively). Over 35% of patients attained clinically meaningful improvements in the physical function score at 3 and 6 
months (Figure 2).

Figure 1 Patient-reported outcome scores.

Figure 2 Patients with clinically meaningful improvements in patient-reported outcome scores at 3 and 6 months after the first ferric carboxymaltose dose.
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Global Health
The mean Global Physical Health and Global Mental Health component scores of the PROMIS Global Health scale were 
each more than 5 points below population norms at baseline (41.1 ± 39.8 and 43.9 ± 43.5, respectively). Statistically 
significant improvements were observed for both scores at 3 and 6 months among patients with non-missing data 
(Figure 1). Over half of the patients had a clinically meaningful improvement in the Global Physical Health component 
score at each time point (Figure 2). Lower proportions of patients attained clinically meaningful improvements in the 
Global Mental Health component score (41.7% and 30.6% at 3 and 6 months, respectively).

Durability of Improvements in Patient Reported Outcomes
There were no statistically significant differences between mean scores at 3 and 6 months for any PROMIS measure, 
indicating that improvements in patient reported outcomes were mostly sustained up to the end of the follow-up period 
(Figure 1).

Serum Hemoglobin
Hemoglobin levels were collected for approximately one-third of included patients at 3 and 6 months, averaging 12.8 ± 1.2 
g/dL (N = 44) and 12.4 ± 1.9 g/dL (N = 54), respectively. These constitute statistically significant increases of 2.6 ± 1.4 g/dL 
and 2.3 ± 1.8 g/dL at 3 and 6 months, respectively, compared to the mean baseline value of 10.2 ± 1.4 g/dL (p < 0.0001 for 
both increases).

Association Between Hemoglobin and Patient-Reported Outcomes
Correlations between baseline serum hemoglobin levels and baseline PRO scores were borderline to highly statistically 
significant within the study population. A negative correlation between serum hemoglobin and the FACIT-Fatigue score 
(r=−0.294; p = 0.0002) indicated that lower serum hemoglobin was associated with increased fatigue, while positive 
correlations with the physical function (r = 0.286; p = 0.0004), physical health (r = 0.276; p = 0.0006), and mental health 
(r = 0.151; p = 0.0647) indicated that lower serum hemoglobin was associated with lower levels in these scales.

Figure 3 illustrates how serum hemoglobin concentration changes over time are accompanied by similar changes in 
PRO scores. As with the patient-level correlations at baseline, population-level changes are negatively proportional 
between hemoglobin and fatigue, and are positively proportional between hemoglobin and the remaining PRO measures.

Discussion
Evidence regarding the impact of intravenous iron therapy on the quality of life of patients with IDA is currently limited 
in real-world clinical practice settings. The present study collected data in a sample of patients with IDA of various 

Figure 3 Patient-reported outcome scores and serum hemoglobin concentration at baseline and at 3 and 6 months after the first ferric carboxymaltose dose: (a) FACIT- 
Fatigue score and serum hemoglobin concentration; (b) Physical function, global health physical, and global health mental scores and serum hemoglobin concentration.
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underlying causes, who were prescribed FCM according to routine clinical care. Over three quarters of patients (77.6%) 
received a two-dose treatment course at baseline. PROMIS instruments were used to evaluate fatigue symptoms, physical 
function, and global health before and at 3 and 6 months after intravenous iron supplementation.

Prior research has demonstrated that fatigue represents a primary and burdensome symptom in patients with IDA.8,24,25 

Accordingly, our results demonstrated a substantial impact of fatigue on the daily activities of enrolled patients, as 
evidenced by a mean baseline FACIT-Fatigue score (61.0 ± 9.0) more than one standard deviation (10) above the population 
norm. We found that FACIT-Fatigue scores were normalized to values similar to those of the general population at 3 months 
post-FCM treatment (mean of 50.5), following a significant decrease from baseline averaging 10.3 points (p < 0.0001). This 
is consistent with prior literature, which demonstrated the efficacy of intravenous FCM treatment in reducing fatigue among 
patients with IDA.26–28 While the first follow-up assessment was carried out at 3 months in the current study, prior clinical 
trial data suggest that significant improvements in fatigue may be noticeable as early as 2 weeks following intravenous FCM 
treatment.27 Results of the current study also corroborate previous results that showed improvement in fatigue symptoms 
after treatment with IV iron in a placebo-controlled study evaluating the efficacy and safety of ferumoxytol.24

A key strength of the present research is the 6 month follow-up period, which is considerably longer than that of prior 
studies exploring the benefit of intravenous iron supplementation on fatigue.24–29 The longer follow-up allowed us to 
better evaluate the durability of the improvement in fatigue symptoms that patients experience after treatment. Our data 
indicate that benefits were mostly sustained up to 6 months after the baseline FCM course, as evidenced by a similar 
mean FACIT-Fatigue score to that found at 3 months (52.4 vs 50.2; p = 0.1326). Similar conclusions can be drawn for the 
remaining PRO measures.

Baseline data on the more general PRO measures (PROMIS Short Form Physical function and Global Health scale) 
suggest that IDA has a broad impact on the patients’ quality of life. The scores derived from these instruments for the study 
sample were all more than 5 points below the population norm, indicating that patients with IDA experience considerable 
impairments in physical function and global health. As with fatigue, patients also experienced significant improvements in 
physical function and global health at 3 and 6 months after treatment with FCM. Other studies evaluating general quality of 
life (via the 36-item Short Form Survey Vitality scale and the energy domain of the Linear Analogue Scale Assessment) 
have also demonstrated clinically meaningful improvements following intravenous iron supplementation.24,25

The proportion of patients achieving an increase of at least 2 g/dL in serum hemoglobin has been commonly used as 
a standard efficacy outcome in studies evaluating treatments for IDA.24,29,30 In the present study, serum hemoglobin 
increased by an average of over 2 g/dL from baseline to 3 and 6 months (2.6 [95% CI: 2.1, 3.0] g/dL and 2.3 [95% CI:1.8, 
2.8] g/dL), reflecting the effectiveness of FCM in increasing hemoglobin levels among patients with IDA. This is consistent 
with literature demonstrating the ability of intravenous iron supplementation in normalizing hemoglobin concentrations, 
one of the goals of IDA treatment.24,29,30 Moreover, a clinical trial on intravenous FCM for the treatment of IDA in pregnant 
women reported a similar increase in hemoglobin at approximately 2.8 months post-treatment (2.9 g/dL).28

All correlations between baseline serum hemoglobin and baseline patient-reported outcomes measures, with the 
exception of mental health, were highly significant (p-values 0.0002 to 0.0006) but the associated correlation coefficients 
were relatively low (absolute values 0.2756 to 0.2938), indicating a combination of strong population-level association 
and low patient-level precision. This is typically reflective of heterogeneous patient populations, and is commonly seen in 
real-world clinical studies.31 At the population level, serum hemoglobin increases mirrored improvements in patient 
reported outcomes over the course of study. Importantly, these improvements in hematological and quality of life 
outcomes were mostly achieved after a single course of FCM, with only a small proportion of patients (9.7%) requiring 
additional intravenous iron treatment throughout the 6 months of study period.

Limitations
The level of missingness for PROs and serum hemoglobin at follow-up assessments constitutes one of our study’s 
limitations. The fact that PROs were administered online likely contributed to missing data, while electronic reminders 
that were sent likely helped. The follow-up survey completion rate for this study at 3 months (71%) and 6 months (64%) 
were higher than the 45% rate without reminders and 62% with reminders seen for email surveys in a study of PRO 
response rates that compared survey delivery methods.32 While it is difficult to assess the effect of these missing data on 
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our study results, a study of breast reconstruction patients found that non-response at one year was unrelated to 3-month 
satisfaction, but instead was related to a number of socio-demographic factors.33 If our data missingness was similarly 
unrelated to patient outcomes, it would have a minimal effect on study results, but if patients who felt better or worse 
were more likely to respond, the results could include a bias. Follow-up data on Hgb level for this study was limited 
because the study protocol did not require patients to have a follow-up Hgb level after receiving FCM. Any laboratory 
assessment during the course of this study was at the physician’s clinical discretion to reflect real-world clinical practice 
and those assessments that fell outside of the protocol-defined survey windows were not utilized in the analysis.

An additional limitation of the present study was its single arm design. Placebo-controlled trials have demonstrated 
improvements in FACIT-Fatigue scores among patients receiving placebo for up to 2 weeks after placebo 
administration.24,29 While there could potentially be some level of placebo effect in our study, we saw improvements 
out through 6 months. In addition, the improvements in PROs scores were accompanied by increases in hemoglobin 
concentrations. Therefore, the clinical benefits experienced by the patients in our study are likely to be mostly or fully 
attributable to the baseline FCM treatment.

Conclusion
IDA patients attending routine clinical practice reported substantial levels of fatigue and impairments in physical function 
and global health prior to intravenous iron treatment. Patients experienced significant improvements in fatigue symptoms, 
physical function, and global health at 3 months after treatment with FCM. These clinical benefits were sustained at 6 
months, with only a small proportion of patients requiring additional parenteral iron treatment beyond the baseline FCM 
course.

Patient assessments may provide a valuable supplement to traditional clinical outcomes for evaluating treatment 
effectiveness in a real-world setting. Improvements in PRO scores observed in this single-arm study require confirmation 
in randomized placebo-controlled studies to confirm the proportion of the benefit attributable to FCM.
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